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EDITORIAL

LECTURES IN CHEMISTRY EDUCATION
POST-ACRICE-1: SPECIAL ISSUE

Temechegn Engida
Email: temechegn@gmail.com

Dear AJCE Communities,

As you all know we had a successful event backendinber 2013 on the First African
Conference on Research in Chemistry Education (&ER1), held in Addis Ababa, Ethiopia.
The Conference brought several chemistry educatieearchers and teachers from all over the
world with the aim of creating a platform for uns@nding and enriching chemistry education
for preparation of African citizens who are ablal&al with local and global challenges.

At that moment the plenary speakers, keynote speaked oral presenters agreed to
submit their research papers to be published ps@ad issue of the African Journal of Chemical
Education (AJCE), the official journal of the Fealon of African Societies of Chemistry
(FASC) that deals with educational issues.

As promised here is Part Il of the Special IsSUAICE entitledLectures in Chemistry
Education Part | of the Lectures deals mainly with curraayimethodological and assessment
issues in Chemistry. Part Il focuses more on infdram and communication technologies
(ICTs) in chemistry education.

We believe that readers will benefit a lot from theltitude of approaches discussed in
the two parts of the Lectures in Chemistry Educatiy way of improving the approach to

chemistry education of any level in their respextontexts.

SJIF IMPACT FACTOR EVALUATION [SJIF 2012 = 3.963]
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CHEMISTRY TEACHER PROFESSIONAL DEVELOPMENT USING TH E
TECHNOLOGICAL PEDAGOGICAL CONTENT KNOWLEDGE
(TPACK) FRAMEWORK

Temechegn Engida
UNESCO International Institute for Capacity Buildim Africa (ICBA)
Addis Ababa, Ethiopia
temechegn@gmail.com

ABSTRACT

The knowledge base for teaching was considered eothe pedagogical content
knowledge (PCK) conceptualized in the mid-19804. \Bith the advent of modern technologies,
information and communication technologies (ICTi® laecoming part of the day-to-day life of
teachers and students. It was thus argued in tde2600s that the knowledge base for teaching
in the 2% century is the technological pedagogical contatedge (TPCK/TPACK). As such
TPACK is not a professional development model; eatit is a framework for teacher
knowledge. We have thus developed and validatedCanrenhanced teacher development
(ICTeTD) model and the corresponding standardsteadher training modules based on the
TPACK framework. This paper demonstrates this imtiee model with examples from
Chemistry [AJCE 4(3), Special Issue, May 2014]
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INTRODUCTION

The development of ICTs in teacher education mstihs has been one of the key
strategic priorities of UNESCO-IICBA for Africa. Wi the advent of ICTs and the development
of a knowledge-based society, IICBA firmly believbst teacher’s role needs to be redefined in
a way that meets the demands of 21st century ddocafo this end, IICBA looks beyond
professional teacher development programs that lyjndogus on training teachers in the
operation of computers and ICT literacy per se, plaghs to work actively towards enabling
African teachers to master ICT as an effective tooimprove teaching and learning and actually
integrate their skills in day-to-day classroom iliastion and beyond. The issue is no longer
whether teachers should integrate technology iir fractices, but how to use technology to
transform their teaching with technology and creege opportunities for learning [1].

There have been many approaches to introduce I@&¥ education in general and
teaching and learning processes in particularhénpast and even present time there have been
five general approaches to technology integratioeducation. These are [2]:

1. Software-focused initiativesuch as themathematical learning and general problem-
solving skill development through students’ useh& programming language Logo and
also the software-based integration attempts made aii integrated learning system
software, which provides individualized instructievhile tracking students’ learning
needs and progress.

2. Demonstrations of sample resources, lessons anggissuch as classroom-based and
student-tested examples of appropriate technology with the assumption that
successful use of instructional plans and educaltioesources is easily transferable

among different classrooms.
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3. Technology-based educational reform effatigh as the larger-scale, often grant-funded,
projects that are usually organized around nevonssifor learning and teaching that are
supported by the acquisition of hardware and softwa

4. Structured/standardized professional developmenkstmps or coursesuch adarge-
scale professional development initiatives that ateictured either as cascading
professional development or as a wide variety oérsed professional development
courses to districts, regions, or states, so tkathers can pursue them in more
individualized ways.

5. Technology-focused teacher education courdesacher education institutions, either
colleges/universities or districts/regions workingone or collaboratively, offer
educational technology courses to teachers, delivenline or face-to-face. These can
serve as recertification courses taken on an wsifiked student basis or as elements of

graduate or undergraduate programs in education.

These technocentric approaches tend to initiateoeghize their efforts according to the
educational technologies being used, rather thashests’ learning needs relative to curriculum-
based content standards, even when their titlesdaadriptions address technology integration
directly [2]. In other words, they all lack propesnsideration of the integration of content and
pedagogy. However, in recent years, the technabgiedagogical content knowledge (TPACK)
framework has emerged as a representation of tbelkdge required to use technology in an

educational setting in ways that are contextualihentic and pedagogically appropriate [3].
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THE TPACK FRAMEWORK

It is now well known, and perhaps well acceptedt the knowledge base for teaching in
the 2F' century is the technological pedagogical contertvkedge (TPCK, later referred to as
TPACK for ease of remembering it as a word). Tlaenework was proposed [4] as depicted in

figure 1.

Technological
Pedagegical Contoni
Knowledge o
[TPACK)
b

Contexts  _

Figure 1. Technological Pedagogical Content Knoggefltamework [4, p. 1025]

As Mishra and Koehler [4] argued “though Shulmaajgproach [of the PCK as the
knowledge base for teaching] still holds true, winas changed since the 1980s is that
technologies have come to the forefront of edunatiadiscourse primarily because of the
availability of a range of new, primarily digitaechnologies and requirements for learning how
to apply them to teaching” (p. 1023). It thus beeamatural to propose for the integration of
technology with PCK, resulting in the amalgam knedge called the technological pedagogical
content knowledge (TPCK/TPACK). The TPCK framewdi&mphasizes the connections,
interactions, affordances, and constraints betwaad among content, pedagogy, and
technology. In this model, knowledge about con{@)t pedagogy (P), and technology (T) is

central for developing good teaching. However, eatihan treating these as separate bodies of




AICE, 2014, 4(3), Special Issue (Part 1) ISSN 2227-5835

knowledge, this model additionally emphasizes thegex interplay of these three bodies of

knowledge” [4, p. 1025].

However, TPACK is not a professional developmentetorather it is a framework for
teacher knowledge [2]. Planners of professionaletigpment for teachers may use it by
illuminating what teachers need to know about tetiyy, pedagogy, and content and their
interrelationships. More importantly, the TPACKrirawork does not specify how this should be
accomplished, recognizing that there are many plessipproaches to knowledge development

of this type.

Some attempts were made to determine the effeetbgenf the TPACK framework in
teacher training programs. For instance, one sfbdgxamined the development of TPACK in
four in-service secondary science teachers as pheycipated in a professional development
program focusing on technology integration into X-classrooms to support science as inquiry
teaching. The study introduced to the science &ractuch tools as probeware, mind-mapping
tools (CMaps), and Internet applications like cotepsimulations, digital images, and movies.
The researchers then concluded that the intervemiogram had positive impacts to varying
degrees on teachers’ development of TPACK. Con&xfactors and teachers’ pedagogical

reasoning affected teachers’ ability to enact @irthlassrooms what they learned in the program.

Another study [6] examined pre-service teacherstgiged knowledge of TPACK and
cyberwellness through structural equation modelirige study also examined the relationships
among Singaporean pre-service teachers’ perceptibise constructs pertaining to TPACK,
and their perceived ability to integrate cyberwedls knowledge when designing web-related

learning. At the conclusion of the study, the reseers argued that the pre-service teachers’
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confidence to integrate their cyberwellness knogtethto their teaching may play an important
role in influencing how they plan and design wekdghlearning. Cyberwellness knowledge may
be an important knowledge component to foster wemmsidering the future development of

teachers’ TPACK for web-based learning.

There are, however, some theoretical arguments nigdesome researchers and
practitioners who are not finding the TPACK framekwoompletely effective in their work with
teachers. Some among these are Krista Morodemf}fzose who expressed their agreement to
her blog posted on 3 November 2013. Whereas Moradezes with the notion that TPACK
looks at the collaboration between technology, geds, and content and that teachers need

knowledge of all three, she does not agree with thasvframework is presented.

THE ICT-ENHANCED TEACHER DEVELOPMENT (ICTeTD) MODEL IN
CHEMISTRY

The ICT-enhanced teacher development model [1]hiss tdeveloped as one of the
approaches for the professional development oheracat all levels (including higher education
instructors) recognizing TPACK as the knowledgsebfor teachers and as the backbone of the
ICTeTD. The ICTeTD model (figure 2) is expectedstyve as the guide for the preparation of
pre-and in-service teachers for the 21st centuhe Tetrahedral framework recognizes and
indicates the progressive, transformed and dynanature of TPACK. It conveys the
transformed nature of TPCK from its constituent teah knowledge (CK), pedagogical
knowledge (PK) and technological knowledge (PK)tik@rmore, the entire knowledge base for

teachers is embedded within a context.
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N7

Emerging

Figure 2. ICT-enhanced teacher development model. [19]

As can be seen from figure 2, TK and PK are inglame of the page whereas CK is
outward (towards the reader) of this page. Alltthree knowledge areas are at the same level of
(have equal importance) forming the pyramid. Theapyd is made of ‘fleshes’ of TPCK--a
transformed knowledge through proper interactidnSk, PK and TK.

The continuum of transformed knowledge (TPCK/TPAQKjigure 1 is categorized into
four interrelated stages of development, nametyerging TPCK, applying TPCK, infusing
TPCK and transforming TPCK [1].1t should be understood that each stage in therdig
represents a continuum of triangular faces/plameseopyramid parallel to its base, and that the

space between successive stages is added merglgiblity of the three dimensional model.

Emerging TPCK in Chemistry represents an initial stage of TPACK developmenthemistry
teachers. Teachers at this stage are beginning #&whre of the nature and importance of TPCK

in their social, personal and professional develapmIn accordance with the ICT-enhanced
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teacher standards for Africa—ICTeTSA—{8], teachatrshis stage are expected to be aware of
the importance of a given TPACK chemistry actiikmowledgg to review various approaches
to that given TPACK chemistry activitysKills), and to simply develop interest in using that
activity (attitude.

The emerging TPCK stage in Chemistry can be appisit various technological tools
like Microsoft word, Excel, PowerPoint, documeningaa, etc. Let's say that you have taught
the States of Matter in the previous sections afr yeeriod and now it is time to teach (as per the
Chemistry curriculum) the structures of simple aiganolecules like methane, ethane, propane,
etc. The usual way is to present the nomenclatudettzeir structures on the chalk board (which
is a two dimensional object—2D). It is, howevemrl® through chemistry education research
that most students could not understand the threergional (3D) nature of the structure of the
molecules. Furthermore, it is time consuming fax @hemistry teacher to draw the structures
every time he/she wants to teach/review the strastfor different sections of a grade level.

At the emerging stage, the teacher is expected atee hthe skills of preparing a
powerpoint presentation (ppt) such as for simpggnic molecules. The length of contents of the
lesson can be increased at any time dependingeopaticular topic you are teaching. What is
important here is that, when using the ppt (teabgichl knowledge) in the classroom, you
should point out that students usually misundedsthe structures drawn on chalk boards and in
some textbooks as being 2D (pedagogical knowledgtjer than 3D (content knowledge).

It is also possible to prepare a ppt for use assaessment tool. Let's assume that a
Chemistry teacher wants to know to what extenthbisstudents understood the content he/she
has taught them regarding the States of Matter.@neis to prepare a ppt involving pictures of

actual objects and ask them to write down theipsases on a sheet of paper when each slide is
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shown to the whole class. Note that such an apprecac accommodate a large number of
students in one class as long as the ppt is vigldeery student.

In addition, you can use transparencies preparemh®rs. One example is the UNESCO
& IUPAC chemistry teaching material entitted DIDAGee the following examples extracted
from that material. These slides can be copieatguli onto overhead transparencies and be used
for teaching in the Chemistry classroom.

Example 1: The link between the differences in el&onegativity and the type of bonding

| |

:';-i-.:.-‘:.-.iﬁ'sa'.:;,-:-,n' i ._é__.g-_a *{'-'3# ﬂ%:,-;eg :
- . . .
o e:ﬁ. --I;EI
LEH=D 0<AEN<~1.7 AEN>~1.7
o e
AEM AEN pmr':m
F 0 H:O 14 6.1 CsClI 23
N: O a5 18 oo NaCl 2.1
0 ‘NH3 09 49 CaCi; 2.0
z © ~ CHy 04 00 MgF: 2.8
L 2
Beware!
. Substances built up of molecules which have cle&argponds e.g.

H,0, NH;, CO,, CH,; do not necessarily behave as polar substances.

. It is possible that the various polar bonds in detde cancel each other out, or
as it were, “neutralize” each other.

. The direction and charge of the dipole moments igeeé by the polar bonds has
to be taken into consideration, as does the reguttipole moment for the whole

molecule.

10
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. CO,, for example, is an apolar molecule with two pddands between the C and
O atoms, each having opposite dipole momentgO kind NH are polar
molecules, Chlis apolar.

. Nonetheless, all of these compounds contain pbkamacal bonds.

Example 2: Structure of water as an example of hyargen bonding

H.0 {s) H.0 (s) H.O {I)
il
..... e o b~
-i-i' 'ﬁlﬁ.h#: h' 4 _..-h i
i P gkt }'.... "' ; h':_'_'.-_" ,_:#
i lﬂ & ""__ 1‘ .- i
Y ' 4 Y = r g |
LBl L— :rg_ e .
& i \l 1 45
et - "': L 1”,.1 -
- J"'tr L 2 1
Y R - A
A é e gy i, ¥ \\_
r{Q - o) = 0276 nm rt- O = 0278 nm rit -4 =023 = 0.32 nm
AGFA

Left side, the three-dimensional representatiothefstructure of ice:

. The lattice contains a hexagonal structure. Eacherwanolecule has four
neighbors in a tetrahedral configuration.

= A very open structure that has a very low density.

. When it is warmed (to 4° C) the hydrogen bondspamially broken resulting in
a denser structure. On further warming the therengitation of the water
molecules increases and the density again decreases

Right side compares the structure of ice with tinecture of water at a given instant in
time (computer simulation):

11
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. The hexagonal pattern of ice is shown by a ligeegrdotted line

. The blue dotted line represents the hydrogen bombs. shorter the distance
between the dots the shorter the hydrogen bond.

. The color of the oxygen atom indicates to what mixiieis out of the plane: white
atoms are in the plane whilst dark brown atomsbateveen 0.7 and 1.0 nm in
front of the plane. The light pink and red atoms at an intermediate distance;
the darker the color the further the atom is imfrof the plane.

Hydrogen bonds are essential for the spatial cardigpn of biologically important
molecules such as proteins.

Example 3: Lattice Structures

lonic Lattices
Al = NaCl (open structure)
A2 = NaCl (close-packed structure)
B = Cak,

C =CsCl

12
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Metal Lattices
D = Fe (bcc unit cell)

E = Cu (fcc unit cell)

Example 4 : Allotropes of Carbon: Diamond, Graphiteand Fullerenes

B3 "
-
a
:;L'* .'.-l %
3
o3
AGFA 5
Diamond (left):
. Each atom is bonded via sp3-hybrid orbital to fatoms in a tetrahedron.

. All four valence electrons are paired in bondinbitas.

= Diamond is stable, being an insulator with a higbklting point and the hardest
substance on earth. It is transparent and hasharéiigactive index.

Graphite (middle):

. Each atom is bonded to another three atoms by gp&dhorbitals.

13
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. Consists of layers of flat, hexagonal rings of carlatoms. The layers are held
together by London force. They slide easily overheather.

= Graphite is a soft, black material and is used labricant.

. Each atom contributes three valence electrons dattiree s-bonds. The fourth
electron forms a&-bond with a neighboring atom. This is not a laoadi bond but
it moves freely throughout thesystem.

= The electrical conductivity parallel to the layesigh, but is low perpendicular to the

layers.

Fullerene, G (right):

. This molecule consists of 60 carbon atoms diviagd 20 six-rings and 12 five-
rings, like a football.

. In 1996 Robert F. Curl, Sir Harold W. Kwoto and kaed E. Smalley received

the Nobel Prize for chemistry for this discovery.

Applying TPCK in Chemistry is characterized by teachers who started to useKHsased
programs/lessons developed by others. Chemistighées at this stage also start engaging
themselves in discourses among themselves aboutitwhaans to be a teacher of TPCK-based
Chemistry curriculum, about their feelings and stud’ feelings while experiencing the TPCK-
based curriculum, etc. In accordance with the I@Mmamced teacher standards for Africa—
ICTeTSA—[8], teachers at this stage are expecteddognize and describe the approaches for a
given TPACK chemistry activitykhowledgg to use available approaches that are claimed by
the authors for that given TPACK activity using ICih the specified chemistry areski(ls), to

evaluate the appropriateness of that given TPAGKigcfor their target learnerskills), and to

14
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demonstrate positive attitudes in using that agtideveloped by others and that promote the
standard in their subjects usil@Ts (@ttitude.

In the applying stage teachers use ICT for profesdipurposes, focusing on improving
the teaching of Chemistry so as to enrich how &zhewith a range of ICT tools. The applying
stage is linked with institutions in which a newderstanding of the contribution of ICT to
learning has developed. In this phase, adminissaand teachers use ICT for tasks already
carried out in institution management and in theiculum. Teachers still largely dominate the
learning environment.

Let's assume that you want to teach the topic Efgmand Atoms to your students.
Apart from preparing and using a PowerPoint pregamt by yourself, as in the case of the
emerging TPCK, you can also download from the heeressons that teach the topic and
prepared with screenshot software and you can girgjéo the classroom. Such materials have
also audio components that the students can listériou can stop the multimedia lesson at any
time if you want to emphasize a certain point ia lassson and/or if you want to ask questions
that the student could predict/hypothesize befisterling and watching the next segment of the
recorded lesson.

As part of the Chemistry teacher training less@ngroup of teachers separately watch
the downloaded Chemistry lesson, compare and tritra use of the lesson in a group-work-
learning format, compare the pedagogical stratewl/the specific technology used with their
own practices in teaching the topic for the tatgatners. Such training activities constitute the
knowledge component of the competencies expectdtieofeachers. With regard to the skills
component of the competencies for the applyinglleédCTeTSA [8], a group of Chemistry

teachers can prepare lessons of their own on Elsnzerd Atoms using a specific lesson plan

15
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templates, incorporate the videos and slides af tdven by recording their practices on a group
of students using a video camera. The teachersl @sb develop positive attitude towards this
particular TPACK activity by evaluating and disangsthe lessons recorded by other course
mates.

Note that you will be able to develop your own suebsons as your technological
knowledge is advancing. Perhaps your will do sorwieu reach the infusing TPCK stage in

teaching Chemistry, but for sure you can do ihatttansforming stage.

Infusing TPCK in Chemistry represents a stage of TPACK development by teachbrs
started to modify, adapt and initiate their own KPltased materials/lessons/modules for diverse
group of learners. Teachers at this stage haveapa&bility to mentor/advise other teachers about
what and how of TPACK-based chemistry educatiomajams. They can also comfortably
adapt themselves to new situations in those pragirdiney can design and carryout TPACK-
based inquiry/research activities to solve persandlinstitutional problems.

In the infusing stage, Chemistry teachers infust ifCall aspects of professional life to
improve student learning and the management ohilegrprocesses. ICT enables teachers to
become active and creative in stimulating and miaugeitpe learning process, by infusing a range
of preferred learning styles and uses of ICT ini@ghg educational goals. Chemistry teachers
are required to master authoring tools, animatioalst and multimedia tools to develop
instructional software in Chemistry. In accordamgth the ICT-enhanced teacher standards for
Africa—ICTeTSA—I8], teachers at this stage are etp@ to explain and criticize the pros and
cons of various approaches for a given TPACK cheyniactivity in terms of established

theories, appropriateness of ICT tools, contentireqments (pedagogical approaches) within a

16




AICE, 2014, 4(3), Special Issue (Part 1) ISSN 2227-5835

Chemistry area and contextual factdkagwledgg to produce what is needed by the standard
using ICTs for their subject areas and target gsdskills), to use one’s produced standard-based
TPACK chemistry activity for the target groupkils), to evaluate the effectiveness and
efficiency of one’s produced approaches for thaegiTPACK activity §kills), and to appreciate
the care and rigor needed in implementing the st@htbr target learners using available ICT
tools @ttitude.

For instance, at the infusing TPCK stage, a Cheynisiacher starts designing his/her
own lessons by using free software available farcatonal purposes. One such software is the
Advanced Chemistry Development (ACD/ChemSketch)stsded in the reference manual [9],
ACD/ChemSketch is a chemical drawing software pgekKaom ACD/Labs designed to be used
alone or integrated with other applications. Cheat8k is used to draw chemical structures,
reactions, and schematic diagrams. It can alsoskd to design chemistry-related reports and
presentations.

ACD/ChemSketch has the following major capabiliti€sructure mode for drawing
chemical structures and calculating their propsrtBraw mode for text and graphics
processing, and Molecular Properties calculations for automatic estimation of: Formula
weight, Percentage composition, Molar refractividglar volume, Parachor, Index of refraction,
Surface tension, Density, Dielectric constant, Roddility, Monoisotopic, nominal, and average
mass.

ACD/ChemSketch can stand alone as a drawing packaget as the “front end” to other
ACD/Labs software such as the NMR Predictor engiese ACD is installed in the computer
(TK), the Chemistry teacher can follow the instioies/user manual for drawing and animating

(PK), for instance, the structures of organic moles (CK). The animated structures with

17
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different models such as wire frame, sticks, badl aticks, space filling, dots only, and discs can
be used to challenge students’ misconceptions aheustructures of the molecules through the

teacher’s application of this particular TPACK aittf.

Transforming TPCK in Chemistry is the highest stage of social, personal and psojeal
development of Z1century teachers. Teachers at this stage areéveremtd innovative in that
they not only develop new and appropriate TPCK o for their institutions but also theorize
about the nature and methodologies of TPCK. In @atwe with the ICT-enhanced teacher
standards for Africa—ICTeTSA—I[8], chemistry teachat this stage are expected to master the
approaches and techniques that promote the giwematd within and across grade levels of
Chemistry as well as across the institute’s/scisoalurricula using ICTs kfowledgg to
demonstrate creativity in relation to that partecul standard using ICTs in their
institutions/schools and beyonsk({lls), and to demonstrate motivation, dedication amgisgity

to implementing the standard to various target gsausing ICTsdttitudg.

The transforming stage is linked with institutiaghat have used ICT creatively to rethink
and renew their institute. ICT becomes an integatt of daily personal productivity and
professional practice. The focus of the Chemistnyiculum is now much more learner-centered
and integrates the subject in real-world applicejdoth in real and virtual environments. For
example, students may work with community leadersalve local problems related to water by
accessing, analyzing, reporting, and presentingrimdtion with ICT tools. Learners’ access to
technology is broad and unrestricted. They takenewere responsibility for their own learning
and assessment. ICT is taught as a subject ar@a applied level and is incorporated into all

vocational areas. The institution has become areaitlearning for the community. Teachers

18
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need to master special software, learning managesysitem, simulation and modeling tools,
networking and various web tools, in order to inadxely transform the teaching and learning
system.

At this stage, the teacher is a creative and ininaperson. He/she can design,
implement and evaluate a range of technologicalstoo teaching Chemistry and across the
curriculum. At this stage the teacher should be abldesign Chemistry website at least using
opensource software like Joomla. He/she should laésable to use the content management

software like Moodle for wider and online learning.

SUMMARY

Base on the ICTeTD model [1] and the corresponditagndards [8], we developed a
training module for Chemistry (of course to othabjects like History, Geography, Biology,
Mathematics, Physics, and Literacy (we can do s@ffy subject in the curricula of any level,
K-University). The basic idea behind these documénthat (chemistry) teacher training in the
21st century needs to be designed in such a wayhbyg develop technological, pedagogical
content knowledge (TPCK/ TPACK) as one packagdefytare to be successful and effective
teachers. In addition, as teachers and their ctaiexy to a great extent, there is a need for a
progressive development which we classifiedEaserging TPCK, Applying TPCK, Infusing
TPCK and Transforming TPCK

The training of chemistry teachers will follow agty-based interactive lessons, with
each lesson designed to implement the approacietddgn figure 3. Facilitators of the training
of teachers will follow what is called the lessandy approach. Lesson Study is a teaching

improvement process that has origins in Japaneseegitary education, where it is a widespread
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professional development practice. Working in a Isigeoup, teachers collaborate with one

another, meeting to discuss learning goals, to gafaactual classroom lesson (called a "research

lesson"), to observe how it works in practice, #meh to revise and report on the results so that

other teachers can benefit from it. The lessonys&mdploys PDCA (plan—do—check—act or plan—

do—check—adjust) approach which is an iterative-gtep management method used in business

for the control and continuous improvement of peses and products.
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Fig. 3: A 3-D representation for gauging which instional approach with ICT (X-axis) might

support students’ thinking (Z-axis) in authentiarl@ng situations
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ABSTRACT

Visualization by computer graphics is great help $tudents to have images in the
molecular level. In this work, the change in thdexalar configuration in fundamental chemical
reactions such as, F + HE} HF + CI, | + Hh— HI + H, OH + CH;Cl — CH3;OH + CI, and
esterification of acetic acid and ethyl alcohol everisualized by the quantum chemical
calculation MOPAC with PM5 Hamiltonian. The CG thaxg material could simultaneously
display realistic shapes and electrostatic potlsntibreactants on the way of the reaction profile
besides the ball-and-stick model. The CG teachiateral could be an effective tool to provide
information about the nature of the reaction. Té&ching material was tried to combine with
chemical experiments of student’s lab used tabfetf& the purpose of making electronic
textbook of chemical experiments, which integratéservable level, molecular level, and
symbolic level [AJCE 4(3), Special Issue, May 2014]
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INTRODUCTION

Chemical education has the circumstances performi@dugh an experiment.
Understanding the observed phenomena, chemistsouseagine and explain observations in
terms of molecules. Observed phenomena and motelaval models are then represented in
terms of mathematics and chemical equation [1S#]dent’s difficulties and misconceptions in
chemistry are from inadequate or inaccurate maateise molecular level [3].

Visualization is great help for students to havages in the molecular level. It is our aim
to produce computer graphics (CG) teaching mateéaskd on quantum chemical calculations,
which provides realizable images of the nature hednaical reaction [4, 5]. If the CG teaching
material is combined with chemical experimentstatient’s laboratory, students would observe
the reaction from three thinking levels, namelyempbmena in the observable level and CG
teaching material in the molecular level, and cloanequation in the symbolic level. Our
ultimate goal is to produce such an electronichieak that can be used in the experimental
laboratory. This paper describes our approach écetéactronic laboratory textbook of chemical

experiments, which integrates the three thinkimgle

PROCEDURES
Quantum Chemical Calculation

The semi-empirical molecular orbital calculationftsare MOPAC [6] with PM5
Hamiltonian in SCIGRESS for Windows (FUJITSU, Inwas used in all of calculations for
optimization of geometry, for search of potentiaérgies of various geometries of intermediates,
for search of transition state, and search of #aetron path from the reactants to the products

via the transition state. The optimized structure loé transition state was verified by the
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observation of a single absorption peak in the imag number by the use of the program Force
in MOPAC for vibration analysis. If the peak wasselved, Intrinsic Reaction Coordinate (IRC)

[7] calculation was done and the reaction path ezeirmed.

CG teaching material

A movie of the reaction path was produced by thitwsse DIRECTOR (ver. 8.5.1J,
Macromedia, Inc.) following the display of the boadier of the structure of the reactants in
each reaction stage, which was drawn by the SCIGRESvas confirmed that the drawn CGs
of the molecular models of reactants moves smooiiig red ball, which indicates progress of
the reaction, was arranged on the reaction prafié simultaneous movements of the ball and
the reactants were confirmed. The movie file wasveded to the Quick Time movie by the
Quick Time PRO (ver. 7.66, Apple, Inc.) and waseshto iPad (Apple, Inc.) by using the iTunes

(ver.11.1.5, Apple, Inc.).

RESULTS AND DISCUSSION
Reaction of F + HCI- HF + ClI
The study of simple reaction of two atoms molecutethe reaction of equation (Eq.1)
was conducted by the calculation of potential epéRE).
F+HCI-HF+Cl (Eq.1)
Changes of PE in the reaction have been reportpdriexentally [8] and theoretically
[9]. However, the reaction has not been clarifiedwggh in details such as PE surface in three-

dimension (3-D). PE of 2-D and 3-D are shown inFigure 1 along with structure of reactants
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in the ball-and-stick model and the reaction pepfiwvhich demonstrates the degree of the

reaction progress by the ball.
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Figure 1 CG teaching material of F + HGIHF + CI
The transition state is located near the point 47 #istance of 1.376A and H-ClI distance
of 1.354 A. The IRC method [7] supported the triosistate. A single absorption peak in the
negative region was found at -2858 tnThe result indicates vibrational mode due to the
decrease of potential energy for the direction iy @ne pathvia a true transition state at the
saddle point. Energy between the initial stateezfctants and the final state of products was
38.96 kcal mat[10]. The value was in fairly good agreement withexperimental [8] value of

33.06 kcal mot.
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The Figure 1 clearly shows these changes of PHs dwplay on PE surface in 3-D,
which offers a bird-eye view of the reaction prefiTwo Valleys of lower energies and hilltop
on the transition state at the saddle point camebegnized boldly. Possible pathways of the
reaction from the reactants of F and HCI to thedpots of HF and Clia the transition state at
saddle point can be readily traced. CG teachingenatis able to provide information about

change of the PE and structure of reactants imtaigestate simultaneously.

Reaction of | + H— HI + H

We developed a CG teaching material of rearrangerbgncollision of diatomic
molecule and one atom. The transition state oféhetion is located nearby the point of 1.6 A of
I-H distance and 1.8 A of H-H distance [5]. Thec#lestatic potential on electron density
(EPED) model and the ball-and-stick model of thenmediate, I1-H-H, and the reaction profile
were combined in the left side of the Figure 2dasier recognition of those three.

The electrostatic potential [11] was calculatedeldasn the coordinates of atoms from the
IRC calculation[7] and superimposed on to the isdase of the electron density at the value of
0.01 e A as shown in the upper left part of the CG. Thei@slof electrostatic potentials were
represented in different color on the model ofrimediate on the way of the reaction, and figure
legend of color boundaries for electrostatic po&ntvas also listed. Distribution of the
electrostatic potential among the intermediate lwaseen by the colors. For example, right side
of H, molecule is positively charged with relative vahfe+0.09 based on evaluation of energy
of interactions of prove proton to the charge af-ssirface. The model by EPED provides
information about electrostatic distribution ingénnediate with realistic shape on the way of the

reaction.
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Figure 2 CG teaching material of | + H2 HI + H

In the middle of CG, skeletal structure in the {aadd-stick model in which diameter of
the stick reflects calculated bond order is shdvawer left part of the CG shows R& reaction
coordinate, the reaction profile, which demonstdtee degree of the reaction progress by the
ball. Student could correlate this reaction profiliéh the reaction path in the right side of CG.
The left side of the CG is able to provide inforraatabout characteristics of intermediate of
molecule in a certain state on the progress otimac

Form the survey conducted to the university stufiE2l, the CG teaching material on the
tablet computer (iPad) may creates positive aitashong the students toward the subject and it

was effective to provide images of “Energy” chantfetructure” change, and “Migration of
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Electron” during chemical reaction. Results of &ys/suggested that the teaching material in the

tablet computer could be an effective tool in |atory class.

Reaction of OH+ CH3Cl — CH;OH + CI

Walden’s inversion is one of important example &g tbimolecular nucleophilic
substitution reaction (& reaction), which inverse configuration of reattahherefore, the
reaction is often adopted in teaching materialr@ndurriculum of the university, including some
appropriate schemes [13]. The schemes should belaped for student to acquire more
realizable images of the nature of the reaction.

We developed CG teaching material for universityglent, concerned about reaction with
drastic change of the structure of reactants inrdsetion (Egq. 2) as a model of Walden’s
inversion. CG teaching material could demonstrgteachism of structural change.

OH + CH;Cl — CH30OH + CI (Eq. 2)

The inter-atomic distances of C-Cl in @& was calculated as 1.87 A (1.87 A) [14], and
C-O in CHOH was 1.41 A (1.43 A) [15]. These values were god) agreement with the
literature values in the parentheses. Energy betviee initial state of reactants and the final
state of products was 165.01 kJ thoThe value was in fairly good agreement with &tere

[16] value of 162.90 kJ mdl

28




AJCE, 2014, 4(3), Special Issue (Part 1) ISSN 2227-5835

| 1 i i
Braction coerduaie

Figure 3 Selected picture from the CG teachingenmait

Selected picture of CG movies are shown in therfléigs The CG shows the reaction
profile, potential energy vs. reaction coordinatdjch demonstrates the degree of the reaction
progress by the ball. Movies were made by usingamby by the space filling model, which
shows realistic shape, but also the ball-and-staddel, which shows change in molecular
configuration easily.

A student is expected to obtain the image of anretigbreversal like motion in Walden’s
inversion. In the space filling, the existence m@iabty of the electron is 90 %. In the ball-and-
stick, the thickness of stick changes by bond ordéren the CG teaching material in the tablet

PC is touched by student, the Quick Time contral dg@pears and the red ball can move by
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student’s choice. This manual control feature ptesi“Hands-on” feeling to student. This CG
teaching material could provide not only imageseagrgy change during reaction but also
images of dynamical structure change during chdmeéeetion.

The CG teaching material could demonstrate thetstral change of reactants with both
the space filling and the ball-and-stick modelsglavith the reaction profile, which can provide

image of energy change during the reaction.

Esterification of acetic acid and ethyl alcohol
CG teaching material of the esterification of aceitid and ethyl alcohol is shown in the
Figure 4. The electrostatic potential [11] was chlted based on the coordinates of atoms

obtained previously [4] and superimposed on tagbesurface as shown in the Figure 4.
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Figure 4 CG teaching material of the esterification

30




AICE, 2014, 4(3), Special Issue (Part 1) ISSN 2227-5835

The values of electrostatic potentials were repriesein different color on the model of
intermediate in the transition state, and figurgeled of color boundaries for electrostatic
potential was also listed. Distribution of the @étestatic potential among the intermediate can be
seen by the colors. For example, oxygen of ethisnoégatively charged with relative value of -

0.06 based on evaluation of energy of interactimingrove proton to the charge of iso-surface

and hydrogen of carbonium ion is positively chargétth relative value of +0.09.

The model by electrostatic potential provides infation abou
electrostatic distribution of the intermediate ba tvay of the reaction.

The CG teaching material could simultaneously digpéalistic shapes

and electrostatic potentials of reactants on the afdéhe reaction profile

besides the ball-and-stick model as shown in tgar€i5.
The teaching material can play by student’s chofdbe way
b
of automatic movement or manual movement. The @GGhieag material

can be loaded with note PC, tablet PC, and smarigh

Prototype Electronic Laboratory Textbook
Produced CG teaching material could demonstratstthetural
change of reactants in both the space filling wltttrostatic potential

and the ball-and-stick models along with the reacprofile, which

could provide image of energy change during theti@a. The CG

teaching material was integrated with electronfimtatory textbook for W‘%
university student by means of iBooks Author (&L.1, Apple, Inc.). e &
The laboratory textbook could display picture opagatus and Figure 5 Selected

picture of CG teaching
material of the
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flow-chart of small-scale experiment in addition tiee CG teaching material of reaction

mechanism.

Figure 6 Prototype electronic textbook

The CG teaching material was tried to combine wlhlmical experiments of student’s
lab used tablet PC for the purpose of making edeatr textbook of chemistry laboratory.
Prototype electronic textbook is shown in the Feg@. The textbook provides images of
experimental procedure in the form of flow chartl icture of apparatus, which can be enlarged

by students touch.

CONCLUSIONS

In this work, the change in the molecular agunfation in basic chemical reaction
such as, F + HCH HF + Cl, | + Hb— HI + H, OH + CH;Cl — CH;0OH + CI, and esterification
of acetic acid and ethyl alcohol were visualizedtlyy quantum chemical calculation. The CG

teaching material could simultaneously display istial shapes and electrostatic potentials of
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reactants on the way of the reaction profile besithe ball-and-stick model. The CG teaching
material could be an effective tool to provide mmh@tion about the nature of the reaction. The
teaching material was tried to combine with chefres@eriments of student’s lab used tablet PC
for the purpose of making electronic textbook oferdlical experiments, which integrates

observable level, molecular level, and symboli@lev
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ABSTRACT

There is an obvious growing of the importance dbrmation and communication
technologies (ICTs) in science education. It isduss a tool for designing new learning
environments, integrating virtual models and creatiearning communities (e-learning).
However, e-learning used in teaching and learnimgastry, including informative material in
electronic forms such as; www-pages e-mails, asgudision forums enhances teaching and
learning chemistry. In addition to the materialidely and implementation of new electronic
tools the e-learning process requires supportdhrtieal matters, especial activation of learning
processes, and cooperation between teachers taregehheir experiences and ideas. It is very
important to create e-learning in high quality thefuires quality management to standardize
approaches of e-learning. International cooperationld emphasize these requirements, and
even more. In this paper | report experiences ofeldping a bilingual (English-Arabic)
chemistry course in which web or virtual learnimyieonment has been utilized. There is a need
for increasing cooperation between teachers, ifergifit countries web-based teaching and
learning chemistry. Nowadays extremely actual aesgective educational technique is used,
which is the mobile learning (m-learning). Mobileatning is the intersection of mobile
computing (the application of small, portable, amgteless computing and communication
devices) and e-learning (learning facilitated angp®rted through the use of information and
communications technology). Mobile learning thaivides learning is truly independent of time
and place and facilitated by portable computersalolgpof providing rich interactivity, total
connectivity, and powerful processing. In May 20&8H3en Wagner, senior director of Global
Education Solutions at Macromedia, proclaimed thatmobile revolution had finally arrived.
[AJCE 4(3), Special Issue, May 2014]
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INTRODUCTION

Information and communication technologies (ICTsavén become one of the
fundamental building blocks of the modern societdany countries now regard the mastering
of the basic skills and concepts of ICT as an itae part of the core of education. To this end,
various new models of education into the teachimdylaarning environment, such as e-learning,
m-learning, and other Web- based technologies. efffeetive integration of such applications
however, depends to a large extent on teacher'dlidaity and ability with the IT learning
environment. However, 21st century declared toheeage of information and communication
technology. We cannot work in the society withootlime technology. Online technology is also
entered in the field of education. This articleal®out the integration of ICT as a tool with the

overall aim of empowering teaching and learninghuiséry.

WHY EMPOWER TEACHING AND LEARNING CHEMISTRY

Chemistry is considered as the central backbonalfdhe other scientific disciplines. It
is a creative science essential for sustainakality improvements of our way of life. The aim is
to outline the objectives and related activitieghef ICT, such as e-learning and m-learning that
empowers its education. Chemistry teachers nekddw exactly how ICT is used as a teaching
and learning tool, for their own purposes and tp Beudents understanding.

One of the ICT opportunities in teaching and leagnchemistry is to help students to
visualize the spatial three-dimensional (3D) eletaleand molecular structures, and allows
collaborative interactions between teachers andlesits, and among students themselves,
synchronously and asynchronously. ICT is considered veritable source of scientific data,

theoretical information and offers a viable meansupport authentic learning in chemistry. The
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scope of information that are available over thebVdad in other ICT- based cognitive tools,
also virtual labs and simulations should be a phatéaching and learning chemistry at all levels,

in order to enrich the understandings of its coteapd theories in different contexts.

WHAT IS THE ELECTRONIC LEARNING?

Electronic Learning is a subset of Dis@hearning and Mobile Learning is a subset of E-
learning. E-learning and m-learning have becomeemély important buzz words of the
education technology revolution each characterianghole raft of ideas and resources for
teacher. But the two terms are not always useccibyr there is some confusion between them.
However, differentiation between them can be paldity useful for teachers who use
technology in the classroom, as it can help themitk out which techniques are best for their
education scenario. The present paper highlightscttmparison of concept, characteristics,

advantages, disadvantages, similarities and difte® between E-learning and M-learning [1].

COMPARISON BETWEEN E-LEARNING AND M-LEARNING
E-Learning

E-learning refers to electronically supported l&agnand teaching using any form of
digital communication, electronic devices or theeinet. The learning process might be
described as a form of e-learning, which also casepr education technology. E-Learning
includes such processes as computer based leaamdginternet based learning, but it is
important to remember that it does not necessaetuire either a computer or an internet
connection but only the use of electronics, suca @ Rom, watching an educational television

program, or computer conferencing.

36




AICE, 2014, 4(3), Special Issue (Part 1) ISSN 2227-5835

It also includes delivering content via the Intérnetranet/extranet (LAN/WAN), audio
and videotape, satellite broadcast, interactive @ CD-ROM. However, the advent of the
internet is the real catalyst for many importantaattes in e-learning that allows internet-based
educational activities such as collaborative onleaning or interactive educational resources. It
is a structured purposeful use of electronic systelwomputer in support of the learning process
[2] to covers a wide set of applications and preesssuch as Web-based learning, computer-

based learning, virtual classrooms, and digitdbabaration [3].

Benefits of E-Learning

E-learning is a fantastic resource for making cls¢yilessons more interesting and
interactive, using online learning platforms likear@e Classroom or Quizinator to transform
traditional classroom learning. It is also partaocty effective for flipping the classroom. The
‘flipped classroom’ is a new model where teachdmastudents to use their homework time to
study new topics and learn the basic informatiaytheed to know, which they usually would
have imparted to them in class. Class time is tis&d to go through activities and exercises to
reinforce and test their understanding of the newcepts — an activity that usually forms the
basis of homework. E-learning is fantastically efifee on both sides of the flipped classroom,
with great online resources like Chem CollectivBoveing students unprecedented learning
experiences in their own homes, whilst brillianbgmams like Fifty Sneakers make testing and

evaluation fun and exciting back in the classroom.
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M- Learning

M-learning is an abbreviation of mobile learninghigh means learning using mobile
portable devices that allow the student to leardifferent environments and while he is moving
instead of being restricted to a place or tied RCaor a laptop. Mobile learning is, of course, by
its electronic nature, a subset of e-learning,ibrefers far more specifically to these handheld
devices and portable technology. The term has gremartmously in popularity in the past few
years, with the advent of handheld wireless deveash as iPods, tablets and increasingly
sophisticated mobile phones such as iPhones anidndandsets expanding the potential
applications of the concept exponentially.

However, there are many definitions for M-learnisgch as; the use of mobile or
wireless devices for the purpose of learning wbinehe move, or any sort of learning that takes
advantages of learning opportunities offered by iteotechnologies, i.e. acquisition of any
knowledge and skill through using mobile technolagytime, anywhere that result in alteration
of behavior. M-Learning brings strong portability beplacing books and notes with small

RAM's filled with tailored learning contents.

Benefits of M-learning

M-Learning is best used in scenarios where concbeteefits are gained from the
potential for mobility. For example on class fidhips, students who use mobile devices are
keeping engaged and working whilst still giving tlheedom to explore. It is also extremely
effective to use m-learning in classroom environtsemhere modern technology may not be
available to all students, or in schools wheredtaee not sufficient resources for all students to

be able to use a device. In such a situation, usiogile learning device like a single tablet,
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which may be passed easily from hand-to-hand aeshamongst a group of students, is a great
way to ensure that pupils are still able to benkefitn the diverse opportunities presented by
education technology.

An app likeMind Snackswhich presents language learning in simple, diigleschunks
with fun, easy-to-use games, is a great exampla-tdarning solution that can be simply and
quickly passed between students as they reach eeglslto enable successful team-based
learning. Mobile learning or M-learning is the idibat a student can learn from any place at any
time using portable learning devices. This meaas ldarning is accomplished with the use of
small, portable computing devices, such as cellplanes, smart phones, palmtops, personal
digital assistants (PDAs) and handheld computastet PCs, laptops, and personal media
players can also fall within this scope [4]. Howeuhere is some debate on the inclusion of

tablet and laptop computers.

Similarities between E-Learning and M-Learning

» Each of them needs an infrastructure and a widemaamty base in dealing with wire and
wireless electronic computer technologies.

« Each of them needs a high cast technological system

» Each of them provides students with digital litgrémcusing on information processing.

» Students are centre of learning process in bothetad&elf- Learning).

* In both learning models students can access ahthgunternet.

» Each of them allows communication between individadents and between students and

teachers anywhere at any time locally and inteonatly.
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* In each of them the learning content is deliveredteonically, in the form of texts, images
and video clips.

* Both learning models depend on developing probleidirsg and creative thinking skills
among students.

» Both are capable of providing learning opportusite many students.

* In both models learning material can be updatedimoously in both learning models

Differences between E-Learning and M-Learning

 E- Learning uses fixed, wire devices such as Plais, mobile learning uses wireless
communication devices such as cell and smart phomeso computers and personal digital
assistants.

* In E- learning, access to the internet is achidwedhe available telephone service, while
mobile learning uses IR when accessing the intemaivhere at any time.

* In E- learning, messages are exchanged via theattevhereas in M-learning, MMS and
SMS messages are used to exchange information éegers.

* In E-learning, it is difficult to transfer books @files between individual learners, while in
mobile learning, Bluetooth and IR technologiessed to exchange books and files among
learners.

» Storage applications used in E-learning are mofectfe than ones used in mobile
learning.

e Communication channels used in E-learning havedmtection levels as learners use more
than one device, whereas mobile learning providessuwith more protection as learners

use their own devices to connect with others.
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« It is difficult to pass devices through learnerssiiearning while these devices are easy to

pass between learners in mobile learning.

Advantages of E-Learning

. Individualized instructions: E-learning providedividualized instructions suiting to the
need, abilities, learning styles and interestdeflearners. E-learning has much potential to
make the education, instruction and learning opmaties provided to the learners
adaptable to the need, local need and resourciseiathands. Therefore, it is learner
centered.

» Easy access: The learner gets access to leammibgebking all barriers of time, place and
distance. The learners can access information aodadonal contents anytime and at
anyplace. E-learning is available even in areasrgvbigere is no school or college. It can
reach any remote or far off areas of the countnyanid.

e Qualitative: E-learning has a unique feature fdovaihg access to unlimited number of
students the same quality of the content thatlanfid student has

» Effective media: E-learning can prove an effectivedia and tool for facing the problem so
lack of trained teachers, shortage of schools aebed facilities for providing quality
education to the number of students residing irafa wide corners of the country.

» Different learning styles: Unlike traditional classm education, E-learning can cater to
different learning styles and promote collaboratmmong students from different localities,

cultures, regions, states and countries.
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Flexibility: The flexibility of E-learning in term of delivery media (like CD, DVD,
Laptops and Mobile Phones), type of courses andsacmay prove very beneficial for the
learners.

Play-way spirit and learning by doing: Learning emences via simulated and gaming
techniques may also provide the advantages ofngeticher experiences on the useful
pedagogical footings of play-way spirit and leaghby doing or leaving.

Interesting and motivating: E-learning may make tstudents more interested and
motivated towards learning as they may get a widaety of learning experiences by
having an access to multimedia.

On-line, Off-line and live interaction: The oppartties of having an on-line, off-line and
live interaction between the students and teacledsamong the students themselves may
make the task of E-learning a joy and best alteradb the lively face-to-face interaction
and real time sharing of the experiences in atitadil classroom settings

Self-learning and self-improvement: E-learning k&al self-learning. It can be utilized for
improving technical and vocational skills.

Evaluation and feedback: E-learning can also p@vopportunities for testing and
evaluating the learning outcomes of the learnemutth teachers, peers and auto-
instructional devices and software available witbré a ding material online, or through the

internet and mobile phone facilities

Advantages of Mobile learning

Increased mobility: Learning is not restrictediked locations any more.

Mobile educational systems allow lifelong learnthgough distance learning.
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* The learning material is mostly colorful encourapistudents to go back and forth and
practice more.

* Learner gets stimulated in learning, conveniemd, iateresting.

» Time-saving: People can now study when they arentoting and traveling.

* Environmental-friendly: It is amazing to find oubw much information a mobile device
can carry despite its light weight. Less printingequired.

» Interactive: Mobile technology enables studentglasely link with their peers, teachers,
distant partners, and even interest groups worlewid

* Use of relatively inexpensive everyday technolsgie

» Better opportunities to acquire skills at one’snopace, with a degree of privacy that may
be missing when using shared computer facilitiesetying on equipment belonging to
somebody else.

e Good support for preferred modes of interactiory. eaccessing audio content or
participating in social networks on the move.

» Catering for interests beyond what is providedlass, through access to additional content
such as podcasts or free learning materials (gaggnQearn).

* Handheld devices are often an everyday part ahbss, so learning can contribute directly
to enhancing employability, life skills and workagtices.

*  Opportunities for learners to give immediate fesaxkbon their learning experience.

* Learning materials can become accessible to arlagdience, through podcasts, mobile
applications, blogs and e-books, which are segpobgntial students.

* Revitalizing the curriculum, rethinking teaching tmeds and implementing improved

feedback to learners.
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» Turning geographically dispersed learners into lmalde teaching resource by enabling
them to contribute their local knowledge and reslealata more easily.
* Making the learning experience more tailored to ttheanging needs of individuals,

encouraging learners to return for knowledge updaaind further study.

Pedagogical Implications of Mobile Learning

Mobile computing/communication devices offer a wagppportunity for teachers and
students in different kinds of instructional seginto capitalize on the flexibility and freedom
afforded by these devices. If appropriately faaigéd, mobile learning can benefit learners by
providing them the instructional materials and iat&éion through their mobile devices wherever
and whenever they need it. Instructors also bemdfdre they can access services and interact
with students while on the move. To keep up wiik tthanging phenomenon and to effectively
facilitate mobile learning, argued it is imperatitheat instructors learn about and adapt to the
changing environments, when and where appropnate predict that mobile technologies will
help in teaching and learning chemistry, especialthe rural areas, disables, etc.

The mobile educational revolution can be borderigssugh the cell phones, MP3
players, portable game devices, tablets, and lapteppecially students and teachers are
increasingly connected and digitally communicativith each other in ways that would enhance
teaching and learning chemistry, in the middle East

However, we argue that mobile/electronic educatstrould not replace traditional
education with tutors and instructors, but suppoth student and teacher by providing services

that facilitate teaching, learning and educatidatezl administrative tasks. The basic approach is
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integrative, combining a variety of devices (molaifed non-mobile) via a variety of transmitting

techniques (wired and wireless).

TEN EASY STEPS KEY TO A SUCCESSFUL E- AND M-LEARNING

There are ten easy steps to help designers toraohgtedagogically sound e-learning

chemistry courses and related activities which are:

1.

2.

Well defined needs for the e-learning.

Well established infrastructure such as networkBeyvers, e-classrooms accessed with
PCs and Internet, communications, intranets, etc.

Development of e-learning according to the Intéomal standards

E-content matches to the curriculum

Well articulated e-content according to SCORM stgadd, that effectively designed to
meet online delivery e- and M-learning goals angcives, and students needs.

Well trained teachers and students.

Evaluation of using e- and M-learning

Sustainability of the system

Well established platform in which content is defied (Internet, Intranet, LAN,

Videoconference, satellite, Cloud, etc.)

10.Well established e-content developing and deliveenters including; development

facilities, professional technical team, consubartainers, ongoing technical support,

etc.
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CASE STUDIES

A bilingual (English-Arabic) Chemistry course ha=eh developed by Awad and Stovall
[5] through the UNITWIN between UNESCO and Universif Illinois (Urbana-Champaign)
using WebCT software as a learning managementrsy@t®lS). It is deployed for e-learning in
the Faculty of Women for Arts, Science, and EdwegtAin Shams University. As a part of the
e-learning process its impact on teaching and legrohemistry has been evaluated. Also M-
learning has been deployed for teaching chemisiryMloreover, 55 courses in other disciplines

have been developed and delivered using MoodleLd41[6].

Impact of Teaching and Learning Chemistry Using E-learning and Mobile-Learning
Study of the impact of using ICT on teaching aradéng chemistry showed that it:

* Increases student’s attraction and interest tmlehemistry

» Helps students to understand chemical education

» Supports students with the required memorization.

* Increases student participation in classroom dms/with the increase of their understanding
and skills, both in chemistry and IT.

* Enhances teaching of chemistry due to presencehefguided inquiry, 3D molecular
structures, equations, graphics, animations, qsjzze.

* Helps in teaching and learning using virtual lalisere it reduce or completely eliminate the
use or production of hazardous substances and chkpaillutions (green chemistry).

* Helps in assessment and assignments.
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ABSTRACT

The purpose of this study was to investigate thesibdity of using a small-scale
chemistry (SSC) approach as a means of perfornhegistry practical activities in Ethiopian
secondary schools. A total of eight experimentsnfrtwo topics, electrolysis and rate of
reaction, in the Ethiopian grade 11 chemistry syllawere modified into SSC for use with the
MyLab Chemistry Kits (Northwest University, Soutliri&a). The evaluation involved classroom
testing of the SSC materials to investigate theatfof the approach compared to the regular
teaching approach. Two comparable groups of Gratlesdience stream students (188
experimental; 195 control) and their chemistry bems participated in the study. Triangulation
procedures involving classroom observation of tke of the SSC approach in classrooms,
student achievement tests (pre and post-test)tigoeaires, and interviews were employed for
data collection. Results showed that the SSC approan increase students understanding of
chemistry concepts. Furthermore, despite the poesehsome challenges in operating the small-
scale equipment, collecting quantitative data, maghtaining class discipline, the SSC approach
was viewed by both teachers and students as caostime saving, safer, easy to use and
enjoyable]AJCE 4(3), Special Issue, May 2014]
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INTRODUCTION
Background

Practical work carried out by students themselgemiessential part of science education
although critical views on its effectiveness algtse[1-2]. Many science educators and science
education researchers believe that student praowosk leads to better science learning.
Hofstein and Mamlok-Naaman [3, p. 105], for examptated that “laboratory experiences have
been purported to promote central science educamals, including the enhancement of
students’ abilities; scientific practical skills daproblem solving abilities; scientific ‘habits of
mind’; understanding of how science and scientigtsk; interest and motivation”. Layton [4]
argued that chemistry without practical work wasrms@as a body of factual information and
general laws, which conveyed nothing of lasting eowo the mind. In this paper the term
'practical work’, as it is commonly used in theesce education literature, refers to any type of
science teaching and learning activity in whichdsetuts, working either individually or in
groups, interact with materials to observe and tstded the natural world.

In line with the above arguments, the education @ading policy of Ethiopia [5]
declares that science should be taught in a pehati@anner. The policy discourages rote and
memory learning. In principle, the Ethiopian secanyd(grade 9-12) chemistry curriculum
focuses at enabling students to solve real lifbleras, and become independent and helpful
citizens. Accordingly, central to the teaching-teag process in the secondary chemistry
curriculum is practical work geared towards mastefy scientific skills: process skills,
manipulative skills and thinking skills. More spelly, after completion of their upper
secondary chemistry syllabi students are expeotede scientific methods in solving problems;

and demonstrate an understanding of experimenittd, ¢nowledge of laboratory procedure and
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scientific enquiry skills including observing, imfang, predicting, comparing and contrasting,
communicating, analysing, classifying, applyingedhzing, measuring; asking questions,
developing hypotheses, performing and designingeexgents, interpreting data, drawing
conclusions, making generalizations and problenvisgl[6]. Although being good teaching
ideals, as we shall see, in Ethiopia these expentaare hard to fulfil.

If implemented as intended, practical work in ch&myi gives students opportunities to
gain the above listed skills through scientific estigations and hands-on activities. Practical
activities can also promote positive attitudes pravide students with opportunities to develop
skills in cooperation and communication [7]. Fromaastructivist point of view, students need
to be active participants in the learning processconstructing meaning and developing
understanding [8]. In line with this, Bradley [9hch many others argued that practical work
should involve active participation of students.

While practical work is considered essential inmlstry teaching, it is also associated
with a number of burdens including high cost ofipqent and chemicals, chemical hazard risk,
and environmental pollution. Furthermore, practigalk requires more time and the presence of
qualified and experienced teachers and technicatasts. As a result, it is frequently missed
from the real curriculum in schools around the @8], especially where resources are scarce.
Though no extensive studies have been conductéigdeosituation of secondary science teaching
in Ethiopia, the few available studies have demaed the lack of hands-on practical activities
in schools. Bekalo and Welford [10], for exampleported that, for a number of reasons,
secondary school students in the country were etling science hands-on experiences as
specified in the curriculum. Similar findings [1bhd been reported in a study conducted to

assess the overall quality of secondary scienceatidn in North Ethiopia (Tigray region) by a
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team of science educators in which one of the asitbbthis paper was a member. Amongst the
reasons mentioned are: absence of laboratory rtamk,0f equipment and chemicals, shortage
of time, large workload, absence of laboratory técdl assistants, fear of chemical hazards,
teachers feeling inadequately prepared, lack adritbry manuals, lack of basic facilities such
as water or electricity, and large class sizecah also be argued that the problem has been
worsened by the recently observed fast- growingesitipopulation in the sciencesot being
matched with resources.

Some of the challenges associated with chemistagtipal work may be overcome
through the use of a small-scale/microscale cheynestperimentation approach. In this study,
the approach has been tried out on two chemisgicdoin secondary school classrooms in

Ethiopia, and the effects have been evaluated.

Small-scale chemistry

Small-scale chemistry (SSC) is chemistry carriet! @u a reduced scale using small
guantities of chemicals and often, but not alwasimple equipment [12] with a shift from
glassware to plastic materials [14]. Sing et aB][feckon that at the lower end of the scale,
solids and liquids of 25-100 milligrams and 100-2@@&roliters respectively may be used
without compromising the quality and standard & tihemical applications in education and
industry [13]. In our experience even a tenth af thay be suitable in many experiments. The
termsmicroscaleandsmall-scaleare often used interchangeably and refer to aasiracale of

chemistry [12]. In this paper, the tesmall-scale chemistr{§SC) is used.

Y1t is believed that the student population in tlceesce streams of the secondary schools in Ethibpgbeen
increased abruptly since the implementation of #e30 policy. According to the policy which has bee
implemented as of 2008, 70% of the student enrdirimenniversities (and secondary schools alike)tbase in the
natural science and technology related fields.
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Reduction of waste production at the source wasntlaén driving force behind the
interest in SSC [12-13]. In the USA, for exampleg tNational Microscale Chemistry Centre
(NMCC) was established in 1993 to promote the useicroscale chemistry as a means of
eliminating waste at the source [15]. Other motorsg behind the move towards SSC include:
the increasing cost of laboratory equipment andnites coupled with budget cuts, shortage of
laboratory time [16], and the increasing applicatiof safety legislation to educational
institutions [12, 17].

The benefits of implementing SSC experimentatiorchemistry teaching have been
reported by many researchers [e.g. 12, 13, 18-BD,Fequently mentioned benefits include:
saves money and time, increases safety, is eassetand environment friendly, instils ethics of
resource conservation, enhances students’ unddnstarof scientific concepts, maintains
students’ interest towards the subject, uniquelygage students in hands-on learning
experiences, and experiments are perceived byrdtide easy and fun. Bradley [21] argues that
the SSC approach can help address many of theengab that teachers face when planning
practical work including shortage of equipment @hémicals, lack of laboratory space, lack of
laboratory assistants, shortage of time, and lacowofidence by teachers.

A few limitations of the SSC approach are also reggb Experiments which involve
heating, the use of organic solvents or concemtratgds are unsuitable for the approach in
which most of the equipment is made of plastic male[22]. Nowadays, there are alternatives
in which some glass equipment are included in it the MyLab small-scale chemistry kit is
one such example (31). Difficulties in getting a@te results for quantitative experiments and
problems in handling some of the apparatuses acereported as limitations [21, 30, 32] and are

supported by our own experiences.
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SSC experiences in Africa

Although small-scale techniques have been introdluceEgypt as early as 1924 [33],
little progress was made in the rest of Africa &most seventy years. It was only in the 1990s
that such techniques were successfully introdugedSouth Africa by the Research and
Development in Mathematics, Science and Technolggycation (RADMASTE) centre,
University of Witwatersrand, South Africa. The RAINSTE kits introduced with the aim of
addressing the problems of science practical waorlsdhools of disadvantaged communities
mainly due to the efforts of John Bradley [34]. &rthen, a number of African countries, being
aware of the potential benefits, have implemenedniew approach of science practical work in
their respective education systems, and some oliaees been on the way [35]. Other kits, also
of South African origin, are the MyLab small-scatgence/chemistry kits which were designed
in 2001 by Corrie du Toit, and his colleague, MatiéToit of the Faculty of Natural Sciences,
North-West University. These have also been sutdéssmplemented in a number of South
African schools and beyond [31].

A few studies have documented the effectivenesth@fSSC approach in the African
contexts [e.g. 24, 36-41, 52]. Bradley and Verm@2} reported knowledge gains and positive
attitudes in a study on South African secondaryostlstudents after their involvement in
microscale practical work. Also in teacher trainingtitutions in South Africa this approach has
been proven beneficial [36]. Madeira [40] studide tinfluence of microscale chemistry
experimentation in Mozambican junior secondary sthand reported significant gains in
chemistry achievement. Similarly, the impact of msrale on students’ understanding of
concepts and their attitudes towards the approastbien positively reported by Mafumiko [37,

38] in Tanzania. Cameroon, Uganda, and Kenya drer @xamples within Africa where SSC
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has received very positive response from both tyachnd students [43]. Not surprisingly,
UNESCO [35] has reported a strong demand for inicowy the SSC approach from countries
like Sudan, Ethiopia, Tanzania and Gambia.

A positive feedback from students, teachers anddgdrincipals has been reported from
a pilot introduction of SSC in two Ethiopian secandschools [42]. No other empirical studies
are, to our knowledge, reported so far on SSC expegs in the Ethiopian school context. This
study, therefore, contributes towards filling thapgand thereby informing concerned parties

regarding the strengths and limitations of the appin.

PURPOSE OF THE STUDY

The main purpose of the study was to explore tlssipdity of using the SSC approach
as a means of performing chemistry hands-on paldiivities in Ethiopian secondary schools,
and thereby reducing the need for costly equipraadtexpensive laboratories. Specifically, the
study aimed at evaluating the effectiveness of $8C approach in supporting classroom
implementation of chemistry hands-on practical wagainst the teaching approaches normally
in use; assessing students’ and teachers’ perospibovards the SSC approach; and comparing
the chemistry performance of students taught usiegSSC experimentation approach with
those taught using the ‘traditional’ teaching apyotees. The study tried to answer the following
guestions:
i. What were the experiences when implementing handshemistry practical work through

the SSC approach in secondary school classroomskelle, Ethiopia?

ii. What were the ‘students’ and ‘teachers’ reactionthé SSC experimentation approach?
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iii. What were the differences in the chemistry testgoerance of the two groups of students in
the small-scale approach (experimental group) amal dapproaches normally used in

chemistry classes (control group)?

METHODOLOGY OF THE STUDY
Research design

The procedure of the overall study, in which th&gper is one part, consisted of three
phases: The first was focused on front-end anakysigew of related literature and context
analysis); the second involved development of Sg&@mentation (acquisition of SSC kits and
chemicals, and preparation of SSC laboratory mahuahsed on the Ethiopian secondary
chemistry syllabus; and the third evaluated theatffeness of the SSC approach in some
selected Ethiopian secondary chemistry classrodns paper focuses mainly on the latter
phase in which a quasi-experimental design was .u3ée quasi-experimental design is
commonly used in educational research when paatitgp cannot be randomly selected and
assigned to experimental and control groups [43, @énsistent with this type of research
design, in this study triangulation procedures lavg chemistry concept understanding test,
observation of the use of the SSC approach in hciaasrooms by teachers and students,

interviews and questionnaires, have been usedlectdata.

Research participants
Participants consisted of 383 grade 11 (averageldggears) science stream students
from two selected governmental secondary schoaiget@mental and control schools): 188 of

the students (88 males and 100 females) came fvamiritact classes in the experimental school
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while 195 (91 males and 94 females) came from fotact classes in the control school. Both
schools are located in the same city (Mekelle, N&thiopia) and have more or less the same
number of student and teacher population. Schoel \selected based on purposive sampling
(43) considering the willingness of the chemisegdhers and school principals; matching of the
topic of investigation with the teachers’ schemevofk; and presence of reasonable number of
grade 11 science students in the schools. Bothotkheere interested in implementing the
intervention; but were assigned as experimentalcantrol schools using the lottery method.

The control school demanded to have the experimeafteswards if they were to
participate, and were promised so. Participatiaghers were those who were teaching the study
classes. Thus, six teachers (four experimentaltandcontrol) participated in the study. All of
the teachers had a Bachelor of Education degreémistry teachirfgwhile one (teaching in
the control class) had attained Master of Sciemgra® in the same field. All of the teachers had

10-15 years of experience in teaching chemisttii@tpper secondary level.

Implementation of the study

Two topics — electrolysis and rate of reaction -exezlected from the Ethiopian grade 11
chemistry syllabus for the purpose of the studyurteen sets of MyLab small-scale chemistry
kits were acquired from South Africa (Mylab projeblorthwest University). The experiments
included in the study topics were modified to tl&CSapproach for use with the kits. A two-days
training workshop on the SSC approach was offevetie four experimental school teachers and

a lecturer of chemistry from Mekelle University Kigipia). No such training was given to the

2 Three years of in-service chemistry teacher edéutat Ethiopian teacher training institutions résin the award
of ‘bachelor of education degree in chemistry téaghand qualifies for a lower secondary (gradekd9-chemistry
teaching
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control school teachers; only a brief orientatiegarding the study was offered just before the
start of the implementation.

During the classroom implementation of the stutlg, éxperimental class teachers were
required to implement the SSC experimentation aggran teaching the study topics i.e. they
were required to conduct their lessons in a hamdsr@anner using the provided kits, manuals and
other materials. Accordingly, each of the experitaknlasses carried out a total of eight SSC
hands-on experiments during the implementatioropgei$tudents carried out the experiments in
groups of 4-5, where a MyLab kit and two copiestioé developed manuals, and other
supplementary materials were provided for each gram the curriculum, chemistry is given
four periods (40 minutes each) per week. The erpartal class teachers used two periods for
teaching concepts and two periods for conductirgsthall-scale hands-on experiments. On the
other hand, the control class teachers were reggliéstconduct their lessons on similar topics
using their regular teaching methods. Both the empmntal and control group teachers

conducted the study lessons for over one month.

Data collection

Data were collected through four instruments: clsémyi concept test, student
guestionnaire, individual teacher interview, andsstoom observation. Chemistry pre-test and
post-test consisting of fifteen multiple choicenite and four short answer items were developed
by the researchers. The test items were mainly osew of knowledge, comprehension and
application questions and covered the two studicsolectrolysis and rate of reaction. Prior to
administration, the contents of the test were wadid by one university lecturer and two

experienced upper secondary school chemistry temclibe test was also pilot-tested in one

57




AICE, 2014, 4(3), Special Issue (Part 1) ISSN 2227-5835

upper secondary school of the same grade level taderdgs in the study school and
improvements were made on the basis of the feed@dk internal consistency of the multiple
choice test items was computed using Kuder-Ricloard€R-21 and a reliability coefficient of
0.74 was obtained. For the short answer items t@@n-iatter reliability coefficient of 0.94 was
obtained. The pre-test was administered to gaugeitior knowledge of students on the topics;
while the post-test to measure their learning gaisilar questions were administered both in
the pre-test and post-test. Samples of the questi@ngiven in appendix 1.

Data regarding student experiences and opinionsitath® SSC based lessons were
collected using a semi-structured questionnairgtedafrom one used by Mafumiko (38) in
similar studies. Students of the experimental elsddled the questionnaire at the end of the
classroom implementation of SSC based lessons.qlibstionnaire consisted of a total of 17
items: 14 close-ended items and 3 open-ended itAnssale of 1 to 5 was provided for each
close-ended statement item (1=strongly disagrea@igsgree, 3=neutral, 4= agree & 5= strongly
agree) for the students to indicate their respaherit their perceptions in relation to SSC based
lessons. The open-ended questions also focusedudanss opinions/perceptions towards the
SSC approach; differences between the SSC appraadhthe usual/traditional teaching
approaches normally used by teachers; and probéermsuntered with the SSC approach. The
internal consistency of the questionnaire was eg#th (using SPSS version 16.0 software)
based on the close-ended component of the queatreremd a reliability coefficient of 0.83 was
obtained.

The feasibility of using the SSC approach in actalalssrooms was evaluated by
conducting individual interviews with the experin@nclass teachers. The interviews were

conducted at the end of the classroom implememtatfothe SSC based lessons and were
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focused on the helpfulness of the two-day traimimgkshop on SSC offered to the teachers; the
applicability of the SSC experimentation in actiesisons; how the SSC experimentation helped
the teachers to instruct in a student-centered srarand what problems were encountered
during class room implementation of the SSC expemiiation with students. All interviews were
transcribed and the informants anonymized.

A 29-item classroom observation checklist adaptedhfprevious similar studies (38, 45,
46) was implemented to collect classroom obsermatialata. In the experimental classes,
classroom observations were made aimed at obsemvow teachers and students were
implementing the SSC experimentation approachdattieg the study topics using the provided
materials (student worksheet, teachers’ guide andllscale chemistry kits). In the control
classes the classroom observations aimed at ohgdroiv teachers were implementing the same
topics in their lessons using regular teaching @gghes. The same classroom observation
checklist was used in both the experimental andrabalasses. However, in the control classes,
only items applicable to the lessons were constidreaddition to this, to get insight into the

overall situation of the classrooms, open note®waen during the lesson observation.

Data analysis

An independent samples t-test was conducted to ieeawhether there was a significant
difference between the experimental and contraligrstudents in relation to their understanding
of chemistry concepts with P < 0.05 being considexe significant. Data from the close-ended
guestions (Likert-type items) of the student questaire were analyzed by computing the
means, standard deviations, and the percentagetuokrgass who rated as “4=agree” or

“b=strongly agree” for each of the items. Data frtime open-ended questions of the student
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guestionnaire, individual teacher interview and sstaom observation were reported

qualitatively.

Informed consent

The project was both staged and undertaken logitithrough the schools. Informed
consents were obtained from local authorities, scharincipals, teachers and students
themselves after information on the purpose ofpitigect, as a trial introduction of small-scale
chemistry with an evaluation and as part of a Pig3is that should be made public afterwards.
Participants were informed that the evaluation ted of student questionnaires and chemistry
tests, teacher interviews and classroom observalimimg lessons. Furthermore, participating
students and teachers were informed that theis dasl group activities as well as individual
interviews would be photographed and tape recorDee. to the little sensitivity of the project
and its evaluation, consents were made in an oral.fA letter of support was also produced
from the education bureau of the Tigray region. Tieachers and students participated
voluntarily and were informed that they could wittn from the project any time. The identity

of the participants has been made anonymous thoutghe project.

RESULTS AND DISCUSSIONS
Results from context analysis (Overview of the sitation of secondary schools)

The education system in Ethiopia consists of ejgtars of primary education, divided
into two 4-year cycles, and four years of secondatycation, divided into two 2-year cycles
(lower secondary education: grades 9-10, and uppesndary education: grades 11-12). The

Education Statistics Annual Abstract of the Bure&kducation [47] of the Tigray region, where
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the study was conducted, shows that there weréahdb24 secondary schools in the Mekelle
city; 11 upper secondary, 13 lower secondary; 8&guwental, 16 private schools. In total there
were nearly 22 000 students (almost 10,000 maldsldrD00 females) and nearly 730 teachers
(almost 600 males and 130 females).

According to the Education policy of Ethiopia, lawsecondary school teachers are
supposed to have a first (bachelor) degree, wipifeeusecondary are supposed to have a second
(masters) degree in the fields they teach. Mora 8@% of the teachers were first degree
holders, and only very few of them attained theicand degree. This shows that most of the
upper secondary teachers had no sufficient quatifios as required by the policy. With respect
to material resources, the problem seems even sawere: out of the 24 secondary schools, for
example, two had no access to running water, fadrrfo library, one had no laboratory room at
all while five have only a shared one for the thseeence subjects, and 16 had no source of
income of their own to spend on materials [47].

The results from the observational visit to thehegpvernmental schools in Mekelle city
in the Tigray region (including the two which weselected for the SSC try-out) show that
chemistry laboratories were at a very poor stalest of the laboratory rooms were not to the
standard (or not built for laboratory purpose) dacked even the most basic facilities like
running water, source of electricity; working tahlsinks, hoods, etc.. In some cases the rooms
had broken windows, roofs, doors etc., and as @tregre not secure places in which to keep
materials. The rooms also lacked the required eg&ih and chemicals. In some of the older
schools a considerable number of equipment and ichswere present; however these have

been kept idle for years. Consequently most okth@pment were broken and parts missing.
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For the chemicals, many had expired and were glel@tomposed, stoppers were broken
and labels had fallen off. These chemicals wereetbee inadequate for teaching and in addition
caused a waste problem. The teachers lacked th&redqqualification and skills, were
overloaded with a number of assignments and, urisurgly, did not feel in a position to
solve/handle the lab problems, and, even lesstmee innovative ways (e.g. low-cost and time
saving approaches) of implementing chemistry hamdsactivities in their classes.
Administrators gave little or no attention to themplex problems associated with laboratory
activities. In conclusion, in these schools, thegilalities for hands-on student experiences were
very minimal. The teaching was dominated by thditi@nal ‘chalk and talk approach’ which is
characterized by teacher and textbook dominatemtutes, note giving, memorization, and lack
of practical work; though the policy requires othisse. The information obtained from teachers
confirmed our observation.

During a discussion a teacher for example pointgdhe problem saying;

Firstly, 1 do not believe | have proper training tmplement chemistry practical work in my
classes, secondly, | do not have sufficient timertgage my students in chemistry practical
work, I am so loaded and just run for coverage oityaddition to this, the laboratory is not

equipped with the required materials; no trainingee given to us on laboratory skills. In

general, there is lack of attention.

In theory, the situation described only holds foekdlle city in the Tigray region.
However, there is no reason to believe that sinaiferacteristics are not applicable in the rest of
the country. Our observations and findings agreh vaports from other studies in Ethiopia [e.g.
10, 48] and abroad [9, 49, 50]. Zymelman [49] aewvin [50] reported that science education in

developing countries is, amongst others, charaeriby absence of hands-on practical
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experiences and poor understanding of scientifithous. Cost, safety, waste disposal and

teacher training issues were identified as the measons for the lack of science practicals [9].

Results from development process of the SSC expeemts

The second phase of our study involved the devedmpnand adaptation of SSC
experimentation for Ethiopian classrooms. Fourtélghab small-scale chemistry kits (Figure 1)
and related teaching materials were acquired fieenMyLab project of Northwest University,
South Africa. The MyLab kits were selected as ththars have experienced their versatility in
different school settings. The kits mirror the ttexhal chemistry lab, but in a miniature format.
They are self-contained by including chemicals agdipment for the majority of experiments
mentioned in the syllabi for secondary schools #wdugh the first year general chemistry

course at university level.

Analysis of the Ethiopian secondary chemistry [@swcarried out to examine the topics
and nature of practical activities includddwas found that no less than 80 experiments were
mandatory. These required at least 66 large-sqgbaratuses (like digital pH meters, digital
balances, different flasks etc.) and 85 differdmmicals (see appendix 4) which is unrealistic
given the existing Ethiopian school context. Eatthese ‘large-scale’ experiments were studied

and found to be adaptable to the SSC approach.
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Based on the analysis and practical considerateighf experiments from the two grade
11 chemistry topics (electrolysis and reaction )ratere selectedand adapted into the small-
scale approach for use with the MyLab kits (TalleDrafts of student worksheets and teachers’
guide laboratory manuals were prepared using Mydralde small-scale chemistry manuals [51]
as main sources. The experiments were, then, rgsdfdtepeatedly by one of the authors at the
chemistry laboratory of Department of chemistry, kiglee University (Ethiopia), and

improvements were made.

Table .1 the developed SSC experiments
Experiment 1: electrical conductivity of ionic cooynds
Experiment 2: effect of an electric current on wate
Experiment 3: effect of an electric current on gneous sodium iodide solution
Experiment 4: effect of temperature on reactios rat
Experiment 5: effect of concentration on reactiate r
Experiment 6: effect of surface area on reactioa ra
Experiment 7: effect of nature of reactants onrdaetion rate
Experiment 8: effect of catalyst on reaction rate
A two-day training on small-scale chemistry wasvted to four grade 11 chemistry
teachers of the experimental school and instrubtedne of the authors. During the training,
teachers performed each of the small-scale expets®y themselves with a minimal help from
the instructor and gave a number of suggestionsiwiliere used to improve the final versions of

the teachers’ guide and student worksheet matethaieby also developing an ownership to

% Only experiments which were offered in the secearhester (as in the syllabus) were considered. rEnpets
which need special equipment, not available in Mhdab kit, and those which need excessive heatimgew
excluded. Accordingly, the experiments in the tapits (rate of reaction and electrolysis) were thauitable.
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experiments that were to be undertaken in the rdasss. See appendix 2, and 3 respectively for
samples of the materials. Descriptions of two ef developed SSC experiments (experiments 1

and 4) are presented here for the sake of illustrat

Experiment 1: Electrical conductivity of ionic compounds

The objective of this experiment was to test thexteical conductivity of the aqueous
solutions of some common ionic compounds. The exm@at was conducted using sodium
chloride, copper sulphate, calcium chloride, andiwso carbonate. The apparatus required for
the traditional set-up were; 9-volt battery, 6-wittlb with a bulb holder, conducting wires,
carbon rods, 250-mL beaker, spatula and stirrethénsmall-scale set-up MYLAB apparatus
stand was used to fix the required apparatus (@mofuthe battery, battery connection, the
electrodes, and the water bowl). The water bowlamgul the 250 mL beaker, and the light
emitting diode (LED) replaced the 6-watt bulb. Ligémitted from the LED was used as an
indicator of the conductivity of the agueous sauatand the intensity (brightness) as an indicator
of the strength as well as the degree of dissociaif the electrolyte (salt) used (Figure 2).

Obviously with the four ionic solutions a brighghit was emitted from the LED. Similar
tests carried with table sugar failed to give glogvof the LED; only a faint light was observed
probably due to the presence of some ionic imm@giti

Unlike the traditional set-up which needs some tmthl materials to support the bulb
and the two electrodes, in the small-scale setap_#D is permanently fixed on to the Mylab
stand, the electrodes are easily supported bywtleentulti-purpose holes which exist in the
stand. This makes the setup easy to use. Theitraalitset-up, as indicated in the student

textbook [6], does not specify the amount of thempound to be used in preparing the aqueous
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solution, which may result in more waste of chemsi@s students may use more than required.
However, in the small-scale set-up, 4 micro-spatafaeach salt were sufficient to prepare the
required solution. The time needed to perform tkgeement was very short (not more than 40
minutes overall). The main reason for this savimgime was due to the fact that all apparatuses

and chemicals were at hand in one Kit.

Figure 2. Small-scale setup (MyLab) for electricahductivity test of ionic solutions

Experiment 4: Effect of temperature on reaction rae

The objective of this experiment was to study tffece of temperature on the rate of
reaction between zinc and dilute hydrochloric a@iCl). This was undertaken by using the
specific gas units in the kits (in water baths dfedent temperature) and by measuring the
volume of gas developed through downward displacénoé water in a test tube. Two
temperature conditions were used; one arour’€;8a8nd another around®, using ice water,
which was replaced by room temperature water (Eiggk As these reactions were run in

parallel, the difference in the rate of the twoctens was easily observed.
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Figure 3. Effect of temperature on rate of reachetween dilute HCI and zinc

The experimental setup of this experiment could &ebit challenging for both

inexperienced students and teachers. However, sftere trials, it was hoped, they would

manage. Getting ice in schools could also be al@moland the experiment was later changed so

that the water bath held room temperature.

Results from classroom observation (classroom obsation checklist)

Observation in experimental classes

Two lessons were observed from each of the fouemx@ntal classes. The results in

Table 2 show that almost all of the SSC based ipeddessons were implemented successfully

as per the criterion indicated in the observatibecklist. Teachers made all preparations in

advance including grouping and sitting arrangemeaftstudents; and making the SSC Kkits,

student worksheets, and other supplementary mistegady for use. Teachers started the first

experiment by forming small-groups of 4-5 studemtswhich members shared roles (e.g.

chairperson, secretary) among each other. Follovigg instructions given in the teachers’

guide, all teachers introduced the practical les&periments by clarifying the purpose of the
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experiments; and explaining how students obtairerrads from the kits, and how to use them.
They also strongly advised their students to redekg instructions carefully.

When it comes to the body of the lessons, the teshbw that teachers demonstrated the
experiments to their students at the beginninghef ¢xperiment and in the course of the
experiment when requested by students; and werengi@round groups to give further help
when students were engaged in the practical d@esviDuring the activities, student-student and
student-teacher interactions were very high, asdn, we believe, is not often encountered in
most classrooms in Ethiopia. This could be duehtassignment of a separate SSC kit and a
student worksheet to each group.

Working in small groups and performing experimdntgshemselves for the first time had
also contributed to the high motivation and papttion observed in all students. Most students
demonstrated ability in using the apparatus andemad$, and eagerly tried to follow the
instruction provided in the student worksheets. &@amnally, when questions were asked,
teachers were observed giving short presentationthé whole class. Their approach was
friendly, and both they and their students werdiamisigns of their motivation and happiness

of their involvement in the SSC based hands-owviies.
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Table 2 results of classroom observation of theearpental classes

ISSN 2227-5835

experimental class lessons observed

Criterion to be observed ET1 ET2 ET3 ET4
Introduction to the lesson 11 L2 L1 L2 L1 L2 L L2
1. Teacher relates the lesson to previous learningéuctivities + o+ o+ + + + + +
2. Teacher groups students for experimental work + + + + + + + +
3. Teacher introduces by an activity (e.g. pre-lalre@se) + R + + + + +
4. Teacher makes connection between pre-lab activitcaurrent lesson activities (if

applicable) + + + + + + + +
5. Teacher explains clearly the purpose of studerttioed + + + + + + + +
6. Teacher explains how students will obtain materials + + + + + + + +
7. Teacher emphasizes students to read carefullyysaftuctions + + + + + + + +
8. Teacher asks group members to assign and share doléng activities (e.g.

chairperson, secretary) + + + + + + + +
Body of the lesson
9. Teacher explains how to use materials and equipment + + + + + + + +
10. Teacher demonstrates experiments to stu + + + + + + + +
11. Students actively participate in doing he-on activitie: + + + + + + + +
12. Teacher moves around groups to insure experimsetalp and safety + + + + + + + +
13. Students use information from the student worksheet + + + + + + + +
14. Students demonstrate ability in working with appasand materials + + + + + + + +
15. Students work cooperatively in small gro + + + + + + + +
16. Teacher circulas among groups asking/answering ques + + + + + + + +
17. Students seek help from the teacher during a@sviti + + + + + + + +
18. Students discuss their experimental activitiehesmall groups + + + + + + + +
19. Students show interest in the experiments theyairey + + + + + + + +
20. Groups present observations to the whole class + + + + + + + +
21. Teacher and the students discuss the activitiassd®le class + + + + + + + +
22. Teacher makes short presentation at different tichaing the activities to help

students grasp major concepts + + + + + + + +
23. Teacher effectively manages timing of differenf\aties + + + + + + + -
Conclusion of the lesson
24. Teacher, together vh students draws conclusions from the experir + + + + + + + +
25. Teacher discusses with the students their procedume results + + + + + + + +
26. Teacher guides students to understand differendieir results + + + + + + + +
27. Teacher helps students to relate the activity thidory + + + + + + + +
28. Teacher summarizes the main concepts learned freradtivities + + + + + + + +
29. Teacher checks learning of students (e.g. by owastipns, class discussions,

homework questions) + + + + + + + -
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Note: plus (+) means the activity was observed,usit) means the activity was not observed
and plus/minus (¥ the activity was partially obged. ET1, ET2, ET3 and ET4 stand for
experimental class teacher 1, 2, 3, and 4 respalgtil.1 and L2 stand for lesson 1 and 2
respectively.

Some limitations were also observed during the tmalclessons. Due to the high
student’ participation in the experiments and graligrussions, it seemed that, teachers lost
control of time for other parts of the lesson l&gcouraging small-groups to give presentations
to the whole class; making students to comparer thesults; drawing conclusions and
summarizing the concepts learned from the expetisneand in checking student learning.
However, given the lack of practical experience handling active classes, this is not
unexpected. The teachers should also know thatiexged lab teachers encounter this "lack of
control”, but that they regard most of the buzzasypositive. "Real" problems, such as for

example time management will, nevertheless, be lednoetter as both teachers and students

engage in doing more hands-on activities.

Observation in control classes

In the control classes only four lessons were afeskr.e. one observation in each control
class. The results in Table 3 show that, whileoihicing their lessons, teachers tried either to
define the concepts directly or ask oral questi@nsut the topic to students. They also tried to
relate their lessons with previous lessons, andafy lesson objectives. While presenting the
main body of the lesson, the main tasks of thehtetgcwere lecturing and writing notes on the
black board and the main tasks of students wetenlisg and copying the notes. Teachers were
observed circulating around the class to insurscigle’. No hands-on practical activities were

offered to students and their participation wasitkoh to answering orally asked questions in
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between the lectures and written questions givethénform of class work at the end of the

lecture. In general, the climate in the classrowras passive. Because teachers were running the

lessons at their own pace, they were good at magagnd saving time for activities like

checking student learning and summarizing the rpaints of the lesson.

Table 3 results of classroom observation of thérobnlasses

Control class lesson
Curriculum profile observed
CT1 CT2
Introduction to the lesson L1 L2 L1 L2
1. Teacher relates the lesson to previous learning#uéactivities (e.g.t + t +
checking home work)
2. Teacher organizes students for group activities - - - -
3. Teacher introduces the lesson by an activity * - - *
4. Teacher clearly explains objectives of the lesson * + + -
5. Teacher asks group members to share responssgbiitieng activities - - - -
Body of the lesson
6. Teacher demonstrates experiments to students - - - -
7. Students actively participate in doing experiméiitands-on activities - - - -
8. Students work cooperatively in small groups - - - -
9. Teacher circulates among students/groups askingéaimgy questions + + + +
10. Students seek help from the teacher during a@sviti - t - -
11. Students discuss their activities (exercises) ialsgroups * * - -
12 Teacher makes short presentation at different tirdasng the - - - +
activities to help students grasp major concepts
13. Teacher and the students discuss the activitiesr¢ises) as a whole- + + +
class
14 Teacher effectively manages timing of differeni\attes + + + +
Conclusion of the lesson
15 Teacher, together with students draws conclusioo® fthe activity/ - - + t
experiment
16. Teacher helps students to relate the conclusiactofity with theory - - + t
17 Teacher summarizes the main concepts learned freradtivities * * - t
18 Teacher checks learning of students (e.g. by ouestipns, classt + + +

discussions, homework questions)

Note: CT1=control class teacher 1 and CT2= comisds teacher 2
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Comparison of the experimental and control classes

In general, the results of the experimental andtrobrclasses showed significant
differences in the types of classroom activitiesgdent-student and student-teacher interactions,
and teaching styles. In the experimental classedents were active participants; using the
opportunity to carry out a variety of hands-on \dtigs by themselves, discuss in their groups
and to interact with their teachers. On the otlardy in the control classes the information flow
was one-directional. Thus, the classes were tylgitedcher-centered.

Thus, from the results of the classroom observaitois possible to conclude that apart
from the obvious benefit to implement hands-on dsam experiments, this approach also
promoted active learning. The results are condistéh the findings of Mafumiko [37-38] from
Tanzania. Just like us, he observed that this cagpr, as fringe benefit, promoted active

learning.

The impact of the SSC approach on students’ undemahding of chemistry concepts (results
of pre-test and post-test)

To examine whether there was a significant diffeeebetween experimental and control
class students in their academic performance sttiogl to understanding chemistry concepts,
pre- and post-tests were administered to both groData obtained were analysed using the
SPSS (statistical package for social sciences)orefis.0 software. Comparison of the pre-test
scores of the two groups by an independent t-fEsblés 4 and 5) revealed the absence of a
statistically significant difference in the academerformances of the two groups: experimental
group (mean = 7.97, standard deviation = 3.29)trobgroup (mean = 7.82, standard deviation

= 3.56); and the t-value is equal to 0.421 whicls wat significant at P<0.05.
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Table 4 : comparison of the prest scores for experimental and control classesuf
statistics)

The group to whig

the responde Std.

belongs N Mean [Deviation [Std. Error Mean
Pretest result Experimental 188 7.97 3.287 .240

Control 195 7.82 3.561 .255

Table 5 : comparison of the ptest scores for experimental and control grc
(Independent Samples Test)

Levene's
Test fol
Equality of
Variances |[t-test for Equality of Means
Std. 95% Confidenc
Sig. Error Interval of thq
(2-  |Mean |DifferencPifference
F [Sig. |t [df |tailed)|Diff. |e Lower [Upper
PretesEqual 42
t variances |.079(.779 1 381 |.674 |[.148 |.351 -.542 .837
result assumed
Equal
variances n(g '242 280' .674 (.148 |[.350 -.541 .836
assumed

Tables 6 and 7 below show a comparison of the fesstscores for the experimental and
control groups in the chemistry concept understamtizst. The test scores revealed the presence
of a statistically significant difference betwedre tacademic performance of the two groups:
experimental group (mean=13.37, standard deviatioh.52), control group (mean = 9.49,
standard deviation = 4.11); and the t-value is etpu8.51 which was significant at P<0.05. The
mean score of the experimental group was signifigdangher than that of the control group. The
findings show that the SSC hands-on practical diets/could contribute to enhance students’
understanding of chemistry concepts. The findingsia agreement with the results obtained

from classroom observation, and teachers’ and stadevaluations. Furthermore, the findings
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are in line with the findings of other researchég. 24, 30, 32, 37, 38, 40, 52, 53) who
demonstrated that the small-scale/microscale approan enhance students’ understanding of

chemistry concepts; and increase their interesnamti/ation towards the subject.

Table 6: comparison of the pdstst scores for experimental and control groupsufo
statistics)

The group t

which  the

respondent Std.

belongs N Mean |Deviation [Std. Error Meah
Posttest result out cExperimentgl72 13.37 [4.520 .345
25 (total) Control  |185  [9.49  |4.107 302

Table 7: comparison of the ptest scores for experimental and control grc
(Independent Samples Test)

Levene's,
Test fo
Equality
of
Variance
S t-test for Equality of Means
Std. 95% Confideng
Sig. |Mean |Error Interval of  thg
Sig (2- |Differ |Differe |Difference
F o[ |t df tailed)lence |nce Lower|Upper
Poste<Equal
t  variances 2'10 él“ 8'50 355 |.000 [3.886|457 |2.988|a.784
result assumed
Equal
variances nq 8'47 245'2 .000 (3.886(.458 2.98414.787
assumed

Students’ opinions about the SSC approach

Students’ perceptions towards the SSC hands-oviteedi(close-ended questions)
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The close-ended questions were administered tona&ti the perception of students

towards the SSC approach of performing chemistrgdian activities. This part of the

guestionnaire consisted of 14 Likert-type itemshwé scale of 1 to 5 where “1=strongly

disagree”, “2=disagree”,

“3=neutral”’, “4=agree”, dan‘5=strongly agree”.

The

internal

consistency of the items was estimated to be 0@&#npach’s alphap=0.84). Data was

analyzed by computing the means, standard devstand the percentage of students who rated

as “4=agree” or “b=strongly agree” for each of thékert-type items. The results are

summarized in Table 3.4 below

Table 8: Students’ perceptions towards the SSCdiandactivities

Did you feel that the small-scale chemistry picadti Stand.|%  of
activities: N |Ave|Dev. |A/SA
1. Were linked into other parts of chemistry 1443 |0.81 |88
2. Helped you understand more about electrical comdtyct

of solutions of different compounds, electrolysigl aate

of reaction 146 4.7 |0.58 |97
3. Made you feel like learning more about the subject 146 (4.5 |0.67 |94
4. Helped you prepare for other topics in the textidbys) (145 (4.4 |0.84 |88
5. Clarified some of the concepts that you have diffies

with 14514.4 10.80 |88
6. Made you enjoy your chemistry classes 146 |4.5 |0.75 |89
7. Made your head think 145 14,6 |0.69 |96
8. Have given you confidence to carryout experiments b

yourself 14514.7 |0.63 |97
9. Provided you with opportunity to use materials and

equipment 146 |4.7 |0.61 |96
10.Made you feel working like a chemist 145 (4.4 |0.86 |87
11.Made you actively participate in the lesson 146 14.6 |0.69 |95
12 Increased your cooperation and sharing ideas eltbw

students 145145 |0.76 |92
13 Made you feel very responsible about safety |and

environment 145145 |0,75 |94
14.Exposed you to an easier way of doing experiments [143 4,6 (0,55 |97

Note: N: number of respondents per item; Ave: ayerscore per item; %A/AS: percentage of
students who rated as Agree or Strongly Agree.
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As can be seen from the Table 8 about 146 studidats this part of the questionnaire.
The mean scores of the items ranged from 4.3 ah@dd the overall mean was about 4.5. In
general, the very high mean scores with small stahdleviations show that the students’
opinions about the SSC approach were highly pasifihese findings are supported by many
other researchers in similar studies [30, 37, 2855|.

The strong positive perceptions were also refleaétethe high ratings of each of the
items. Most students indicated that performing 8®C hands-on activities by themselves
enhanced their understanding of chemistry conc&i% believe (agree or strongly agree) that
the activities helped them understand more abatdpics (electrolysis and rate of reaction);
88% perceive that the activities helped them gtasbme of the concepts that they had
difficulties with; and 88% felt that the activitiggepare them for other topics in the syllabus. In
addition to this, students believed that the SSittpral activities made them feel like learning
more about chemistry (94%), enjoy chemistry ashkgesti (89%), and feel like a chemist (87%).
Furthermore, most students indicated that the SE&fCtipal activities not only helped them
enhance cooperation with their fellow students (p2%d made them actively participate in the
practical lessons (95%) but also provided them wiith opportunity to use and manipulate
materials and equipment (96%). This is to be exqukbat students were performing the hands-on
activities by themselves in small groups. Anotlesult worth reporting was the great confidence
students got as a result of exposure to SSC apmré@es of them indicated that the SSC hands-

on activities gave them confidence to carry outegxpents by themselves.
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Students’ opinions about the SSC hands-on activitse(open ended questions)
Aspects of the SSC experiments which students likesit

In general, the students who did SSC hands-onipaaeictivities were positive to this
approach. They had actually not conducted any é@xpets before; and most likely any
practicals would have been received with acclamatiudents indicated that their involvement
in the SSC practical activities gave them the oppoty to manipulate materials and learn from
their mistakes. This in turn, students said, bthieir confidence, enhanced their practical skills
and increased their interest towards science iergéand chemistry in particular.

Most students also reported that they liked workimgmall groups. They mentioned that
they were afraid to perform experiments by themeehAt first, some were reluctant even to
touch the materials. However as some group menpuests ahead every group member followed
and fear subdued. In addition, students commefmadthe group work enabled them to share
ideas. A student, for example, expressed his aatieh over the group work saying that ‘the
most joyful was to work in groups helping each othghout fear’.

In addition to this, a majority of the students ti@med that they found the SSC kits and
experiments easy to use and swift to conduct, aatke economical. They liked the way the
materials and chemicals were arranged in the kigbleng them to easily find each apparatus or
chemical without wasting time. The fact that studewere getting positive results from the
experiments also contributed for their positivewitowards the SSC approach. Some of the

positive comments forwarded by students includddhewing;

» Everything was around us. No going here and thiexmeas easy to use and time saving.
* There was no wastage.

* | do not have words, but | want to say it was ealpg.

* |love MyLab.
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Asked which experiments they liked most, majoritygtudents mentioned that they liked
the experiments on electrical conductivity of aquesolutions of compounds and the effect of
catalyst on the rate of a reaction. The most fragteasons mentioned included the setting up of
the experiments was easy, the results (changebgaxperiments were easy to observe, and the
experiments helped them to verify and prove somehef difficult concepts that they had
difficulties with. One student put it like this:

When we react [mix] copper with dilute HCI solutighere was no change. But

there was a change [reaction] when zinc was mixétth WCI; the reaction

between zinc and HCI become even faster when waicbit in the presence of

copper. That means the copper increased the rateeofeaction. Copper as a

catalyst. | like this part very much. ....I was sofoged when | learn [sic.] the

theory on factors affecting the rate of reactiont behen | do it practically,

everything become clear. | investigated myself.

Difference between the SSC practical lessons andetihegular chemistry classes

In general, students mentioned, not surprisinghat they witnessed a big difference
between the SSC based lessons and their regularisthe classes, and commented in favor of
the new approach. They explained that in their lexgohemistry classes they were passive
listeners while the SSC experiments enabled themarctively participate in different activities
including finding the materials from the kits, ssgt up of apparatus, operating the experiments,
observing and reporting results, using the workshesnswering questions, cleaning working
tables and other materials used in the experimentd; arranging all the materials to their
original places in the kit. Clearly not all of thisould give improved results in a typical
"classical chemistry test".

However there is little of the above, which doed fal under an experimentalist's

normal tasks. Therefore in order to transpire pdrithe tacit knowledge of experimental

chemistry, these activities are worthwhile. The §8Qvided an opportunity to read formulas
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and names of chemicals on the vials, to deduceaaapbns of results etc. In short, the students
were active, both manually and mentally, and the@gch made them think chemistry non-stop.

Asked to forward final comments regarding the sraadlle approach of chemistry
practical work, a great majority of the studenteesgted that the SSC approach should be
implemented across all schools in the country. tseggested that a similar approach should
also apply for biology and physics classes. Soman esuggested for production of the kits in
Ethiopia. Though most students were reluctant talicate drawbacks of the SSC
experimentation, a few highlighted problems sucltbiEsmkage of glass materials (e.g. beaker,
test tubes, glass rod), insufficient informatioridoe the start of the experiments, lack of clarity
in some of the instructions (procedure) of the expents, lack of previous practical skill of the
students themselves, that the teachers were mdt@live sufficient support to all groups, some
disorder, fear of chemicals, shortage of chemigalsome experiments, and lack of positive
results in some experiments.

Some of the problems mentioned were a result & Gfcexperience of teachers and
students on chemistry hands-on activities and cbeldmproved overtime as they make more
practice. However, it should be recalled that eladratories prepared to the teeth may not run
smoothly. That experiments seldom are successffitsatattempt must be considered a useful
experience that contributes to a more realisticetstdnding of how science develops. Breakage
of tiny glass materials, fear of some chemicalek laf class discipline etc., for example, will
never be fully avoided. The way out could be to enadvance preparations to tackle the
problems. It is of paramount importance for theostd to have a stock of replacement for
broken/lost/non-functioning equipment or chemicddsf with more experience, less will be

broken.
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Teachers’ evaluation of the SSC approach (intervieyw

The interviews were focused on the two-day SSQitigj the applicability of the SSC
approach in actual lessons and how the approagiedeghe teachers instruct in a student-
centered manner, and what problems were encountésea whole, teachers’ opinions towards
the SSC approach were highly positive. As a restiltheir participation in the two-day’
workshop and in the study in general, teacherstlelt their scope of practical work had been
increased. The new approach enabled them to dtigadawork using minimum resources even
with large number of students, up to fifty studemsen groups. Most of the SSC hands-on
activities can be completed in a shorter time (withe forty minutes class period), which is also
an advantage mentioned by the teachers.

The approach helped the teachers promote activargan their lessons. Timid and shy
students who seldom participated in the regulassela were observed participating in their
groups during the SSC experiments; in particulds’ghvolvement was enhanced. The safe and
easy to use nature of the SSC kits encouragectipation even further. Students were observed
to be highly excited and happy, hardly surprisirgy this study gave the students a first
opportunity to conduct experiments themselves. t€aehers emphasized that the SSC approach
helped the students develop confidence and am‘toaattitude.

All the teachers expressed strong positive viewh vagard to the importance of the SSC
hands-on activities in enhancing students’ practstdls, understanding of concepts and in
developing positive attitudes towards the subjebeknistry). They expected the impact of the
sessions to be long lasting, even having an effie¢he students’ future careers.

With regard to safety and suitability of the SS@rach for use in classrooms, a teacher

put it as follows:
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In the small-scale, my students had to use only serall amounts of chemicals.
They can use proppets and syringes to transfeidggun addition, most of the
apparatus are plastic materials; the reagent batteere very small. Everything
was safe. This gave confidence to me and my ssiteperform the experiments
without fear. Furthermore, in this approach eveigthwas ready; the kits were
compact and portable and contain almost everytlrintpe same box. There is no
wasting time in searching reagents from shelvestores. Solutions were ready.
The manuals give step by step guidance. Everythasgok.

Another teacher also commented that the approadpedheto facilitate students’
understanding of concepts as follows:

Previously when | was teaching the topic of eldgtis (what is electrolysis?

what is cathode? what is anode, what is preferémlischarge etc.,) it was very

difficult for me to transmit my ideas. But using t8SC, it became easy. | was

able to physically show them the anode and theotithstudents were able to see

the flow of electricity [glowing of the LED] andéhreactions [bubbling of gases]

that were taking place at the electrodes by theiked eyes. The same was true

with factors affecting rate of reaction; it wasfditilt for me to convince students

whether ‘a catalyst facilitates a reaction withouhdergoing any change for

itself’. But using the small-scale experimentatistydents had proved that for

themselves. You can see the students becominfaygpy when they confirm the

theory with their own experiment.

Asked to give final comments regarding the SSC @gogh, all teachers strongly
recommended the implementation of the small-sgapecach in their schools and in the country
as a whole. As one of the teachers expressed it,

This SSC approach must be introduced to all schioallse country. | am sure, if

they try it, they will like it.

A number of other studies have reported similaitpesviews of teachers towards the
small-scale approach [e.g. 23, 24, 30, 32, 3758B,Mohamed et al. [30], for example, reported
that teachers strongly supported the approach gdkt it is easier, time saving, can increase

class interactions and can enhance the student&rpwance in various aspects of learning

chemistry.
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No significant problems were reported. The few tegred will necessarily be improved
as both students and teachers make more practice. tdachers experienced problems
identifying some of the equipments in the kit, difilties fitting some of the equipment,
problems cleaning of some of the plastic appardtiesskage problems in some glass equipment,
and problems in getting accurate results. The td@ccurate results were partly due to fact that
the the MyLab kit did not include analytical balarend hence measurement of mass in most of
the experiments was just an estimation. In additoothis, some reactions were too fast to make
accurate observations. Consequently, the results aféected.

Nevertheless, as any experimentalist knows, aceuesults are rarely achieved the first
time, materials break and stains stubbornly per$tst is part and parcel of doing experimental
work — even for SSC. Lack of discipiline, that @®tmuch noise and disorder in the room, was
also reported as a problem. Teachers who have ddharated using an authoritarian style may
avoid engaging students in hands-on practical iievsimply for the discomfort and insecurity
they feel due to the loss of ‘control’ in their st@s. This part of practicals should be addressed

parallel with the training in manipulating the SS€is.

CONCLUSIONS AND RECOMMENDATIONS

This study explored the possibility and effect sfng the SSC approach as a means of
implementing chemistry hands-on practical actigitile Ethiopian secondary classes without the
need for expensive ‘traditional’ laboratories. Gla®m experiences throughout the study period
indicated that the approach was helpful in addngssome of the bottle necks that schools and
teachers face when trying to implement chemistigctcal work. With the SSC MyLab Kkit,

everything the teachers and students needed wérandtand only small amounts of chemicals
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were consumed, reducing thence costs and wastaddition, it was observed that the SSC
approach led to intense interaction both amongthéents themselves and between the students
and the teacher, thereby providing a positive iegrambiance. Indeed, significant difference in
chemistry achievement was observed between theimgrgal group that was taught using the
SSC hands-on approach and the control group thaeittavaght with the traditional approach in
favor of the experimental group (p < 0.05).

Not surprisingly, the teachers and students reghatitie SSC as an effective approach in
teaching and learning chemistry. The teachers tegdhat their participation in the study had
broadened their scope of practical chemistry waordk #at such activities can be performed with
minimum resources. In the teachers’ opinion, theregch allowed students to carry out
experiments by themselves, promoted active learbjngnhancing class interactions, and made
chemistry class interesting and enjoyable. Botleltees and students appreciated that the SSC
was easy to use, safe and less costly.

From the above-mentioned results, it is plausiblednclude that the SSC approach is a
commendable option for the Ethiopian secondary dteyn classes. It may enable
implementation of chemistry practical work by adieg some of bottle necks and thereby
enhancing the quality and relevance of secondagynddtry teaching in the country. However,
the need for good planning and extensive followsugst not be underestimated. Training in the
use of the kit, monitoring the implementation, ¢onbus support to teachers and a steady
system for acquiring spare parts are key factorthénsuccessful implementation of the SSC
approach in schools. In addition, attention shdwdgiven to time allocation, class size, and
workload calculation of science practical classagure work shall focus on familiarizing the

small-scale approach throughout schools and higlaening institutions in the country.
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Appendix 1
Student pre- and post-tests questions

Time allocated: 90 minutes

Name Class and section _Sex age
Part I: Choose the correct answer and circle the téer of your choice (1 mark each)

1.

Solid sodium chloride is a bad conductor of eletiribecause;
A. It contains only molecules
B. It does not possess ions
C. Theionsin it are not free to move
D. It does not contain free molecules
In the electrolysis of sulphuric acid using platmelectrodes
A. Hydrogen is evolved at the cathode
B. Ammonia is produced at the anode
C. Chlorine is obtained at the cathode
D. Sulphur dioxide is produced at the anode
It has been observed that gaseous hydrogen chisradeery poor conductor of electricity
but a solution of hydrogen chloride gas in wategdsd conductor of electricity. This is due
to the fact that
A. Water is good conductor of electricity
B. Hydrogen chloride gas in water solution ionizes
C. A gas is non-conductor but a liquid conducts eleityr
D. None of the above
The aqueous solution of which of the following caapds is decomposed on passing an
electric current?
A. Cane sugar
B. Urea
C. Methanol
D. Potassium iodide
The electric conduction of a salt solution in watepends on the
A. size of its molecules
B. Shape of its molecules
C. Size of solvent molecules
D. Extent of its ionization
The rate of a chemical reaction can be expressed in
A. Grams per mole
B. Energy consumed per mole.
C. Volume of gas evolved per unit time.
D. Moles formed per litre of solution
Consider the following reaction:
2N,05 > ANG, + O,
At a certain temperature the rate of decompositidd,Os is 2.5 x1& mol/s. The rate of
formation of NQ is:
A. 1.0 x10°> mol/s
B. 1.3 x10° mol/s
C. 2.5 x10° mol/s
D. 5.0 x10° mol/s
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8. Consider the following reaction:
CHy + 20, > CO + 2H:0
At a certain temperature, 1.0 mol €id consumed in 4.0 minutes. The rate of produation
H,O is
A. 0.25 mol/min
B. 0.50 mol/min
C. 2.0 mol/min
D. 8.0 mol/min
9. Which combination of factors will affect the ratktbe following reaction?
Zn(s) + 2HCl (aq) - ZnCh (s) + H(g)
A. temperature and surface area only
B. temperature and concentration only
C. concentration and surface area only
D. temperature, concentration and surface area
10. Magnesium metal reacts rapidly with hydrochloricdan an open beaker to produce
agueous magnesium chloride and hydrogen gas. Véhitte following could be used to
measure the rate of this reaction?
A. the volume of the solution
B. the colour of gas produced
C. the concentration of the chloride ion
D. the mass of the beaker and its contents
11.Consider the following factors:
I. Concentration of reactants.
[l. Temperature of reactants.
[ll. Surface area of reactants.
The factors that affect the rate of a chemicaltieadetween two gases are

A. land Il only.

B. land Il only.
C. Il and Il only.
D. I, lland llI

12.To increase the rate of a reaction, there must be
A. A decrease in the frequency of collisions.
B. An increase in the frequency of collisions.
C. A decrease in the frequency of successful collsion
D. An increase in the frequency of successful coltisio

13.Which of the following statements about catalystgue?
A. Catalysts work by increasing the temperature ofélagtion
B. Catalysts can be recovered chemically unchangedthi reaction
C. Catalysts increase the energy required for theticrato take place
D. Catalysts are always powdered solids

14.1f we increase the concentration of a reactant,tWwhappens to the collisions between
particles?
A. There are fewer collisions
B. There are the same number of collisions but theg tess energy
C. There are the same number of collisions but theg naore energy
D. There are more collisions
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15.Why does the rate of reaction increase when powld=sateium carbonate is used instead of
cubes of marble?
A. There is an increase in concentration
B. There is an increase in temperature
C. There is an increase in surface area
D. Powdered calcium carbonate is a catalyst

Part 11: Answer the following questions in the spae provided

16. An aqueous solution that contains positive and tieg#@ns can conduct an electric current.
Write down the chemical formulas for the ions fodhie aqueous solution by the following
compounds. (2 marks)

e.g. NaCl (aq) > Na'(aq) + Cl(aq)

Compounds in aqueous solution The ions formed ireags solution
a)KCl (aq) >

b)NaSQy(aq) >

17.Define electrolysis (1 mark)

18. An experiment was carried out to look at the reschetween magnesium and hydrochloric
acid. The word equation for this reaction is:
Magnesium + Hydrochloric Acied> Magnesium Chloride +Hydrogen
a) What would you observe when this reaction is takitage? (1 mark)

b) Give three ways in which the rate of reaction ccaddncrease(B mark3
i)
1))
iii)
19.You are provided with a piece of zinc metal (zinargile), zinc dust; dilute HCI, ice-bath,
test tubes, water bath, burner. Using the matepiagided, devise an activity to study the
factors affecting the rate of the reaction betweean and dilute HCI (3 marks)

Appendix 2
SSC student worksheet manual (for experiment 1)
Experiment 1: electrical conductivity of ionic compmunds
Objective: To test the electrical conductivity of the aguesakitions of some compounds
Apparatus: MYLAB apparatus stand, water bowl, spatula, 9-Walttery, set of conducting,
wires (connecting wires), battery connection, twpper electrodes, and glass stirring-rod
Chemicals:Distilled water, sodium chloride, copper sulpha@cium chloride, sodium
bicarbonate, iron (1ll) chloride, table sugar,,N&s.
Safety
* Sodium carbonate (N@0Ogy) is an irritant. It is irritating to the eyes. dase of contact
with the eyes, rinse immediately with plenty of eraand seek medical advise.do not
breathe the dust.
» Copper (Il) sulphate (CuSpis harmful if swallowed. It is irritating to eyesmd skin. Do
not breathe the dust.
Procedure
1. Set up the apparatus as shown in the sketch
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Source: MyLab (2012)
Fill the water bowl! with water to the brim
Add four spatulas of NaCl into the water in the @vdiowl and stir it with a glass rod until
the salt dissolves
Follow the steps below (step 5-8) to complete fhy@aeatus setup.
Place two electrodes (copper electrodes) in thenvaatd connect them as shown in the
sketch
Connect the red (positive) conducting wire of tlagtdry connection to the red or positive
terminal of the LED (light emitting diode).
Connect the black (negative) conducting wire oftiattery connection to the end of the
electrode protruding from the water.
Use another separate conducting wire to connedaritleof the other electrode (also
protruding from the water) to the black or negatimeninal of LED. Note your observations
Note: Use the signs of the battery terminals tewmheine which is the positive and which is
the negative electrode in the water bowl
Repeat the experiment using the following compoudustilled water only, sodium
carbonate, copper sulphate, calcium chloride, sodiicarbonate, iron (lll) chloride, table
sugar. Note your observations

Observations and analysis

1.

2.

5.

In step 8 above, what do you observe when you &dke LED? Explain your observation
In step 9 above, the aqueous solutions of someeat@mpounds conduct electricity while
others do not? Explain why.

Classify solutions of these compounds as eleceslghd non-electrolytes

An aqueous solution that contains positive and tiag#ns can conduct an electric current.
Write down the chemical formulas for the ions fodhie aqueous solution by the following
compounds.

e.g. NaCl (aqy> Na'(aq) + Cl(aq)

Compounds in aqueous solution | The ions formed ireags solution
KCl (aq) >

MgCly(aq) >

N&SOy(aq) >

What is an electrolyte?

6.

When is a compound a strong electrolyte and wharc@mpound a weak electrolyte?
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7. Will KCl(aqg), MgClx(aq), and Ng5O, (aq) be strong or weak electrolytes? Explain your
answer.

8. |What do you learn from this experiment? |

Clean up time

MYLAB apparatus Waste disposal

Wash and clean apparatus according to

instructions

Wash test tubes with test tube brush and | Dilute the waste with lots of water before

rinse well. Dry or place upside down in disposing of the waste in the outside

apparatus stand drain or on the ground

Close lids of chemicals properly and put

back in the correct place

Pack set according to packing instructions
WASH HANDS on completion of experiments!!!

Source: MyLab [2012]

Appendix 3: SSC teachers guide manual (for experinm 1)
Experiment 1: electrical conductivity of ionic compunds
Objective: To test the electrical conductivity of the aquesokitions of some compounds
Apparatus: MYLAB apparatus stand, water bowl, spatula, 9-baittery, set of conducting
wires (connecting wires), battery connection, twpper electrodes and glass stirring-rod
Chemicals:Distilled water, sodium chloride, copper sulpha@cium chloride, sodium
bicarbonate, iron (11l) chloride, table sugar,,N&s.
Safety
* Sodium carbonate (N&@0O;y) is an irritant. It is irritating to the eyes. dase of contact
with the eyes, rinse immediately with plenty of eraand seek medical advise.do not
breathe the dust.
» Copper (Il) sulphate (CuSpis harmful if swallowed. It is irritating to eyesd skin. Do
not breathe the dust.
Procedure
1. Set up the apparatus as shown in the sketch

Source: MyLab (2012)
2. Fill the water bowl with water to the brim
3. Add four spatulas of NaCl into the water in the @vdiow! and stir it with a glass rod until
the salt dissolves
4. Follow the steps below (step 5-8) to complete fhasatus setup.

91




AICE, 2014, 4(3), Special Issue (Part 1) ISSN 2227-5835

Place two electrodes (copper electrodes) in thenvaatd connect them as shown in the
sketch

Connect the red (positive) conducting wire of tlagtdry connection to the red or positive
terminal of the LED (light emitting diode).

Connect the black (negative) conducting wire oflihtery connection to the end of the
electrode protruding from the water.

Use another separate conducting wire to connedrttdeof the other electrode (also
protruding from the water) to the black or negatemreninal of LED. Note your observations
Note: Use the signs of the battery terminals temheine which is the positive and which is
the negative electrode in the water bowl

Repeat the experiment using the following compoudusilled water only, sodium
carbonate, copper sulphate, calcium chloride, sodiicarbonate, iron (lll) chloride, table
sugar. Note your observations

Observations and analysis

1.

In step 8 above, what do you observe when you &dke LED? Explain your observation.
The LED burns brightly which shows that an aqueousolution of NaCl conducts
electricity strongly.

In step 9 above, the aqueous solutions of someeat@mpounds conduct electricity while
others do not? Explain why.

Yes, aqueous solutions of sodium carbonate, coppsulphate, calcium chloride,
sodium bicarbonate, iron (Ill) chloride conduct electricity strongly. On the other
hand table sugar do not conduct electricity becauséis a non-ionic compound
Classify solutions of these compounds as eleceslghd non-electrolytes

Electrolytes: aqueous solutions of sodium carbonateopper sulphate, calcium chloride
sodium bicarbonate, iron chloride

Non-electrolyte: aqueous solution of table sugar

An aqueous solution that contains positive and tngéns can conduct an electric current.
Write down the chemical formulas for the ions fodme aqueous solution by the following
compounds.

e.g. NaCl (aq)y> Na'(aq) + Cl(aq)

Compounds in aqueous solution | The ions formed ireags solution
KCI (aq) > K*(aq) + Cl(aq)

MgClx(aq) > Mg*'(ag) + 2CI(aq)

Na,SOs(aq) > 2Na” + SO (aq)

What is an electrolyte?

An electrolyte is a substance that forms ions in war or in the molten state and
therefore an electrolyte can conduct an electric auent.

When is a compound a strong electrolyte and wharc@mpound a weak electrolyte?

A strong electrolyte forms lots of ions in aqueousolution and a weak electrolyte forms
very little ions in aqueous solution

Will KCI(aq), MgCly(aq), and Ng5O; (aq) be strong or weak electrolytes? Explain your
answer.

All of the compound are very soluble in water and ge therefore strong electrolytes.
They form lots of ions in solution.

What do you learn from this experiment?
| You have learned that aqueous solutions of ionic opounds like NaCl conduct]
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electricity while aqueous solutions of covalent copounds like table sugar are non-
electrolytes. The reason is that ionic compounds sBolve in water and produce a lot
of ions. This enables them to be strong conductorsf electricity in their solution

form. On the other hand covalent compounds do no dsolve in water to produce
ions. Hence they do not conduct electricity.

Clean up time

MYLAB apparatus

Waste disposal

Wash and clean apparatus according to
instructions

Wash test tubes with test tube brush and
rinse well. Dry or place upside down in
apparatus stand

Dilute the waste with lots of water befo
disposing of the waste in the outside
drain or on the ground

[€

Close lids of chemicals properly and put
back in the correct place

Pack set according to packing instructions

WASH HANDS on completion of experiments!!!

Source: MyLab [2012]

Appendix 4: List of main apparatus/equipment and clemicals which are required to
perform the mandatory chemistry experiments specigd in the Ethiopian secondary
chemistry syllabus

Apparatus/equipment Chemicals
1 | Beakers of 34 | light bulb 1 | Acetic acid 34 Gentian violet 67 odtum chloride
various sizes
2 | bunsen burner 35 litmus papers 2  Alcohol 35 gipee 68 | sodium
dichromate
3 | Burette 36 | Measuring 3 | aluminium metal 36 graphite 69 Sodium
cylinder hydroxide
4 | carbonrod 37| melting point| 4 | aluminium oxide 37| hexamethylenediamine 70  sodistal
tube
5 | Clamp 38 | nichrome wire| 5| ammonia solutior 38 hexa 71 | sodium peroxide
6 | combustion tube 39| pH meter € Ammonium nitrgte | 3%drochloric acid 72| sodium sulphal
7 | condenser 40| Pipette ammonium 40 | hydrogen gas 73  sodum
phosphate carbonate
8 | conical flask 41 | platinium wire] 8| ammonium 41 | hydrogen peroxide 74 | starch
sulphate solution
9 | Cork 42 | pneumatic 9 Ba(ClO2)2 42| iodine crystals 75 Sulfuric acid
trough (18M)
10 | cotton wool 43 | porcelain 10 barium chloride A3oni(ll) nitrate 76 | Sulphur powder
11 | deflagrating 44 | power supply | 11 | barium nitrate 44  Iron fillings 77 tin metal
spoon (DC)
12 | delivery tube 45| quickfit 12 | barium peroxide 4% iron metal 78  toluene
apparatus
13 | distillation flask 46 | reagent botleg 13 benzene 46 | lead bromide 79| universal
indicator
14 | Doppers 47| round bottom| 14 | Bile 47| lead iodide 80| wooden spirit
flask
15 | dropping funnel 48| rubber tube 15 boiling chips 48 | lead metal 81| yeast
16 | drycells 49 | sand paper 16 bromine water 49 de@tk 82 | zinc metal
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17 | electrodes of 50 | separatory 17 | calcium carbide 50 magnesium metal 83  zinc oxide

different types funnel
18 | electronic balance 51  spatula 18 calcium catieona 51 | magnesium oxide 84  zinc strip
19 | Erlenmeyer flask | 52 | Stand 19| calcium hydroxide 52 magnesium ribbon| 5 |8zinc sulphate

of different sizes
20 | Evaporating dish| 53|  Stirrer 20 calcium metal 5®anganese dioxide
21 | filter funnel 54 | stoppers 21l calcium oxide b4 riolechips
22 | filter paper 55| stopwatch 22  carbon tetrachioficb5 | mercury
23 | forceps 56 | switch 23 cobalt chloride 56 meted r
24 | funnel 57 | testtube 24 | copper carbonate 57 naphtalene

holders
25| gasjar 58| test tube stan ?5 copper metal 5&ic acid
26 | gasjarlid 59| Testtubes 46 copper oxide 59 nelpbthalein
27 | gas syringe 60| Thermomete P7  copper powder 6@tasium thiocynanate
28 | Glassrod 61| tongs 28 copper strip 61 potasshioride
29 | gloves 62 | tripod 29 copper sulphate 62 potassndide
30 | goggles 63| U-tube 30 copper wire 63 Potassium
permanganate

31 | graphite 64 | voltameter 31 cupper chloride 64 silver nitrate

electrodes
32 | insulated electric | 65 | Watch glass 32 Distilled water 65 Sodium acetate

wires
33| ironrod 66 | wire gauze 3B ethanol/alchol 66 wodcarbonate
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ABSTRACT

The Department of Chemistry at the University otitBoAfrica (UNISA) has a proven
track record and culture of research and postgtadstudent training dating back to the
correspondence era. The practice of offering padigate programs in laboratory-based
disciplines within the Open Distance Learning (ODt&9ntext as practiced in UNISA is
discussed in detail. The authors use their expesi¢n shed light on the models that work well

for laboratory-based postgraduate student traimiitgin the ODL framework [AJCE 4(3),
Special Issue, May 2014]
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INTRODUCTION

Universities are uniquely positioned to criticallgvaluate knowledge, challenge
knowledge and extend intellectual boundaries lgcailationally and internationally through
global networks for teaching and research. The@gp#or countries to adopt, disseminate, and
maximize rapid technological advances is dependenthe strength of adequate systems of
tertiary education. Improved and accessible tgrteducation systems can help a developing
country progress toward sustainable achievemeamtsaite critical determinants of a country's
economic growth and standard of living [1]. Ind@at of scientific activity of a nation include:
gross national product and its proportion spentesearch and development. The mid 1990’s
brought a revolution in the history of higher edimma in SA when the Department of Higher
Education (DoHE) changed its focus and funding fdarto fund tertiary institutions based on
student throughput and research outputs than juskest numbers [2]. This paradigm shift
compelled UNISA to be transformed from being a datid teaching institution to become a
research institution with well developed postgradyaograms. Likewise, UNISA evolved from
a correspondence institution to modern day Openabig Learning (ODL) institution with
adequate teaching and research laboratories. OpetanPe Learning (ODL) is a
multidimensional concept aimed at bridging the gapbic, economic, social, and
communication distance between students and thesrsity, students and academics, students

and courseware and students and peers.

Objectives of an ODL institution are:
- To provide education to students deprived of highducation opportunities

including those in employment and adults who weshpgrade their education.
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« To provide equality of education through multi-meediteaching—learning
approach.

- To provide flexibility for enrolment, age of entrghoice of programs, methods of
learning, conduct of examinations and operatiothefprograms

- To promote integration within the educational piekc

- To offer degree programs and non-degree certifipedgrams for the benefit of
the working population

- To make provision for research and disseminatiorkraiwledge amongst the
populace

« To serve as a source of continuing education

ODL is considered nowadays as the most viable marsoadening educational access
while improving the quality of education, advocagtipeer to-peer collaboration and giving the
learners a greater sense of autonomy and respligsitir learning [3]. Although some contact
institutions also have distance learning (DL) pergs at undergraduate and postgraduate levels,
these are restricted to non-laboratory based disegp Available information shows that less
than ten “ODL institutions” in the whole world offeundergraduate chemistry degrees
presumably because of the requirement for routtoess to research laboratories and analytical
facilities. Generally the training of chemists elstawo main categories: professional chemists
and chemical technologists. Chemical technologiststrained mainly through the Universities
of Technology whereas professional chemists ameeiethrough conventional or comprehensive

university programs.
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Direct contact with students forms an integral pafrtany experimental training in
disciplines such as chemistry and the training ireguoutine and sustainable access to adequate
laboratory facilities by students. The nature oérolistry experiments and safety aspects, on the
other hand, require students to have regular mangoand support by the supervisors
throughout the training. UNISA’s Department of Chsiny has a history and culture of research
and postgraduate student training dating back ®01®&t the time the modus operandi was
mainly correspondence which gradually transformedhe now ODL program. The profile of
the students also changed in terms of age and daptigs. Nowadays our programs in
chemistry in both undergraduate and postgraduastsidave relatively younger candidates with
no attachment to industry. The UNISA undergraduetemistry program is structured as
comprising of course work (75%) and laboratory w(2&%). The BSc honours programme, on
the other hand, is structured as a combinatioroafse work (65%) and limited research work
and mini-dissertation/thesis (35%). The course worioth cases may be accomplished in open
distance electronic learning (ODEL) mode while khieoratory component demands a face-to-
face contact and access to a working chemical #bor. The MSc and PhD programs, on the

other hand, are 100% research based and culmmtatdissertations or theses, respectively.

UNISA’'S ADMISSION CRITERIA INTO POSTGRADUATE PROGRA M:

The UNISA chemistry postgraduate studies brochlaarly stipulates that for admission
into Honours BSc degree in chemistry, students nposisess an accredited BSc degree in
chemistry or equivalent qualification (within thagt five years) and a pass of the four third level
chemistry sub-disciplines with a minimum averag®&@¥. For admission into an MSc program

in chemistry a student must possess an honourgel@grchemistry with an average of 60% or
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above. The department may recommend that somedzdadiregister and pass some modules
selected from the honours program. The MSc studyresearch program (100%) and culminates
into a dissertation or thesis and at least one #tdampublication to an accredited chemistry
journal. A student may be admitted into a PhD paogne if he possesses an MSc degree with
an average of 60% and above for his/her MSc th&sis.department may recommend that the
student concurrently register and pass some sdldweours module. The PhD study is a
research program (100%) and culminates with a d&sen and at least one accepted or
published paper and one or two papers submitteddrcedited chemistry journals. In addition to
meeting the minimum requirements for admission Mfc and PhD programs in chemistry, it is
clearly stated in the Department of Chemistry Pastgate Brochures that the student must:
a) have a suitable research topic selected in consuitevith the Department;
b) agree to utilise the laboratory facilities at UNISA have access to a laboratory facility
suitable for the research work envisaged; and
c) select or have access to a suitably qualified sugmaror joint supervisor (with at least a PhD
degree qualification) under whose direct guidaheerésearch work can be carried out.

Final admission into masters and doctoral progratepends on passing research
proposal module. The research proposal module nexjai student to have secured a research
topic and concept paper, research advisor (andigergisor), and a laboratory facility either at
UNISA or accredited laboratory facility which hastie approved by UNISA. This requirement
is easily met by students who are currently employ® chemical industries and higher
institutions of learning. For the other group afd#nts who don’t have access to laboratory and

analytical facilities, the training may be accorspéd on full time basis in the facilities of the
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Department of Chemistry at UNISA. Two types of paigs exist for postgraduate student

training in chemistry within the ODL context, namethe split-site study models and in-house.

Split-site postgraduate training models

The split-site postgraduate student supervisionaisogre applicable to both national and
international students attached to either chemi@hlstry or tertiary institution with entry-level
infrastructure for research. The arrangement maydteeen the academic department and
industry or between two academic departments fmdifferent institutions. In both cases, the
department and student need to be fully aware aiflable expertise and their track record in
student supervision or publication. In principlejist arrangement requires prospective
departments from different institutions to firsterdify their common goals based on their
strengths and weaknesses in terms of human resamdeinfrastructure capacity. Both
participating departments are expected to have uadeginfrastructure for research and to
complement each other in terms of skills and spieet programs. The following issues have to

be agreed upon to launch the program:

The role of the main supervisor and the co supervis
» Shared outputs in terms of publications
» Consumables and equipment of the total cost
» Accommodation, subsistence and travel costs ofarekers visiting a host
institution or country as part of their particigmatiin the project
* Number of exchange visits and duration
The arrangement can be reached with or without mandoum of understanding (MOU)

between participating partners.
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University-industry model

The inception of postgraduate program in chemiatry NISA was based on this model
between the Department of Chemistry and the Codioicthe Scientific and Industrial Research
(CSIR) as well as the Atomic Energy Corporation (A|ow NECSA). The model is still been
continued with SASOL, CSIR, SAPPI, SA Police Forerisaboratory, iThemba Labsgtc, for
BSc honours, MSc and PhD student training. Issueh sas intellectual property, ethical
clearance or joint papers are addressed beforgdheof the project. Under this arrangement, the
student is required to identify a prospective cpesuisor in industry for technical guidance and
support.

The Department of Chemistry at UNISA, on the otiend, appoints a supervisor and the
two advisors work with the student on a concepepap lead to the design of a feasible research
proposal based on literature survey. The studesn #xecutes the laboratory work either in
industry and/ or in the department under full supEson by the co-supervisor or supervisor. The
costs for consumables and for analytical facilitg ancurred by the industrial partner with no
additional payment to the co-supervisor if expentaéwork is carried on the other side. In
some cases, the academic department may providaoadd support in terms of access to
instrumentation or laboratory space and consumakleder this arrangement, the academic
department is responsible for quality assurance asgbssment of the project as well as
accreditation of the degree. This model has beenddo work well for the South African-based
students working in chemical or agrochemical indusas well as the Police Forensic
laboratories with adequate laboratory infrastruetand analytical facility. The students are

required to present seminars (face-to-face or tilhdskype etc) and also submit written reports
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to the department periodically as part of progmessitoring, quality assurance and scientific

information presentation skill development.

Department-Department model

This model involves a mutual cooperation betweenl3ANchemistry department and
another chemistry department locally or abroad.rédspective student is required to identify a
co-supervisor on his/her side and the departmepaiafs an internal supervisor. An agreement
is reached between the two participating departsianterms of shared costs and outputs. Under
this arrangement, the two departments share caihtip of publications, eventhough the
degree is awarded by UNISA. The costs for consuesadéhd for the co-supervisor, on the other
hand, are incurred by the Department of ChemidtiyNISA. The student, on the other hand, is
expected to spend some time in both laboratoriefdads-on experimentation or for access to
appropriate analytical techniques.

This model is also appropriate for academic antirtieal staffs who are permanently
appointed at other institutions locally or abroathwoutine and sustainable access to chemistry
laboratory infrastructure and entry-level analytieility. The model is also applicable for our
own junior academic and laboratory staff pursuimghér studies in the area/s where we lack
capacity. The staff member is encouraged to ragibte degree with UNISA and to identify a
suitable expert elsewhere for possible appointnasnthe main supervisor. A CO-SUpervisor is
then appointed within the department to providelgaoce and technical support to the candidate
throughout the project. The main supervisor is ireguto visit UNISA chemistry department for
discussions with the student and co-supervisomased upon during the initiation phase. This

arrangement should not be confused with externaérsision, which sheds all the mentoring
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responsibilities to an external expert attachedatmther university or industry. External
supervision would probably work well for disciplgs¢hat do not require routine supervision of
the students. Progress monitoring and quality asser are achieved through seminars and

written reports to the department.

University—university model

This involves a collaborative action between th@&tnent of Chemistry at UNISA and
another chemistry department in South Africa oroallr The arrangement usually involves
memorandum of understanding (MOU) between the tertigipating institutions. To lead to a
mutual cooperation (collaboration) and succes#$isfrhodel for masters and doctoral programs,
it is imperative for the cooperating departmentengage first to identify suitable expertise and
common goals based on their strengths and wealsheaséerms of capacity before the
institutions can enter into any agreement. A memawan of understanding acceptable to the
participating institutions and researchers shauhtbe signed and ratified.

UNISA’s experience has shown that a number of igtreernmental attempts to launch
split-site postgraduate programs in laboratory-badisciplines such as chemistry were not
adequately satisfactory. This is because the MOtds fimalized from the top without the
involvement of researchers neglecting crucial oguch as the admission criteria, capacity on
both sidesetc

The MOU'’s for the UNISA-Ethiopia and the UNISA-Umissity of Lagos (UNILAG)
project, for example, were signed before reseasclierm participating departments could
interact (co-option). A perception was created lba other sites that postgraduate chemistry

research can be undertaken through ODL as it idicapye to other non-laboratory based
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disciplines. The misunderstanding of ODL by thesinatories as applied to laboratory-based
sciences created an impression that UNISA coulh tsaveral hundred Ethiopian chemistry
postgraduate students to completion with minimunpeese and short time. The proposed
number of students to be trained far exceeded dted humber of chemistry postgraduates
produced by the 21 South African universities ia $ame period.

The admission criteria and the length of degregnams of South African institutions
differ from those of other countries. Progressiato iMSc degree in Ethiopia, for example,
requires a 3 year bachelor’'s degree whereas wecegpe students to have a BSc (3 years) and
BSc honours (1 year) for possible admission intocNy®gram. The four year degree of most
universities in other African countries, for exampgither incorporates a foundation level in the
1% year or a professional program (teaching/educhtionrelated to chemistry in th& gear. In
our view, the logical progression to the launctsoth split-site program involving programs of
different levels should have involved collaborataaion in the well established course offerings
of UNISA at BSc honours level. UNISA has a welladdished and working model of course
offering and assessment procedures for both seaomergraduate (BSc honours) and
postgraduate training, which could have been edgntb other participating institutions.
Moreover, Unisa has several learning centres abregd the centre in Akaki (Ethiopia) to
facilitate communication (video conferencing, Skygte) and learning.

Individual scientists are the real actors in resdealliances, while institutions play a
secondary role. In institution-initiated alliande®, individual scientists are the key actors while
the institution provides the support required talis an alliance. Often individual scientists are
the initiators of any successful collaborative @tti banking on informal contacts and

acquaintances. However, when alliances stem frdarnral contacts, responsibilities are often
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unclear; and when commitment is uncertain, collabon can become stressful. The
department-industry model involving postgraduatelshts employed in chemical industry is the
only example of split-site model that has provenwork within the ODL context. This is
because the chemical industry is committed towéndscosts for the project, laboratory space
and analytical facility as well as the provision thfe co-supervisor for technical support.
Bureaucracy, issues related to ownership of irdelbd property and organizational culture on
postgraduate student training, on the other haak been found to hamper mutual co-operation
involving academic department—department or unityersniversity postgraduate student
training models. This is also compounded by th& tZccommitment by the counter-partners on
funds for running costs and provision of adequafeastructure for research and postgraduate

student training.

In-house postgraduate training model

Until recently (2012), only the Departments of Cl&ny and Physics had adequate
laboratory infrastructure for research and well eleped postgraduate programs involving
students with access to industrial laboratoriese Department of Higher Education (DoHE)
enacted an act in the late 1990s to allow UNISAofier postgraduate degrees through the
contact mode, a monopoly previously enjoyed by thsidential or contact institutions.
Permission for UNISA to offer in-house postgraduptegrams, on the other hand, led to
increased influx of young students into the sciendée merger of former UNISA Faculty of
Science and Technikon South Africa to comprise rtees comprehensive university offering

degree and diploma programs further placed enorrsivas on the laboratory infrastructure.
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With the goal to become the leading African Uniugrsn the service of humanity
through quality research, UNISA recently erectedoapletely new Science and Technology
campus for research and postgraduate studentnigasti the Florida campus. Moreover, the
University Senate approved the request by the Dmat of Chemistry and related disciplines
to focus largely on the training of postgraduatedshts through the in-house model. The
requirement for the in-house model is that the peosve student must be willing to travel to our
facility and secure accommodation closest to theeusity to facilitate routine and sustainable
access to the laboratory and library facility. Walicontact institutions, UNISA has no
accommodation facility for students. With adequafeastructure in place, the question &w
does UNISA manage to run the in-house postgradsatdent training model with success
without accommodation faciligy

UNISA has established a strategic project ‘Grow iYOwn Timber (GYOT) Project’ to
support the in-house graduate students by offehegh temporary employment on fixed-term
contract as postgraduate assistants to alleviatedbnomic burden of the student. The appointed
candidates, in turn, are required to render serticehe department as tutors, markers or
demonstrators for undergraduate practicals as gfagkill development. With the generous
financial support mechanism in the form of GYOT jpod in place, the responsibility lies with
departments to recruit and admit students intgtstgraduate program. It is to be noted that this
provision does not cater for all of the graduatelshts and some students have to source support
elsewhere.

The prospective student is assigned a supervisibr pvoven track record to supervise
postgraduate students to completion. Joint- orugeesvision of the student’s project is also

encouraged as part of skill development and suiessan. Moreover, joint supervision has
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also been found to circumvent dropout rates dusufmervisor-student relationship or lack of
proper support. Depending on the availability opextise, in some cases the department may
appoint an expert from outside the institution ¢ove as the main or co-supervisor. Technical
support to the student will be provided by the haostitution. Students are required to present
seminars and submit written reports to the departras part of progress monitoring, quality
assurance and scientific information presentatlolh development. The model has been found
to increase the success rate and student througWpjdrity of the in-house trained students are
able to complete their studies within the minimurasgribed period of 2 or 3 years for MSc and

PhD degrees, respectively.

CONCLUSIONS

Direct contact with students forms an integral pafrtany experimental training in
disciplines such as chemistry. The training, ondtreer hand, requires routine and sustainable
access to adequate laboratory facilities by stwdeéftte advent of virtual laboratory programs
has created a perception that laboratory-basedplins such as chemistry could offer
postgraduate programs through ODL mode with limiecho access to laboratory or analytical
facility.

This view led to the creation of generic admisgpaticy for postgraduate studies with
the intent of increasing postgraduate enrolmentirég and presumably at a cheaper cost.
Adequate research infrastructure (laboratory spand analytical equipment), costs for
consumables and analysis (service rendering) aadahility of expertise constitute the main
factors that determine the admission of studentspostgraduate program in chemistry and thus

their success.
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These requirements for postgraduate student tgaimrchemistry within ODL context
are easily fulfilled through the in-house postgr@ustudent training model or the department-
industry collaborative action. The models describedein all emphasize mutual cooperation
between the stake holders. Mutual co-operationesearch is a working relationship which
involves equipment and laboratories as well as mubm@ings. This is because science is no
longer a centralised activity located in a singdlecp, but is dispersed far and wide. Moreover,
scientific activity is an interaction between stists and their socio-technological environment.

Processes such as collaboration are part of ttesaiction, having consequences for the
production of knowledge and the scientific wealth mations. Collaboration, domestic or
international, accelerates scientific growth andamdement. Some of the split site models tend
to fail to achieve the set goals because of sevactdrs as alluded above and the interpretation
of collaboration by various stakeholders. To bdndiily from collaboration, the parties
(individuals, institutions or countries) need tcagk a certain level of scientific absorptive
capacity, including the infrastructure of suppadammunication and research [4]. They need to
have a fair idea about the costs and benefits.oMletis cost—benefit analysis works in multiple
ways; it lends the partners the opportunity to ssste worth of their involvement [5].
Bureaucracy, issues of ownership of intellectuabpprty and different organizational culture on
research tend to impede on mutual co-operationlvingy academic department—department or
university—university postgraduate student traimmgdel. Collaboration, in essence, is between
individuals and not institutions [6].

Understanding the personal components in collalmoras not always easy, however,
prior knowledge about the cultural and attitudidimhensions of academic activity can shed light

on the human side of collaboration [7-8]. Despitavision of adequate laboratory infrastructure
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and analytical facility, venturing into postgradeigirogram in experimental disciplines such as

chemistry through ODL mode is costly in terms afiniing costs and funds for human resource

component. In our view, the models discussed abmayebe adapted to fit the needs of the other

laboratory-based science disciplines that plaretdwre into the business of postgraduate student

training within the ODL context.
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ABSTRACT

The importance of laboratory safety has been razednfor many years in industry.
However, educational and research institutions hmeen slower to adopt such safety practices
and programs. A science program has certain patefdngers. Yet, with careful planning, most
dangers can be avoided in an activity-orientednseerogram. It is essential for all involved in
the science instruction program to develop a pasitapproach to a safe and healthful
environment in the laboratory. Safety and the exgforent of safety regulations and laws in the
laboratory is the responsibility of both the staffd the employees-each assuming his/her share.
Safety and health should be an integral part optaaning, preparation, and implementation of
any science program. Security, on the other hasda itop priority for leading chemical
producers’ and the governmental authorized pe&#sponsible care companies should be
expert in chemical security and work hard to saéeduhe communities. Items discussed in this
paper are thus: Why do we worry about chemicaltgafetundamentals: personnel protection ;
chemical storage: general handling and storagergeamey management; waste management:
what are some strategies to reduce the amountratedioity of chemical waste generated in the
laboratory; risk government strategy; conclusi@CE 4(3), Special Issue, May 2014]
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INTRODUCTION

The importance of laboratory safety has besognized for

many years in industry. However, educational andeaech
institutions have been slower to adopt such sapeactices and
programs.

Security, on the other hand, is a top mgsofor leading
chemical producers. Responsible care companieddsheiexpert in
chemical security and work hard to safeguard theargonities.
Chemical professionals should collaborate with goweents,
national and international chemical organizatiansaise awareness
about chemical security and safety, and to redim risk of

chemical threats.

The relationship between chemical safety and sectyi

Safety is: The control of exposure to potentially hazasiou
substances to attain an acceptably low risk of sxpo

Security is: The preventive measures designed to reducesthef
intentional removal (theft) and misuse of a chemical hazardent

to cause harm.

Risk assessmenis: The identification opreventive measures.

Chemical Safety is the protection against accidents while

Chemical Security is the protection against deliberate harm.

Many practices are the same for chemical safetysmudrity, but
there are a few areas of conflict. The followindl¢a(Table 1)
shows some conflicts between chemical safety andmudal

security:
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Table 1: Some Types of Conflicts between

ISSN 2227-5835

Chemicaafety and Chemical Security:

Safety

Security

Label everything so people can recogn
hazardous chemicals.

izebeling help identified targets for theft
attack.

or

Let community and especially emerge
responders know what chemical dangers

Sharing locations of chemicals can public
atargets for theft or attack.

ize

Share knowledge about chemical hazard
people know to be alert.

sSharing knowledge of chemical haza

could inspire harmful behavior.

rds

People need to be able to leave quickly

viaxits & entrances should be controlled, §

many routes.

50,
2N,

chemicals (or equipments) are not be take

Why do we worry about chemical safety?

Chemicals that are used every day

can be hazardous. Chemicals can be harmful to eh&hhof

the workers. They can be also a threat

workers, the community and to the environment. équel,

safety is the most right thing to do!

considering the safety rules in the beginningasier, cheaper

safer, and it saves you time.

In the following table (Table 2) some common passi

chemical health problem:

in labs andrasto

to the ysafktthe

Anticipatioand

i Tar
F 3 | . i ':I-:iz,.r‘// ﬁrﬁ‘l
L L. B
| -
Table 2: Some Possible Chemical Health Problem
Chemical Diseases Chemicals Diseases
Vinyl . Reprotoxin,
chloride Liver cancer Lead birth defects
Asbestos Mesothelioma| Thalidomide |[Reprotoxin,
Ci13H10N2O,  |Developmental
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Defects
Carbon Hepatotoxin | Methanol Blindiness
tetrachloride
Mercury Neurotoxin, CO, CS Hematopoietic
CNS, narcosis hemoglobin,
cynanosis
But disease depends on many factors:
% Genetics |
%+ Specific chemical
+ Protection controls
% Dose & Duration LY
, W oo
< Concentration ﬂ T
% Life style Y ot
% & Environment

FIRST: LABORATORY CHEMICAL SAFETY

The purpose of achieving the laboratory chemistogmm is to establish uniform, safe
and efficient practices in the laboratories andgsist in the safety instruction of new laboratory
employees. There are general in nature and spgcdblems should be referred to the Chemical
Abuse. It is the policy of the Lab safety is toalbthat is reasonable to prevent injury to persons
and the damage to property and to protect the grapf) facility, patients, the environment, and
the public from injury, fire or other damage.

In order to achieve these goals, the administratioges the active cooperation and
commitment of all departments and employees. Omgdialogue and feedback are encouraged
by labs' management, and they should support safetyram in its promotion of employee.
However, the attitude of the employee is the kenmployees and environmental safety. |If
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he/she is interested and willing to follow the sienpafety rules outlined in this manual, there

will be little chance of injury or damage from migd&being handled in the laboratory.

I. Fundamentals:

Personnel Responsabilités Rules For Safe Practice

A.

>
>
>

Laboratory Staff

Lab staff is expected to obey safety rules.

To report all unsafe conditions.

Each person working with or around chemicals, hgbieen
properly trained and is responsible for remainingua of the
hazards associated with these chemicals and hgrttim in
a safe manner.

If there is any doubt as to the specific hazardstennl to the
proper method of handling, the employee is expettietk

his supervisor for the appropriate information.

Assess the risk by determining the likelihood aodsequences

to allow for strategic decisions on control measure

Ideally we consider elimination or substitutiiist , to remove
the hazard.

A combination of measures might be used basedein th
effectiveness and our ability to use them and raarthem.
Cost versus performance (risk reduction) is impdrta

E.g. a) Describe the work activities: Snorkelingjdentify
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the hazards: shark; c) Determine Risks: shark hiteior drowning.
» The same for chemicals: a) Describe Work Activitiasxing

reactive chemicals; b) Identify Hazards: reactimebmpatible cher

Risks: explosions and/or fire.

B. For All:
+« Do not eat, drink, or smoke or in the lab. m-;
+«+ Do not bring food into the laboratory. 4
¢ Mouth pipetting is forbidden.

+« Wear a full-length, long-sleeved laboratory coatteemical-resistant

apron.

« Wear shoes that adequately cover the whole foatheeled shoes

with non-slip soles are preferable. Do not weadsés) open-toed

shoes, open-backed shoes, or high-heeled shoes liattoratory. — —

« Appropriate gloves are recommended when handliggchamicals.

Be sure that gloves are resistant to the particukgterial being handled.
« When it is not practical to wear gloves, extra cdreuld be taken to

avoid exposure.

¢ On leaving the lab remove your coat and wash yands.

+«+ Cover all cuts, abrasions, open sores and bruigbsmaterproof tape.

+ Read all labels and warning signs.

+« Be acquainted with local procedures in case of éreaccidents;

+«+ Clean up all spills and leakages immediately.

+«» Eye protection must be worn when handling matetieds may splash.
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Employees who wear contact lenses should be awatréumes from
concentrated acids and solvents can cause eyignitand damage

to lenses. Should eye irritation occur, removedésnimmediately

and rinse eyes with clean water.

+« Make Hair tied back, if shoulder length or longer.

« Keep the work area tidy and free of unnecessaripetgnt and
materials.

+«+ Shoes with open toe or open heel are prohibitedl iareas.

% Low heeled, rubber soled shoes constructed of saditerial are

required.

< Do only the authorized work; no horseplay shoakektplace in the laboratory.

C. General Safety Rules:

= Fire Requlations & Extinguishers should be trainedand practiced & rechecked

reqularly.

» Specify required training.
= Laboratory hoodsl/its ventilation are the basisrgfieeering controls. F

= Label all chemical containers.

mIq

= Never someone work alone, especially after hours.

= Specify when eye protection & PPE is required.

=  Specify operations that require hood use.

= Alarm system is well recognized and followed.

Report all injuries, spills, and other releasebafardous materials to the Safety Team.
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D. Personal Protective Equipments (PPE)

PPE includes:

> Eye protection (Goggles),

Gloves,

Laboratory coats... etc.,

Respirators,

YV V VWV VY

Appropriate foot protection

E. Lighting & Noise Levels

Sufficient Lighting: is essential for each working area.

Elevated noise levels. can be a problem:
+ Potential Hazards,
« Examples: bone-cutting saws,
+» Mechanical water aspirators,
pumps.
+ Control Measures.
¢ Inspections, PPE, warning.

< Labels, training.

[I. STORAGE
A) RECOGNITION
I. Chemicals/Lables

ISSN 2227-5835
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-, |
Flammable . Corrosive

Poison @ Radioactive

Explosive Compressed
Gas

Special y Biohazards

Substances Y

li. Chemical Storage: Cryogenics

(A)

+» Store cryogenics (liquid nitrogen & dry ice) sepgahafrom

other chemicals & in well ventilated areas.

+«+ Use proper PPE (including eye protection) when dhag

& moving cryogenics.

+«+ Do not use cryogenics in closed areas.

Exploding liquid nitrogen cylinder ruins lab.
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[ll. EMERGENCY MANAGEMENT

The staff, employee, and workers should consider th
informal and formal guidelines, and the requirerment
Terrorism and vandalism represent a significark tes all

facilities that use or store hazardous chemicalsisl

important to recognize vulnerabilities of your fdagiand do
Common Safety Symbols and warningsvhatever

is necessary to reduce or eliminate risk.

A. GENERAL ASPECTS

Emergency Planning and Response is

Based on Four Principles:
1. Anticipation:It means the emergency planning

and the response.

2. Recognition

3. Evaluation
4. Control

Examples for applying these principles:

+ If people are expected to use extinguishers, they T

must be trained.

¢+ Clearly post each room with emergency phone nusaber
++ And after hours phone numbers/ person(s) to beacted.

« Centrally locate safety showers and eyewashes téauh

employees to properly use the Safety Shower.

«+ Centrally locate spill clean-up Kkits.

+¢+ Clean up spill: only if you know the chemical hatmhay
appropriate equipment and are trained to do so!

IV. WASTE MANAGEMENT

Wastes must be regulated & heavily minimized:

(Incinerateration: “is a waste treatment process”)
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General guiddines: a) Nonhazardous waste:

*

+ Lab wastes are packaged in small containers.
)

¢ Used oil (uncontaminated) is not considered.

hazardous waste Label Containers "USED Ot (lazardous waste).

+ Uncontaminated PPE (gloves, wipes).

+«» Triply rinsed glassware (bottles, droppers, pidtte
+ Secure and lock waste storage area.

b) For Metal’'s Waste

» Certain metals cause disposal problems

When mixed with flammable liquids or other orgalwgids.

>

» Pressure can build up in a waste vessel.
» Corrosion can occur in storage vessel.
>

Secondary containment is necessary

> Glass waste containers can break

c) Medical wastes & Biological Wastes:

> Blood and tissue.

» Sharps —needles, scalpels. 4

» Contaminated glassware, PPE.

> Autoclave or sterilize wastes.

» Each employee should attempt to minimize

wastes generated.

» Do not spill liquids. /N

» Waste Mercury (Hg) Needs Special Treatment:

» Collect pure liquid mercury in a sealable containe
» Label as "MERCURY for Reclamation".
» Place broken thermometers and mercury debristardy

sealable plastic bag, plastic or glass jar.
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Label the container "Hazardous Waste - Hg SPILL".
Never use a regular vacuum to clean up.
Mercury spill -contaminates vacuum, heat evaperHig.

Never use a broom to clean up mercury —

vV V V V V

Spreads smaller beads-contaminates the broom.

DARMOUTH COLLEDGE: Dimethyl-Mercury Poisoning

One of the most tragedy accidents:

Karen Wetterhahn, professor and founding direct@artmouth's Toxic Metals
Research Program & expert in the mechanisms oflnedaity. In 1996, she spilled a few drops
of dimethylmercury on her gloved hand. She cleamedpill Hg immediately, believing that the

Latex glove is protective.

Six months later, she became ill, and died of atide
poisoning at age 48 years. The investigationCmgupational
Safety and Health Administration (OSHA) revealed that there
was another case from Dartmouth/a researcher dieth f

dimethylmercury poisoning in this centu@SHA has proposed
fining Dartmouth $13,500 for: allegedly not providi enough
training to employees, limitations of protectivegts were not

considered, and there was inappropriate and foringav

deficiencies in the laboratory's chemical hygielaap

Environmental Hazards:

California State University, Northridge: Earthquake:

On January 17, 1994 — 4:31 am, an earthquake of
Magnitude 6.7 surprised Epicenter, located a fewfiom
California State University, Northridge campus. &ath,
and 11000 injuries were the victims of the eartlkgua
Several fires in science buildings allowed to bbetause

firemen worried about chemical hazards. It was @ bi

problem as Professors and students lost equipment,

notes, materials, samples.
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Another Big World Chemical Disaster was Bhopal: Pagide Plant

Chemical Release

J.npur
Gmhor. “‘
'Khas Kanp

"IND I A

il 4/

I,,n"} ore

opa fa nc‘t‘"ﬂ

On 1984, Union Carbide plant making Sevin released
40 tonnes of methyl isocyanate in the middle ofrfght. Low
local demand for pesticides meant the plant wag pattially
running. Some hardware was broken or turned offuging 12

safety equipment — Safety measures and equipmerd fae

below normal standards.

The problem was being thBlant
was in heavily populated area. For more
information about The Bhopal disaster and

its consequences: a review, Environ.

Health: A Global Access.
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DELIBRATE HARM
Tokyo, Japan: Hydrogen cyanide attack

On purpose, &arin attack on Judges in Matsumoto,
June 1994 was operated. TBarin sprayedHydrogen
Cyanide from a truck at night: 7 deaths, 144 injuries.

SECOND: SECURITY

Security is a top priority for leading chemical gucers. Responsible care companies
should be expert in chemical security and work hargafeguard the communities. Chemical

professionals should collaborate with governmemtafional and international chemical

organizations to raise awareness about chemical. ——
i }“":-'.- T
I
| &
Government Regulations:Rules and Laws are different fror _—

country to country. E.g. a) the legislation needid fulfill

requirements under the chemical; b) Weapons Coiorerifach

country passes appropriate laws; ¢) Each countrst mheclare and

track certain chemicals. ]'-H f]

Chemical Security Assessment

Characterize chemicals and threats:

a) Evaluate chemical compounds at a facility

(Asset Assessment); b) Evaluate adversaries wiempttto
steal those chemicals or equipment

(Threat Assessment).
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2. Characterize the facility
a) Evaluate the likelihood the facility will be ¢gated;

b) Evaluate the likelihood of &Risk” or anEvent that has consequences.

3. Characterize the risk:

On facing an accident or a disaster, we shouldrahte what is acceptable and what is
unacceptable risks; develop risk statement; asessrisk by determining likelihood and
consequence to allow for strategic decisions ontrabrmeasures; ideally we consider
elimination or substitution first, to remove thezhed. A combination of measures might be used
based on their effectiveness and our ability to tlesm and maintain thenCost versus

performance (risk reduction).

RISK GOVERNMENT STRATEGY

Describe Work Activities

!

Identify Hazards

Revise Activities or Stop l
Determine Risks

Is Risk L,
Acceptable Yes
1 “ l
Prepare Risk Proceed with

Control Plan -
Work Activities

A

Implement Control
Measures

A 4

Review Plan
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CONCLUSIONS

Generally, it is a chain of commands to handle
specific safety/secure responsibilities within tfecility.
Chem. Security, in conjunction with Labs Safety fmea
individual science teachers, holds responsibilitpr f
developing and maintaining a safe working environtrfer
lab workers. Finally, security, the staff & emplegeare one
team, responsible for Secure/Safe Lab.

And finally, together we can design, build, and

operate safe/secure laboratories!

Appendices

1. Figure is a model for the Lab.

ISSN 2227-5835

2. Questionnaire to help in the Inventory, Chemigafety, Chemical Security Issues and the

Assessment Questionnaire Laboratory Safety andriBecu

1. Is your laboratory a safe/secure place to work?

The following Figure is a model for the Lab:
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Non-reactive (plastic) |[Perpetual chem. Inventory system
waste receptacle.

Ceiling-mounted
smoke detectors.
Portable 3- wall-fire

extinguisher, located /F E

near door and arounds. /

-

Approved wooden
inflammable cabinet

-3
|Chem. Stores Area |

Shelves /cabinet firmly

secured to walls to
Posted school safety

prevent "pull over”. - H
" Ipolicy
]

Fire-sprinkler = 1
system w y
Eyewash/Safety

Separate cabinet for
Showers e
hazardous materials. " ~— Chem. Stores Area

T_J- Ll isolated from

wentilation system

Tel. available/emergency use/
emerg. No(s) posted alongside

C

[Store no chemicals on the floor. |

Doors prefer.
in the lab.

Compressed gas
cylinders firmly
chained to wall/upright

position. Self-closing door
return to ensure
containment of fire
»
Ventilation system l ) or fumes.
isolated from the rest

of the building. "gf h q

Ceiling-mounted F’Vocden. polypropylene- lined
a

smoke detector. cid cabinet for acids.

Non-reactive (plastic)
waste receptacles.

The following form has been devised as a Questionina to help in the Inventory, Chemical
Safety, Chemical Security Issues and the Assessmé&puestionnaire Laboratory Safety and
Security. This questionnaire is intended to orienthe assessor to the nature of hazardous
chemical use and control in laboratories at the falbty.

1. Who at the facility is responsible for developmeamplementation, and administration of
programs for compliance with applicable governmiegma company requirements for each
of the following lab chemical safety and securgigues:

1.1. Setting criteria to determine and implement cdntreasures for exposure
reduction in laboratories?
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1.2. Developing experimental protocols and proposingrobmeasures to
reduce potential employee exposures?

1.3 Employee exposure determination/monitoring?

1.3. Identification of select carcinogens, reproductwens, and acutely toxic
chemicals, and maintenance of a chemical invefitory

1.5 Limited access policy, including proceduresining and awareness?

1.6. Ventilation system maintenance?

1.7. Laboratory containment and safety equipment?

1.8. Personal protective equipment?

1.9. Training?

1.10. Hazardous waste?

1.11. Medical surveillance?

1.12. Emergency response?

2.  List the names of laboratory heads/mangers andipghinvestigators, and the names of
lab technicians who have safety and security resipoities. Also indicate who at the
facility is designated the Chemical Safety & Setgu@fficer.

3. Are there job descriptions specifying respoitisés, Yes No N/A
authorities, accountabilities, and measures ofoperance
for each person identified in 1 and 2 above?

4. Are the people identified in 1 and/or 2 abowspomsible
for keeping up-to-date with regulations/guidelines
their respective areas?

5. Does the facility have a lab safety & secucibynmittee?
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5.1 List the members’ names and credentials below:
Member Credentials

5.2 How often does the committee meet?

5.3 What does the committee usually discuss?

6. Briefly describe the major function(s) of tladbratories at the facility and characterize
operations, protocols, assays, etc. by functio

7. List the types of containment and safety eapaipt used at the facility (e.g., chemical
laboratory hoods, biological safety cabinstsety showers, eye wash stations, etc.).

Yes No N/A
8. Are there any areas designated especiallywdok
with particularly hazardous substances?

Locations and operations:

Yes No N/A
9. Does the facility have a lab safety & segumitanual
and/or Chemical Safety & Security plan?
9.1 Who writes and updates this document?

9.2 How often are updates provided?

10. Does the facility have any of its own speqifaticies, procedures, standards or
guidelines pertaining to:
Yes No N/A
10.1 Evaluating chemical hazards?
10.2 Employee exposure duration?
10.3 Labeling hazardous chemicals?
10.4 Receipt, distribution, storage and
inventory of hazardous chemicals?
10.5 Maintenance of (M)SDSs?
10.6  General rules for handling hazardous
chemicals in the lab?
10.7 Housekeeping?
10.8 Transportation of hazardous chemicals
and wastes?
10.9 Limited access policy?
10.10 Installation, certification, testing and main
tenance of ventilation systems and laboratory
containment and safety equipment?
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10.11 Decontamination of equipment, wastes
and/or emergency response?

10.12 Personal protective equipment?

10.13 Hazcom training for non-laboratory personnel?

10.14 Lab safety and security training for
laboratory personnel?

10.15 Training for hazardous chemical emergencies?

10.16 Emergency response?

10.17 Medical surveillance?

10.18 Injury, illness and accident recordkeeping?

10.19 Internal lab safety and security inspections?

Yes No N/A
10.20 Other?

For each of the topics above, indicate whether SOPs
or other written documents have been prepared.

11. Does the facility have an emergency respolse’p
11.1 Does the plan address accidental releases of
hazardous chemicals to the environfhen

11.2. Does the plan address community response?

11.3 Does the plan address achieving awareness
with local authorities?

11.4 Does the plan address programs for achiev-
ing community awareness?

12. Does the facility conduct routine inspections  Yes No N/A
audits/reviews of its operations to ensure compka
with applicable rules and regulations, and paddicie
and procedures?

12.1 Who conducts these reviews?

13. Does the facility maintain files for documergtating to:

Yes No N/A
13.1 Activities of the lab safety and security
committee?

13.2 Standard operating procedures (indicate
topics) and experimental protocols?
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13.3

13.4

13.5

13.6
13.7
13.8
13.9
13.10
13.11
13.12
13.13
13.14
13.15
14.
14.1
15.

15.1

15.2

15.3

15.4

15.5
16.

Name(s) of interviewee(s):

Receipt, distribution, storage and inventory
of hazardous chemicals?

Transportation of hazardous chemicals and
wastes?

Installation, certification, testing and n3ain
tenance of ventilation systems and laboratory
containment and safety equipment?

Yes No
Use and maintenance of personal protective
equipment?

N/A

Hazcom training for non-laboratory personnel?

ISSN 2227-5835

Lab safety and security training for laborgator
personnel?

Emergency plans?
Pre-employment physicals and screening?

Employee exposure mentoring?

Injury, illness, and accident reports?

Internal safety/security inspections?

Insurer reviews?

OSHA inspections?

Is the facility currently under a consent orde
compliance schedule, etc., to comply with regulato
program requirements?

If yes, who is responsible for ensuring coanpde with this order or schedule?

Is training provided to facility personneltive following categories?

Yes
Facility lab health and safety rules includingthods
to detect presence or release drgazs chemicals?

No

N/A

Hazard communication content of CSSP, inolyighhysical
and health hazards of chemicalb@work area?

Proper use of laboratory containment and
safety equipment?

Proper use of personal protective equipment?

Emergencies?

Who receives training in these topics?
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Chemical Safety and Security Officer Training

Useful Websites
Chemical Security Engagement Programhttps://chemsecurity.sandia.gov/

Chemical Safety

“Prudent Practices in the Laboratory: Handling @idposal of Chemicals,” and “Promoting
Chemical Laboratory Safety and Security in DeveigpCountries,” National Academies Press,
2010: English-French-Arabic-Indonesian translations):
http://dels.nas.edu/global/bcst/Chemical-Management

“Safety in Academic Laboratories, Vol.1 & 2,” arfdess is Better,” American Chemical
Society, Washington DC, 2003.

Chemical Security
Organization for the prohibition of chemical weapoifOPCW): https://www.opcw.org/
CWC Implementation Assistance Progrdittp://iap.cwc.gov/
Australia Grouphttp://www.australiagroup.net/en/index.html
UN Security Council Resolution 1540ttp://www.un.org/sc/1540/
“Raising Awareness: Multiple Uses of Chemicals dahd Chemical Weapons Convention”,
IUPAC Project 2005-029-1-050ttp://multiple.kcvs.ca/
“Terrorism and the Chemical Infrastructure: PrategtPeople and Reducing Vulnerabilities”,
National Academy Press, 2006, available online:
http://www.nap.edu/catalog.php?record_id=11597
“Toxic Chemical Agent Safety Standards”, US Departirof the Army Pamphlet 385-61, 2002,
available online at:

http://www.army.mil/usapa/epubs/385_Series_Coltertil.html

Pesticides

“Programmes: International Code of Conduct on th&ribution and Use of Pesticides”, Food
and Agriculture Organization of the United Nations.

http://www.fao.org/DOCREP/005/Y4544E/y4544e00.htm

“The WHO Recommended Classification of Pesticideg Hazard and Guidelines to
Classification, 2004”, updated June 2006:

http://www.who.int/ipcs/publications/pesticides bex rev 3.pdf

“Organochlorine waste management”, Roger Papp, RBufppl. Chem., Vol. 68, No. 9, pp.
1801 -1 808, 1996:

http://old.iupac.org/publications/pac/1996/pdf/680801.pdf
Chemical Waste

“Training Resource Pack for hazardous waste manageim developing economies”, Prepared
by David Wilson, Fritz Balkau and Maggie Thurgoad nternational Solid Waste Association,
United Nations Environment Programme, Division daclinology, Industry and Economics.
UNITED NATIONS PUBLICATION ,ISBN: 92-807-2235-2, 2Q.

http://www.unep.fr/shared/publications/cdrom/312&hu.htm
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“Chemical waste management resources for laboestorNatural Sciences Research Institute,
University of Philippines, Diliman, Quezon Cityndudes chemical safety guidelines and on-
site treatment.

http://www.nsri.upd.edu.ph/CWM/

132




AICE, 2014, 4(3), Special Issue (Part 1) ISSN 2227-5835

MEASURING THE EFFECTS OF CLASS SCHEDULING ON STUDENT
SUCCESS IN SECODARY SCHOOL CHEMISTRY USING CONTENT-
BASED VERSUS LOGICAL THINKING-BASED ONLINE COMMERCI AL
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ABSTRACT

The guiding question of every educational decis®osupposed to be “What is best for
the student?” Many secondary schools have expatedewith a variety of class scheduling
patterns in an effort to maximize teacher expewuisevell as student time and access to courses
mostly relying on anecdotal data to support densioSchools entering the 21st century often
turned to the use of technology as a method torerstudent achievement. This study evaluated
the effectiveness of two commercially availableimalprograms. An online chemistry content-
drill program, Study Islarid, and a Web-based program aiming to improve logltaking
skills, Lumosity™, were considered in this research. These Infoomaand Communication
Technology (ICT) programs were evaluated based A and post-test scores of 74 pre-
Advance Placement (pre-AP) chemistry students erAtherican Chemical Society's California
Chemistry Diagnostic Exam (CA Dx). Also, reportate the results of the effect of class
scheduling versus student achievement on the CAekam after experiencing these brain-
training programgAJCE 4(3), Special Issue, May 2014]
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INTRODUCTION

Learning is a continuous process that is built updor knowledge and results in an
increased understanding of the subject in questlostruction in chemistry usually stresses the
importance of linking prior knowledge with new infioation learned in a classroom [1].
According to Edelson [2], knowledge is not trangedtto others equally; results vary depending
upon the learner’'s prior knowledge and experienegg] desired “rich knowledge” is not
constructed instantaneously rather it is creatednanemental steps where understanding is
gained. There are numerous commercial trainingrnientions claiming to improve general
mental capacity and there is a "widely held betleit commercially available computerized
brain-training programs improve general cognitivedtion in the wider population" but the lack
of empirical support for these claims is sparsd][3-

The one-on-one direct learning mode of a compuiewsrporates the three basic learning
styles (visual, auditory and tactile) with auditoand visualization outputs and physical
manipulations together in a single educational eveAccording to a study published by
Schoenfeld-Tacher, McConnell, and Graham, studemd to be more apt to be on-task and
consequently have a greater chance of successexipeniencing online instruction as compared
to the traditional classroom presentation [5]. c8iWeb-based instruction has advanced to the
point that asynchronous learning (even within iheeframe of a single class period) is easily
accessible, it is now time to evaluate the mosiatiffe use of typical online lecture material and
complementary support material along with how dédivered to students.

This study was designed to compare the effectsifédrent types of online practice
(either logical thinking skills or supplemental ¢emt drill and practice) on student achievement

completed by pre-Advance Placement (pre-AP) cheynsstidents whose classes met on similar
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and different schedules. Academic gains were nmmedsoy evaluating the changes in student

scores on the American Chemical Society's CalitoBiagnostic Exam (CA Dx) Form 1997.

Tools for Information and Communication Technologies (ICT)

Cooper presented the following observations abaihgd homework: positive effects
include content retention, better comprehensioonooicepts, extended problem-solving practice
with improved training of habits, bettered attitadgealing with self-discipline, and improved
curiosity and independence; negative effects irelpdrceived fatigue and pressure, identified
confusion, increased cheating, and potential Idsaterest [6]. Difficulties implementing ICT
in the classroom also include mechanical issueagAlell as lack of congruence with teachers'
instructional practices and philosophies [8].

Success may depend on how instructors perceiveusbeof ICT before they begin
implementation, because most teachers require pifagifident success before they implement a
new pedagogy in their classrooms. Similar obsematas noted above about doing homework
can also be made of using ICT in the classroomlin®nearning in and of itself creates an
environment where students are required to beggaatting in an interactive environment. Being
on-task translates to being engaged with the stbjatter that encourages increased time-on-
task. Instantaneous feedback respects where tdendtis and where the instructor wishes to
take them on an individual basis, but as alwaystwlearned is up to the one that partakes [9].

Online intervention via some sort of "brain traigiins one way to meet the needs of
students on an individual basis. Immediate feeklldaminates why ICT are so advantageous to
students’ understanding and have been proven to gteat promise. The employment of tools

supporting ICT when used appropriately also allbevinstructor more time to work on the areas
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of critical need during the class. Numerous ssiti@ve shown that immediate feedback boosts
the confidence of students [9]. Epstein, Epsteith Brosvic [10] demonstrated that immediate
feedback on academic testing increased retentidncanfidence levels of students. Also from
other studies, lower-achieving students tendedetaonbre apt to stay in classes, as opposed to

dropping or withdrawing, if they have the addedmrpof online homework [11-12].

Brain Training

Providing evidence for the effectiveness of cogeit{often called “brain”) training is a
current research area in need of empirical supp@dgnitive training can be effective and long
lasting. However, there are limiting factors thaist be considered when evaluating the effects
of this training, including individual differences training performance and the effect of
external variables such as of the frequency andtidur of contact [4].

In this study, two commercial online systems weaympared to evaluate of what type of
brain-training, logical thinking or content skilluibding, is better for improving student
achievement. The online brain-training programsduse this study were Study Island©
(studyisland.com) and Lumosity™ (lumosity.com) (Fij. Study Island© was chosen to
enhance students' content knowledge and Lumosityd¥ ehosen to contribute to improving
students' logical-thinking ability both attributesnsidered to be important to student success in

the study of chemistry.
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THE HUMAN
COGNITION PROJECT

Lumosity's Human Cognition Project
revolutionizes our understanding of

the human brain. A :
(. @ Study Island

Figure 1. Logos for brain-training programs usethis study Lumosity™ and Study Island®©.

Overview of Setting and Sample Population

The societal changes of the 1960s in the UniteteSthrought radical changes to the
educational system and many felt that emphasizoigppawork outside of the school day
actually neglected other areas of personal fuléiin[6]. By 1980, technology had begun to
advance rapidly and the public saw a need for grestucational standards and favored teachers
assigning homework [13]. Online homework is knownricrease overall student success by at
least a letter grade when student master theigrassnts at the 90% or higher level [14].

In this study, the brain-training programs (loge®rs in Fig. 1) were used to enhance
student achievement at a high school in north akfigxas (Fig. 2). Denton, Texas (population
of 1.24 million) is home to two universities (TexX&tman's University and the University of
North Texas) and three schools for students atbgngiiades 9-12. The students chosen for this
study attended one of the local secondary schoitihsarpopulation of around 2,000. Forty-two
percent of the students were White, non-Hispaiiice largest ethnic group was that of Hispanic
students composing approximately 37% of the totgdupation. The remaining ethnic groups
were 12% African American, 8% Asian, and 1% clasdifas other (which includes Native

Americans and blended ethnicities). Almost halftlié students (42%) received free and/or
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reduced cost meals on campus. This percentageirgdecator of the portion of students from
low-income families. The participants chosen foiststudy were enrolled in pre-advanced
placement (pre-AP) chemistry classes in grades @fidl were of ages 14-16 years. For the
treatment intervention, the pre-AP chemistry stisl@ompleted 45-minutes per week of class
time (no time outside of class) of online brainniiag from the two chosen online programs:

Study Island© or Lumosity™.
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Figure 2. Location of Denton, Texas, USA.

METHODOLOGY

High school educators have several situations enba as they plan instruction for their
students. Traditionally, high school classes afgeduled to meet five days a week for 55
minutes. Some schools opt to use block schedubngnimic a more typical class schedule
encountered in college, where classes do not tfypiceeet daily. In a block schedule, students
meet for specific classes every other day for 99uteis. Class schedules and assignment of each
student are imposed by school administration (se®erll). Data for this study were gathered

over the 2011-2012 academic school year for thetidents evaluated.
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Table 1. Study Group Descriptions (n = 74)

Brain-Training Number
Groups Class Schedule Event Students Gender
55 Minute Block . o : 0
D55L Meets Every Day Logical-thinking Skills 27 52% female
90 Minute Block , . : 0
A90L Meets Every Other Day Logical-thinking Skills 26 42% female
A90C 90 Minute Block Content Skill Building 21 67% female

Meets Every Other Day

Abbreviations for Groups: D = daily; A = alternadidays; L = logical skill; C = content skill

Research Questions
Student achievement in this study was measuredibgess on the American Chemical
Society Division of Chemical Education's Califorimégnostic Exam (1997) (CA Dx) that has a
national mean (SD) of 20.45 (7.56). Students wgien the CA Dx exam as a pre/post
assessment at the beginning and end of the study.
1. What are the differences in student achievemenheiCalifornia Diagnostic Exam when
students meet every day and used Lumosity™ or estbier day and used Lumosity™?
2. What are the differences in student achievemenherCalifornia Diagnostic Exam when
students have similar schedules meeting every atherand experience different brain-
training programs of Study Island© or Lumosity™?
3. What are the differences in student achievementhenCalifornia Diagnostic Exam
independent of the class scheduled meeting timesnwdtudents used either Study

Island© or Lumosity™?

Instrumentation: Study Island©, Lumosity™ and California Diagnostic Exam
While classroom teachers are not able to dictatesthedule chosen for a school, they do

have the option of determining the type of instirtdl tools that can be used in the classroom.
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Chemistry is a course that requires students teldpvogical-thinking and reasoning skills as
they learn about chemical principles. Therefargyduld stand to reason that practice problems
designed to help students develop their logicalkinig skills would also help them to be
successful in learning chemistry. As previouslgcdssed there are online programs designed
with the emphasis on chemistry concepts as welbragrams with an emphasis on logical-
thinking skills appropriate for students in gra@et2.

Attending to academic tasks is one of the most mapb aspects of learning according to
the Unified Learning Model (ULM) of Shell et al. JL Lumosity™ is part of the Human
Cognition Project. Researchers from Lumos Labsiphbtl the first-ever study demonstrating
that normal, healthy adults could use online cogmitraining to enhance memory and attention
[15]. According to data published in tiMensa Research Journgbarticipants who trained 20
minutes a day for 5 weeks saw an approximate 10@rowement in working memory and
approximately 20% improvement in visual attentiofhe control participants who did not train
did not improve [15].

Study Island®© is an online program intended for usdJSA secondary classrooms.
"Study Island is a leading academic software prewvidf standards-based assessment,
instruction, and test preparation e-learning prowgrd [16]. Study Island© presents interactive
lessons that are personalized for each studeninguidem through the intended curriculum (in
this case for first-year chemistry at the secondahool level) at their own pace. The training
content is intended to prepare students for theofmburse exam in chemistry.

The California Diagnostic Exam (CA Dx) is a 44-qu@s multiple-choice exam
designed to evaluate chemistry content knowledgee CA Dx was administered to each of the

participating sections on two separate occasidrge test was administered prior to completion
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of any online practice to evaluate the amount adrpcontent knowledge of the students. The
second administration of the test was given ateth@ of the term to evaluate any changed in
student content knowledge.
RESULTS AND DISCUSSION
Data Analysis

The scores for the CA Dx were recorded as the nurmbeorrect responses out of 44
guestions for each student on both the pretesttentepeated posttest. The mean pre- and post-
test scores for each group are compiled onto Tabl@he following groups were evaluated to
determine if statistically significant difference®re present at the .05 level: same program with
different schedules, same schedules with diffenertgrams, and comparison of the two
programs overall. Levene’s test for homogeneityafance was used to evaluate the difference
in variances of scores between groups and the amdkgmt samples studetitest used to
compare the mean score of each group. The Levest'and independent samples stutiéest
should not produce statistically significant resuh the pretest because all students participating
in the study are from the same population. Thettpsis values for these tests should be
statistically different for comparisons in whichetireatment has had an impact on student
performance.

Table 2. Raw Score Data for Pre/Post CaliforniggBastic Exam Results (n =74)

Brain-Training Pre-Test Post-Test  Change in
Treatment Groups* Mean (SD) Mean (SD) Raw Score
D55L: Logical Thinking

Meets Every Day 15.19 (5.70) 23.52(7.11) 8.33
A90L: Logical Thinking

Meets Every Other Day
A90C: Content Drill

Meets Every Other Day 12.90 (5.38) 18.42 (5.09) 5.52

*Abbreviations for Groups: D = daily; A = alternagj days; L = logical skill; C = content skill

14.08 (4.19) 17.15 (7.21) 3.07
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Same Program and Different Schedules

Student performance on the pre- and post-testcorapared for students who completed
the brain-training program highlighting skills enggiizing logical thinking (Lumosity™) on
different schedules. For this intervention studesnirolled in sections that met for different
lengths of time and frequencies were evaluatedta fram Table 2 indicate that the students
who were in the class that met every day and redeithe logical-thinking treatment
outperformed the other student group that atterdass every other day and used the same
program. This may indicate that students who wetkifrequent, smaller increments of
instruction have an advantage over instruction ith#&ss frequent. On the average both groups
improved on the posttest with the daily group eitlrig a larger increase: student improvement
by approximately 8 questions for group D55L andapproximately 3 questions for group A90L.
The difference in student performance for thesaugsowas evaluated with Levene’s test of
homogeneity of variance and independent samplegsttitest at the .05 level. These results are
reported in Table 3.

Table 3. Independent SampteBests Comparing Groups who used the Same Prognder u
Different Schedules (n = 74)

Levene’s Test of t-Test for Equality of
D55L vs. A9OL* Homogeneity Means

F Sig. Sig. (Two-tailed)
Pretest 1.596 0.212 0.425
Posttest 0.087 0.770 0.002

*D55L = Meets daily for 55 min. and used Lumosity;
A90L = Alternating days for 90 min. and used L.gity

The difference in student performance on the pretas not statistically significant that
indicates that the two samples were equivalerth@beginning of the study (see Table 3). The
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Levene’s test of homogeneity was not statisticallynificant for the posttest scores but the
independent sampledest for equality of means was statistically siigant. The difference in
the distribution of the scores was not statisticalignificant, but the difference in average
student performance across both groups was statlgtsignificant. On average the section that
met daily for a shorter period of time performedtdreon the posttest than the section that met

less frequently for a longer interval by approxietat questions.

Different Program with Same Type Schedule

Student performance on the pre- and post-testcorapared for students who completed
different brain-training programs and met for theng length of time and frequency. The overall
performance of these groups is reported in Tabl&'He difference in student performance for
these groups was evaluated with Levene’s test aidgeneity of variance and independent
samples studenitest at the .05 level. These results are repontddhble 5. Neither the pretest
or posttest scores showed statistically significhfierences between the groups of students with
similar meeting schedules.

Table 4. Raw Score Data for Students Meeting E@ityer Day and Using Different Brain-
training Programs (n = 74)

Brain-Training Pretest Mean Posttest Change in
Treatment Groups* (SD) Mean (SD) Raw Score
A90L: Logical Thinking

Meets Every Other Day 14.08 (4.19) 17.15(7.21) 3.07
A90C: Content Drill

Meets Every Other Day 12.90 (5.38) 18.42 (5.09) 5.52

*A90L = Alternating days for 90 min., used Lumosity
A90C = Alternating days for 90 min., used Stushahd©

Logical-thinking brain-training group (A90L) had @pximately a 3-question

improvement on the posttest score compared torttegt score. The content-drill brain-training
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group (A90C) had approximately a 6-question improget on the posttest score compared to
the pretest score. The difference in mean stuperformance was not statistically significant
for the pre- and post-tests. Additionally, the &rg’s test of homogeneity was not statistically
significant for the distribution of either set afoses (see Table 5). Overall, the average scores
and distribution of scores for the groups with slhene meeting schedule (A90L and A90C) were

not statistically different from each other despéeeiving different brain-training events.

Table 5. Independent SampleSests Comparing Groups who Used Different Braaining
Programs Under Similar Schedules (n = 74)

Levene’s Test of t-Test for Equality
A90L vs. A90C Homogeneity of Means

F Sig. Sig. (Two-tailed)
Pretest 0.054 0.817 0.405
Posttest 1.914 0.173 0.564

*A90L = Alternate days for 90 min., used Lumosity
A90C = Alternate days for 90 min., used Studgnsi©

Different Programs and Different-type Schedule

The two groups that participated in the brain-irainprogram designed to improve
logical-thinking abilities (D55L and A90L) did netxhibit a statistically significant difference on
the pretest (see Table 3). These two groups werdined to evaluate the difference in student
performance based on patrticipation in the diffef@ain-training programs (logical-thinking vs.
content drill and practice) independent of the fiemaiy and duration of class meetings. The

overall performance of these groups is reportethinle 6.
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Table 6. Raw Score Data for Students in Differerati® Training Groups (n = 74)

Brain-Training Pre-Test Post-Test Change in
Treatment Groups* Mean (SD) Mean (SD) Raw Score
D55L & A90L:

Logical Thinking 14.65 (5.00) 20.40 (7.78) 5.75
A90C:

Content Dril 12.90 (5.38) 18.42 (5.09) 5.34

*D55L and A90L = had different scheduled times &mdjuency and both used Lumosity™;
A90C = Alternating days for 90 min., used Stushahd©

Brain-training groups (D55L and A90L) that expeded logical-thinking skill practice
had approximately a 6-question improvement fromptetest score to the posttest. The brain-
training group that practiced content (A90C) ha8-question improvement from the pre- to
post-test score. The difference in student perémce for these groups on the pre- and post-tests
was evaluated with Levene’s test of homogeneityasiance and independent samples stutdent

test at the .05 level. These results are repamt@dble 7.

Table 7. Independent Sample$ests Comparing Different Treatments Independé@cbedule
(n=74)

D551 & A9OL Levene’s Tegt of t-Test for Equality
Vs, A9OC Homogeneity of Means

' F Sig. Sig. (Two-tailed)
Pretest 0.151 0.699 0.192
Posttest 3.602 0.062 0.245

When the students are grouped based on the beaiAt program used in class, there
was not a statistically significant difference retmeans or the variance of the scores on the pre-

and post-tests at the .05 level. This supportsabelts in Table 5, which also shows that there is

145




AICE, 2014, 4(3), Special Issue (Part 1) ISSN 2227-5835

not a statistically significant difference in stitlgoerformance based on the program used for

instruction.

Limitations

The scheduling and class assignments for this stuehg determined by the school's
administrators, not the researchers. It would Hzeen ideal to have a group of students in the
content-training group that had met every day Ihat mature of the school class assignment
system did not allow for this addition to the studfruture trials for this study will not be
available using the same content drill brain-tr@gni program. Sapling Learning©
(saplinglearning.com) will replace Study Island©ths content drill brain training program in

future trials.

CONCLUSIONS
Impact of Scheduling on Student Succeg®esearch Question 1)

The impact of scheduling on student performancervthe same brain-training program
was assigned was determined by evaluating therelifée in student performance on the pre- and
post-test for the two groups who participated ie tbgical-thinking brain-training program,
D55L and A90L. The change in the mean raw scorge agproximately 8 questions for group
D55L and approximately 3 questions for group A90Lhe variance and mean of the scores
between these two groups were not statisticallgiBognt on the pretest. The difference in the
variance of the scores on the posttest was nastatatly significant. However, the difference in
the mean scores between these two groups on thtegioas statistically significant even

though the overall distribution of scores acrose two groups remained homogeneous.
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Additionally, the statistically significant diffenee in the mean scores on the posttest indicates
that the section that met more frequently for arteaduration, D55L, was more beneficial for

student learning.

Impact of Brain-Training Programs on Student Succes

Same Meeting Schedu{Research Question 2)

The impact of the brain-training programs on stugerformance, when students were
assigned to sections that met for the same duratidrfrequency, was determined by evaluating
the difference in student performance on the preted posttest for the two groups that met for
90 minutes every other day, A90OL and A90C. Théed#inces in the mean and variance of the
scores between these two groups were not staligtgignificant for either the pretest or the
posttest. The overall distribution of scores astb®e two groups remained homogeneous and the
different brain-training programs did not producstatistically significant difference in student

performance.

Independent of Meeting SchedResearch Question 3)

The performance of the two groups that participatetthe logical-thinking brain-training
program, D55L and A90L, were combined and compariéd the performance of the group that
participated in the content drill brain-trainingogram, A90C. This analysis was completed to
further investigate the finding that the brain4tiag programs did not produce a statistically
significant difference in student performance. Thiigerences in the mean and variance of the
scores between these two groups were not staligtgignificant for either the pretest or the

posttest, confirming the results found in the poegianalysis [17].
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The duration and frequency of instruction influeshcéhe progress of students’
performance on the content assessment. Based roentwata, there is not a statistically
significant difference in the two types of intertiens. Therefore, duration and frequency of
instruction were influential on student performaeel the type of brain-training program used

during instructional time did not show a significampact.

Future Recommendations

The ULM promotes three components that underlidestulearning and e-instruction: (1)
prior knowledge is the most predictive element that determinedesits’ success in their current
courses; (2)engagementwith the course's subject matter is also very irgm to success
because if students do not attend to the matdral is required to succeed, they will miss
important information that will limit their successnd (3)motivation that is the driving force
behind how students attend to the subject mat@r Mastery of online content has previously
been defined as correctly completing 90% or morthefexpected content [14, 18].

We propose that future research should not onlgshgate whether cognitive-training
works, but also should determine what training memgis and what training conditions result in
the best transfer effects, investigate the undgglyieural and cognitive mechanisms, and finally,

investigate for whom cognitive training is most fuse
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ABSTRACT

Previous research on left-handedness has mairgy talace in developed countries. This
study aimed at investigating the challenges leftdeal students faced in secondary school
laboratories and how well they coped with the @rales in Kenya. It also sought to find out
whether teachers were aware of the challenges aat velp if nay they gave the students. The
participants were five left-handed science studants their respective subject teachers from a
girls’ school in Kenya. The students were enroliedoractical subjects: Chemistry, Biology,
Physics, Computer studies and Home science. Qtixaditdata was collected through classroom
observations, individual and group discussions Deggealed that left-handed students
experienced challenges generally in school andifgpsly during practical work. These
challenges resulted mainly from having to writg-tef right (handwriting), unfavorable sitting
positions in uncomfortable desks, handling and malating of some apparatus during practical
work among others. These challenges posed mangwvdistages to the students as they reported
inability to finish timed tasks. Majority of theadehers were aware of the students challenges but
gave insufficient help. The school had nothing ilacp for the left-handed students, a
confirmation that like in many parts of the worldft-handedness has never been considered a
special learning need in our context. The conclusibthis study provide evidence that there is
need for Kenya government to rethink her initiadl am-service special education needs’ teacher
training to include a module in left-handednessoider to equip all teachers to be able to
identify and assist left-handed students to ledth lgast difficult. The researcher suggested that
left-handed learners like other mild special ndedsners be added more time during timed tasks
especially the practical papers in KCSE examinatigCE 4(3), Special Issue, May 2014]
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INTRODUCTION

In the Kenyan context like in many parts of the pthe secondary school science
curriculum involves an inclusion of hands-on a¢igs that authenticate and endorse scientific
claims through the collection of scientific dataalysis and make inferences. Students need to
verify that E=mé or determine whether photosynthesis actually tatase in the dark thereby
living through science at first hand and build &to€ personal experiences [1].

According to Tan [2] the benefits of the sciendeolatory have earned it a central and
well defined position in science education. Howewuelless the learners are able in interact with
the apparatus fluidly, what goes on in the labayatoay either contribute little to their learning
science or does not engage them in doing any mgfahiscience [3]. Consequently, laboratory
experiences can be very annoying if students fatexer reason are unable to interact with the
availed apparatus successfully as it can leadnsidas in the laboratory [2]. On the other hand,
when students struggle with apparatus and failogeove, measure and record accurately, this
experience of ‘failure’ can lower their self-esteand self confidence.

In Kenya, the teaching of science requires thahkya choose all or two of the sciences
offered and examined by the Kenya National ExanonatCouncil (KNEC) at the end of form
two. At the end of form four, all students are asse in individual undertakings in the
laboratory in the enrolled science subject. In ptddally 9 points on a 12 point scale and meet
the requirements of the Kenyan universities Joitrwssions Board (JAB), a student must have
scored at least 30% in the practical componenthefdubject. Failure to meet the minimum
requirement means that a student may not joiniogdhs and talent is lost.

Some of the reasons that may make a student nat imeeequirements may be the

presence of a learning disability which may alsespnt a barrier to learning at the same speed as
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his/her peers or worse still the inability to coetpl timed tasks. Failure to complete timed tasks
may not necessarily mean deficient in content kedgé but may include factors intrinsic to the
individual [4]. This may be the case of the lefailad learners.

Left-handed learners due to their affiliations h@eo®r motor skills and are clumsy [5].
This has been explained in part to be due to te@rof right handed instructional resources. In
effect, this use leads to reduced learner outphishnalso lead to a negative attitude towards the

subject and an eventual withdrawal from activeipigdtion in the learning.

Statement of the problem

In situations where the majority of the studentd probably the teacher are right handed,
the presence of a left-handed student may go ueejped. They are subjected to the use of
instructional resources that are not suited tortheasp. It is the use of these right handed
instructional materials that cause challenges fishlnded learners as it makes it difficult for
them to cope with these challenges especially waerying out hands-on activities.

Left-handedness has never been recognized as mlslgacning need the world over.
Therefore, initial teacher training colleges do pagpare teachers to adequately to deal with left-
handedness. Most teachers are not aware of thaierdes and therefore do not offer any help

to assist the learners cope yet this affects tamézs’ gains and attitudes against the subject.

LITERATURE REVIEW

Background to left-handedness: Studies show thHthémders are approximately

between 10% and 13% of the world population. Menraore likely to be left-handed (12.6%)
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compared to women (9.9%). Young people are mosdhiito be left handed (14% for men and
12% for women) than the elderly (nearly 6% for be¢txes) [6].

Despite their presence in our midst and a largegméage of them in our classrooms, the
left-handed are discriminated against in nearly aspects of their lives; from religion to
languages and the everyday tools. The ChristiateBthe Islamic Koran, the Jewish mystical
books (Zohar and Talmud) are all in favor of thghtihand. All blessings and just decisions are
made with the right hand while damnations and dearése from the left hand. In Christianity,
everyday preferences fortify the positive facettlod right and the right hand. The bible, in
particular indicates that Jesus sits at the riginidhof God and is in fact God’s right hand.
Christianity has had wide spread effect on milliahghe world population through history and
therefore potentially strengthens the spread ofigie¢ hand preference.

The long history of language has not spared thenhkided either. The major languages
of the world have ego deflating figures of speech fpr left-handedness. For example, in
French: ‘gauche’ awkward, clumsy; Danishikeijthandet’ cat handed; Italiansimancini’
crooked, maimed; Germandinkisch’ awkward; Russiansina levo’ sneaky; Portuguese:
‘canhoto’ weak, mischievous; Spanishurdo’ malicious and Romanian$fiongo’ crooked, evil
[8]. The Swahili refer to the left-handed‘asgshoto’,to mean abnormal.

Left-handed people therefore grow up in a world ties been taught from near infancy
that being left handed is bad and this may be plassdill formal school starts. Left handedness
is part of a person’s make up and not an inclimatitan can easily be wished away or down
played. Handedness is determined by the brain ahthe hand that and the most flexible hand
is the one that helps the brain and the hand t& voegether for language and writing. Therefore,

forcing a left-handed child to perform a task witle right-hand means they are using the weaker

153




AICE, 2014, 4(3), Special Issue (Part 1) ISSN 2227-5835

and less coordinated hand which eventually makes ttlumsy, ineffective and easily wearing
out [9]. This practice has also been known to ieddgslexia, stuttering and other forms of
motor difficulties in children not to mention teste frustrations and hatred for school and school
work [10] and eventually become introverted [9] daifito make healthy relationships with their
peers as would be expected of a developmental stagfgéld growth. The experience of speech
difficulties may also hinder children from artictifg their responses in class yet a lot of
learning takes place when children are able toesgtheir thinking not only through paper and

pencil but also through speech [11].

Challenges faced by the left-handed

Handwriting: Writing left-to right is a complex activity for éhleft handed children.
They write slowly due to poor pen and paper contvbich causes them to tire easily [5, 9].
Sometimes they may need to lift up their arm mdtenoto see their work and therefore they
may need a longer time to complete timed work.

Technology: this is another area of development that has ibudisregarded the left-
handed. The majority of tools in any technologmadiety are designed for the right-handed and
therefore have inbuilt pro for the right-handed rotree left-handed [12]. When the left handed
are presented with such intrinsically prejudicedlgpthey normally have two options; either
learn to use the tool right handed (awkward antfigient at best) or learn to somehow hold the
tool backwards so that it can be manipulated viighleft hand (often clumsy).

Home science:the apparatus in the home science laboratory nedghie students to
perform tasks using right handed apparatus whictuire a left-to-right wrist turning

movements. For example, a right handed pair oberssas used in home management practical
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lessons has its cutting blades arranged suchhidine being cut along can be seen by the right
handed users. When used by the left handed usersreiy on the left hand for cutting, the
aspect of hand-eye coordination impairment intégigince they cannot see the cutting line.
Extensive use of this apparatus by the left hateigdis to varying levels of discomfort.

Handling of apparatus during practical work: multi-tasking is a common practice in
science laboratories and requires the studentsdapparatus with the right hand supported by
the left hand. Faced with these apparatus thehigfided try to get a comfortable working
position which usually entails moving the apparaiu® shifting so involved may alter the order
of arrangement and probably cause a mix up. Udiegldss coordinated hand to perform the
activities involves flexing the muscles of the weakand and this adaptation takes considerable
time for the students which may obstruct precisgpected of the task [5]. Rulers which many
mathematics and science teachers do not realizegiitehand biased are also other apparatus
that front challenges to the left-handed users.[IBg numbers on a ruler (as left-handers see it)
are on top and read from left to right. Many a sntlieey may use the wrong scale when taking
readings and measurements and this can be a stfunaEcuracy and disappointments.

Shared work stations in schoolssharing work stations and notably so during comput
lessons, a computer mouse on the right hand sidieeo€omputer is quite difficult to use and
may at best reduce them to spectators. Even whegngtt to use the mouse, the keys are made
for the comfortable use by right handers. Logitéels in recent times developed a computer
mouse convenient for the left handed user [13].

Evidently, left-handers’ lives are full of challeegand they are obliged to face more than
their share of difficulties [14]. More often tharotpn right handers do not comprehend the

accommodations the left handers have to make ieraadfit in a world made from up down by
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right handers for the right handers [8]. These atnodations include everything from tying
shoes, opening doors, using can openers, calcsjaising clocks and watches that wind and
move in the wrong direction as well as striking atch to more complex processes like writing
left to right alphabets [14]. They often face salitumiliation, prejudice and discrimination from
the predominantly right-handed society. It is thliscrimination that can sometimes make
students loose buoyancy in themselves and thedrestu

Left handedness and the left-handed seem to hawendvery little attention in the
African context. This has been explained as dueh&o in-built level of tolerance of their
condition and the assimilation with the societyt haraws such little consideration today [10].
Schools appear to have failed to understand anposufeft-handers educational needs [15]. In
so doing, they have deprived them a chance to la¢ thky can be. This anomaly can be traced
to the failure of initial teacher training collegestrain teachers on how to handle left-handed
learners.

It is rather obvious that there is much diversiythe classroom. However, the focus of
this research was to investigate the challengesettbanded children faced while engaging in
practical work in school science laboratories dreltome science room whose settings are right
hand biased and how well they coped with thoselehges. It also sought to find out whether
teachers were aware of the challenges and whattheypgave the students. The main task was
to unearth the emotional content and meaning espdes the everyday occurrences of this
special group of learners. This is a research e inspired by the need to tell the story of

learners whose voices have for a long time beeoréghand/or silenced in our schools.
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METHODOLOGY

In order to understand the challenges and the pidengs of left-handedness in
secondary school science laboratories, a desaiptid exploratory survey research design was
adopted for this study. Data was collected througs$tructured classroom observations, one-on-
one teachers and students’ interviews followeddmu$ group discussions with the left-handed
students.

Three lessons for the study were conducted eachiédwgy, chemistry and physics in
the respective laboratories and one in the homensei room. All the lessons were planned
experiments based on previous term’s examinatidve Materials for common sharing were
made available from the teacher’s bench.

An observation schedule was used to collect thea mathe students natural setting [16]
in order to take detailed summaries of events acaiénts as they occurred in the laboratory
[17]. After the left-handed students were identifley the subject teachers, the researcher carried
out a non-participant whole class observation betfocus was the left handed students. Aspects
like sitting positions, the students level of papation and interaction with the availed apparatus
compared to the right handed and any outstandisigess requiring teacher intervention were
observed.

Face-to-face interview was also carried out with l#ft handed students to ascertain and
validate the observed data. The discussions indgbvebing for elaboration and clarification of
observations [18] and therefore access more infoomaThe discussions were audio recorded,
helping the researcher to develop a free and easwecsational relationship with the
interviewees while the open-ended semi-structuregsipns helped in keeping the interview in

track [17]. Items on cultural attitudes, handwigtirand effectiveness of schools meeting the
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students’ needs, laboratory and practical expeeerand questions that sought to find out the
overall quality of life in the school were include@ihe teachers’ interview guides sought to
establish teachers’ awareness of the challengesttldents faced in the science classrooms and
the help they offered while the principal’s infornraterview sought to find out what the school
had in place for the left-handed learners.

The focus group discussions were done last andhekped the students to stimulate each
others’ thinking [19] and bringing to the fore issuthey may have overlooked during the face to
face interviews, or did not feel comfortable tatikiabout them during the face-to-face interview.

The researcher was keen on looking out for domiaamd conflicts within the group.

Question Data Collection Data Collection
Method Tool
What challenges dp Observations Observation
left-handed students(observation schedule, fieldschedule
experience as they carry guhotes)
practical work in the

laboratories?

records, field notes)

Interviews (audio

Semi-structured
interview guides

Are teachers awar

e

Observations

Observation

of the problems faced b dschedule
left-handed  students |

carrying out practical wor

y(observation schedule, fie
nnotes)
K

and how do they help them Interviews (audig Semi-structured
cope? records, field notes) interview guides
What does the Observations (fileg Unstructured
school have in place to helmotes) observation
meet the unique needs pf
left-handed students? Informal teache Unstructured
interview (field notes interview

Sample and sampling procedures
The school was convenience sampled due to its lpaggrilation, accessibility and

endowment in terms of infrastructure and studentsteachers drawn from across the country.
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A large student body meant a relatively large nunabéeft-handed students from several ethnic
communities. The students were all left-handed giritheir last year of high school and enrolled
in Chemistry, Physics, Biology, Home Science or @atar Studies. The students and their

teachers were purposively sampled.

Approaches to data analysis

Data transcription and analysis commenced righthat start of the study. Emerging
themes from the data were coded to avoid being p&dni20] by the data. All the data was
separated into files; student interviews, teach&rviews and classroom observations to provide
building blocks for further reflection [19]. Thesearcher initial thoughts were inserted against
each ‘interesting’ aspect in different fonts. Teacchwareness and how they helped left-handed

students cope with the challenges were combinedesmbnded to as “teacher awareness”.

FINDINGS

Under this section, the researcher presented tiinfis on challenges left-handed
student participants (coded S1, S2, S3, S4 andf&®d as gathered from the classroom
observations L.Obs (coded L1, L2, L3, L4 and L5}l éime face-to-face interviews (S.Int) with
the participants. Teacher interviews (T.Int) fortmgpant teachers T1, T2 and T3 and teacher

talk (T.talk) for participating teachers T4 and are also discussed.

Classroom observations and student interviews
These views are presented under; cultural attifudasdwriting, sitting arrangements,

shared work stations and multitasking in scienberatories including the home science room.
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Cultural attitudes

The following is a response by S5 on whether shieldeen discouraged from using her

left hand:

Yes... | was discouraged from using my left hand. &@mple when | was a
small child, | was beaten up quite many times tthey [parents] tried to beat me
up to stop me from writing using my left hand ..ngsi for other things and even
when writing with it ... my mother, it's my mum ehl think according to them
they think it's ... the ...what’s the norm ... accordihgn, they thought what is
normal is to use the right hand. They took me tloetor, they even thought | had
eh ... | had a problem but the doctor told them isw&ay for me to keep using
my left hand. ... 1 don’t know, | take it they wegadrant then. ... my relatives,
they, they find it weird [to be left handed]. | doknow if it is positive or
negative. It's like they flinch at the thought adifg left-handed themselves. |
think ... 1 think they think being left handed isadlomen. | don’t know why.
(S.Int)

Form this response, the parents and relatives afi®bot hide the fact that they thought
their daughter was not normal. For this reasory gwaight the services of a doctor in order to
cure their daughter. Forcing her to use the haedwss not comfortable with may have caused
her mild stutter as she tended to repeat theviiostls of her statements. According to T3, S5 was
not very enthusiastic about verbalizing her respsris class.

S2 also gave her opinion on the ability of left theah sStudents to perform physical duties.
She said,

.. especially cutting something even at home yourgieg to cook something

[pause] when am at home they [parents] will thirduywill pour it, [pause]

cutting something .... They tell me to be more chmfthey come and do it for

me. | feel kinda [kind of] low coz [because] maythey will say that if you go

and do this [pause] may be you will be told you’tdp it so you are never sure

whether you are supposed to do or you just leavBdmetimes | do it, yeah, to

see if it will work out, yeah, | do it to provetteem that | can do it... (S.Int)

The two opinions highlight parental and communiggative cultural attitudes towards

left handedness.
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Handwriting

All five participants wrote with their left hand1SS3 and S4 wrote quite fast, had large
handwriting that was both legible and neat. S2 8hdwrote slowly, S2 in order to make the
handwriting legible even to herself and S5 becdasewriting made her smudge her work. S1
and S2 smudged their work too. S5 tended to rubcandel her work a lot because she felt her
letters were not curved the right way. This madevherk both untidy and messy. S2 said that
“when teacher is dictating notes sometimes my deste can help me with her book and write
down or read out ... where have not heard” (S.Intjs™epicts relying on peers for help when

trying to cope with the teachers speed and morkigag note taking in class.

Sitting arrangements/positions

All five students said they preferred sitting oe thft hand side of the classroom, next to
the wall or the left hand side hedge of the lalmgatThis was to avoid the ‘irritating habit’ (S1)
of knocking elbows with those seated on the paicis’ left hand side. In instances when the
preferred sitting position was not available, tlatigipants had to move so as to create ample
space for themselves and others otherwise theytberdiscomfort thereof. According to S5,

.. in class | make sure I'd sit next to the wall vehey left hand will be away

from my desk mate... [on] the left side. ... In clags,... my desk mate we

exchange sides with her. She, she allowed me to ¢fte other side to sit in a

place where | will be comfortable ... but in the dopihall | do not like sitting

with my friends in the table because eh, ... eatiitlg my left and they are using

their right so | tend to be uncomfortable so | stanost of the time, most of the

times | move away ... | feel like am compelled tthbeone to move ... [and] that

way | do not get to be on the wrong side with aey@8.int)

While S1 said that she felt ‘irritated’ that sheultbnot do what others were doing so

effortlessly, S2 said “ sometimes it is like yownpat sit where everybody is, yeah, ... and it
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makes one uncomfortable and you cannot stay ... ddikeahe rest ...” (S.Int). This statement
from S2 came as a result of having been made tcerfrovn her desk by her primary school

teacher with no reasons given for the action.

Shared work stations

Seemingly, the participants were comfortable slgawiork stations as long as there was
enough space for everybody. It however emergedttiegt had to squeeze, turn and position
themselves in order to fit in the provided spacasto participate in class activities comfortably.
Since individual laboratory practical arrangemearts done facing the front of the room and are
mainly placed on the right hand side of the indinall participants said they preferred working
across facing the back of the room. That conseuem¢ant shifting the apparatus to that
location, or moving the apparatus from the rightchaide to the left hand side when the most
preferred option was unattainable. According to ‘S4going to the other side would be easier
but ... | prefer staying where | am so that theydtesis and other students] don’t say that | cheat

[in examinations]. That makes me feel like it igair{ (S.Int).

Handling of apparatus during practical work
Participants claimed that the arrangement of appsaiosed challenges because they had
to shift the provided apparatus or adjust themuibtleir sitting and manipulation preferences.

The challenges faced in the individual subjectsdiseussed in the following sub-section.
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Home science

S1, the only participant enrolled in home sciena& she found using of a pair of
scissors, the tracing wheel, kitchen knives, caaneps and a match box particularly challenging
for her. Activities such as ironing, cutting, hasewing and machine stitching were equally
challenging to her. This was because she was ut@ailéch a long straight lines however much
she tried.

I have this problem of straight lines, | really ¢an. | always draw crooked so

also when | trace down with the tracing wheel Ways comes out crooked. |

don’'t know why. But it just happens. ... and thedsstialways turning ... the

whole body, ... uh, it's tiring! If am stitching Ieflethat it will not be straight. It

just does not come out straight even when am dksgiachine sometimes | have

to redo and redo .... | actually manage to finishwayk but the teacher is always

complaining, straight lines, straight lines! (S)int

Ironing also took a lot of the participant’s tinhis was because she had to first put the
iron down to straighten the garment with the lefbth as well as position herself in a way as to

comfortably iron the garment. She tended to aldd tiee garment very close to her face during

stitching. She reported that this was to allowtbesee the stitching line clearly.

Chemistry

All five participants were enrolled in Chemistry.olever, only S1 and S2 were
observed. During lesson observation L2 taught by 9B took the reagents provided for her
group (the students were put into groups of foarransfer to another container, she poured out
some of it. After collecting more reagents from th&tribution table she failed to stop the watch
on time. Left with no more reagents for the groapcérry out further investigations the group

members redistributed themselves among other groegsuse the teacher had made it clear that
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all groups had only one chance to change reager@$) during the interview, S1 had this to
say;

... titration could be a challenge for me becauserigiyt hand is weak and not

able to control the tap [on the right hand sidetloé burette] with my left hand

and stop a watch with my right hand at the same tim| pressed my finger [to

stop the stop-watch] and it slipped so | did it agand time had elapsed since the

end of the reaction. | don’'t know whether they jgsgomembers] were annoyed

but [sighs] what could | have done, | did not dorit purpose! (S.Int)

S4 said that during titration “I swirl the flasktWwimy right hand and stop the watch with
my left hand. The burette tap is usually on thétrigand side so | have to position myself to
work on it” (S.Int).

Although S2 was able to coordinate her hands, gherted that;

In titration | have to use this hand [shows thehtifpand] to shake the ... may be

contents and you feel as if you are not doinggihtiand you keep on shaking .... |

feel like one hand is heavier than the other andetagmes swirl too hard and end

up pouring the flask contents (S.Int)

In the overall, it appeared that the failure to mesgjuirements of the task made the

students frustrated and the lose confidence in skeéras.

Biology

All students were enrolled in Biology but only Saswbserved in this study. During the
lesson [L5] the students were required to drawbaas drawn by the teacher [T3] on the
chalkboard. In the case of the curve of the rib feathg the student’s right hand side. S5 was
observed doing two diagrams, one facing the rigldat the other facing the left. The one facing
left was later rubbed. For the other facing théatiighe direction of the motion of strokes was

opposite that of the teacher and the rest of thssc{L.Obs). During the interview, S5 said, “I
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tend to change the directions in my drawings ... ys@u can say that | rub a lot too”. S2
rubbed a lot too as she said during the interview.

The two participants said they rubbed because ey compared their work with that
of their peers, it appeared different and thereftivey wanted to change it. S1 said that
“sometimes it is difficult to do things the way thare supposed to be done and you wonder

why” (S.Int).

Physics

When required to swing a pendulum and a stop wadtthe same time, S5 said,

Am not in control because | have to swing it [pdady with my right hand and

stop the watch with my left hand and am not ablmdwe [flex] finger in time so |

usually stop the watch much later (S.Int).

S4 said that she experienced problems doing hamdasks involving the stopwatch
because when she pressed it with her right haneéxinfthger, the finger slipped, thus
compromising the accuracy of her findings and wtiety her final results. S1 on the other hand
said she did not have much of a choice when reduore&lo hands-on activities because, “... if |
don't do it, who will do it for me?” she wonderes5 said she tended to confuse the scale when
using rulers especially in physics laboratory aftdroused the wrong scale.

In the Fleming's left-hand (motdrand right hand (dynamdjules, “I have problems coz
[because] | have to first think, this is my lefindlaand this is my right hand” (S.Int) S4 said while

S5 on whether being left-handed contributed to @b in physics said, “it ... it ... it does

* If the first finger, the central finger and theithb of the right hand are stretched in mutuallypadicular
directions such that the first finger points aldhg direction of the field and the thumb is alohg direction of the
motion of the conductor, then the central fingeuldayive the direction of the induced current (Atib&984,
p.429)

> If the thumb, the first finger and the second éngf the left hand are held pointing at right @sght each other
and the first finger is pointing along a magneiitd and the second finger points in the directibrurrent flow,
then the thumb points in the direction which thadwrctor will tend to move (Abbott, 1984, 449)
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contribute sometimes in my exam coz [because] ..efample when you are told to indicate the
direction of a magnetic field | make the mistakecohfusing my hands” (S.Int)

In summary, handling apparatus and performing hamdsactivities in science
laboratories was challenging to left-handed stusiefis was despite having been introduced to
practical work and handling of apparatus earlyighbtschool. The freedom to consult with the

laboratory technician any time they needed helmdichelp either.

Teacher interviews

In this subsection, teacher interviews are preseateler T1, T2, T3, T4 and T5. The
focus was to detect the teacher’'s awareness efdeiied student’'s challenges during practical
work and what they were doing to help the studardsnd the challenges.

T1: taught both physics and chemistry and was awsat left-handed students faced
challenges. In physics, the challenges were motedmanipulation of some apparatus during
hands-on activities and concepts that required use of a specific hand, for example the
Fleming’s right hand rules. In a bid to make thelwescomfortable during practicals, T1 said,

... left-handed students stand in a particular wag anmetimes they disarrange

apparatus. They also do things in the oppositeatioba from the rest of us, for

example, in instances like drawings which causesblpms to them ... if the
direction of a current in my diagram is from thdt|e¢he student’s would flow

from the right and this would affect hare resufls Ifit).

He further said that “lefties are good in the topit lateral inversion and they have an
advantage over the others” (T.Int). he went on dg that he had realized that left-handed

students experienced difficulties associating theming’s rules with the ‘right’ hand as the

students tended to confuse the hands, “... for timeeyts requiring the use of the right hand,

166




AICE, 2014, 4(3), Special Issue (Part 1) ISSN 2227-5835

they] left-handers] cram because they cannot wserilght hand well yet they have to pass [their
examination] anyway (T. Int).

Writing some of the Greek symbols as is commonhysjrs was also a challenge to the
left-handed students, for example the symbol lan{bdevhich T1 said the students were unable
to write it the right way. He further said thattteinded students also had problems coping with
instructions during examinations because they tmfi@tely confused their right hand side with
the left hand side.

T1 who also taught chemistry said, though in apgareference L2,

In chemistry when they [left-handed students] apeng a practical where they

have to add a substance, stir and time, and theg k@ use two hands, they find it

difficult because they add the substance with ¢ftehland also want to use their

left hand for stopping and starting the stopwat€his takes their time ... in an

examination when we realize that they have prohl@mgeachers, we just leave

them alone because there is nothing we can da(I. |

T1 did not think that left-handed students needeokttreated as special students because
they adjusted on their own and “were doing quitd"vw&. Int).

T2: taught home science and although she was aatr&1 the only participant enrolled
in the subject faced challenges with some apparatiube home science room, she had not
offered any help. T2 did not think S1 needed eattantion in class because the student never
asked for help and she eventually finished herstaskis was despite the possibility that the
students often received help from peers (S. Intxesponse to whether T2 thought being left-
handed hindered S1’s learning in any way she said,

May be when it comes to practical work coz [bechaseetimes even our setting

of exam we only think of the right-handed peoplewen the stitching when we

are saying they do [work] to the left, you know faar, [pause] her left is the

right so | think it may give her some trouble befghe orientates on that. | think

that might take time, [pause] can consume timereesbe puts things together (T.
Int)
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Despite this awareness, there was still nothingasha teacher did because she awaited
the student to come forward and ‘ask’ for help.

T3: taught both biology and chemistry and becamaravhat left-handed students faced
challenges in the laboratory from their drawingsohiteither faced the opposite direction or did
not conform to the norfn In response to what may have triggered the iz that S5 was
left-handed, T3 said,

... am interested in the way they [my students] bwddpencil and how sharp and
the style of starting the diagram. | expect thenstaot from left to right even if

it's a circle but for them [lefties] they start ting from the right towards the left

and that affects the final diagram .... In chemistrgxpect the tap to be opened
by the right hand [pause] and when you find a stiding vice versa then you
want to find out why [long pause] may be its anuaggtion we make that things
should be done in a certain way (T. Int)

T3, a perfectionist of some sort said he had offéoehelp by training the student on how
to draw from left to right since he had realized that left-handed studermtgralins were not
conforming to the norm and this was perhaps “beybed [students] capabilities” (T. Int).

On whether he thought being left-handed hindered I8&rning in any way, he said,

| would not say directly but indirectly [pause] paularly when it comes to
drawing, it does affect their final product ... shaynmave the concept excellently
mastered but presentation on the paper [pause]tipaarly there’s a level of
tolerance | have to give for their [lefties] diagrs ... | mark as per the set
standard marking scheme ... tolerance in terms ofeine of perfection | expect.
This is so as not to stretch her [S1] to a levet glannot attain, | expect her
diagram to this level [shows]. ... | appreciate thésea level of perfection they
[lefties] cannot reach (T.Int).

® The researcher observed this in the biology laboyaluring L5 when S5 drew multiple diagrams facopposite
directions. The one different form the teacher's \\er rubbed (L.Obs).

" This was however not observed during the classroloservation as the participant drew both diagrixora right
to left with the drawings facing opposite directdi..Obs)
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In chemistry, T3 said that the manipulation of appas during hands-on activities was a
major challenge because left-handed students soieethad to first rearrange the apparatus for
comfort. They also preferred working with some app#s over others.

While handling apparatus, T3 said he had takenlitdting’ to left-handed students on
how to arrange and organize apparatus. This, lehsal helped a lot in the left-handed student’s
practical work outcomes. The help offered by T3 wast of his own initiative; he took a keen
interest in each individual student in his classes.

T4: the boarding mistress was in charge of strestun the school said there was no
provision for left-handed students’ needs becatiseré’s nothing wrong with them. They have
learned to cope with what there is” (T.talk). Thgnion was shared by the deputy principal, T5.

T5: the school deputy said that she was aware tivere left-handed students in the
school but she did not know how many they were. Bhened about their presence through
observation as they carried out their duties. Sbefiened that there were no structures
especially meant for left-handed students becausg appeared normal to her. In her opinion,
there was nothing special about left handednessusec‘none of the students had expressed the
need to be treated as such and they were able ge with their condition in the given
circumstances” (T.talk)

Notably, the nature of challenges left-handed sitgléace in the learning institutions
could determine their future career choices. Ia #tudy, S2 opted to do physics instead of home
science because the challenges she experiencennia $cience frustrated her efforts while S1,
despite the challenges, still went ahead with thigext but felt that she did not perform her best
due to the difficulties with the apparatus provid&d also blamed her low performance on the

lack of help from her teacher.
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DISCUSSION AND SUMMARY OF FINDINGS

The study purpose was to investigate the challelefiebanded students face generally in
school and specifically in the school science latmies. It also sought to find out whether
teachers were aware of these challenges and thehesl lend to the students. The findings have
been synthesized from both teacher and studentviewes and classroom observations in
relation to the research questions. The synthesedone under the subheadings; cultural
attitudes, handwriting, sitting preferences, malapon and handling of apparatus and lastly

teacher awareness and preparedness.

Cultural attitudes

Despite a commonly accepted view that prejudicéenag#he left-handed is a thing of the
past [9], left-handers still face a lot of humiiaat from the modern society. In this study, S5’s
parents had to take her to a doctor hoping to detur@’ for her good hand. In the process of
trying to convert her handedness, S1 may have dgedlstuttering, a condition resulting from
being forced to perform tasks with the less coattid hand [9]. As a result, S1's academic
performance may have suffered because as explaynbdr teacher T3, she was not enthusiastic
about verbal responses in class, yet children lbatter when they are able to verbalize their
thinking [11]. S2 implied that her father thoughteswas inefficient in carrying out some
activities in the home as he often offered to adwms (see exact words in the findings section).
The constant reminder by her parents that she dogbé careful when carrying out activities

may have eroded S2’s self esteem to a point shedlidiant to take initiatives for fear of failure.
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Handwriting

Writing left-to-right is a challenge the left-hartlencounter in school. This is because
most of their teachers are right-handed and they mah have any idea on how to train a left-
hander to hold the pencil and tilt the paper/bodkemv writing. The aches reported by the
participant students may have been due to twishieg bodies because of sitting on the ‘wrong
desks’ [12], unfavorable sitting positions [5] asdo having the wrong writing habits. However,
all participants but S2 had very clear handwriti8d. and S5 pressed the pen very hard causing
cramps to their arms and fingers and ultimatelingireasily during note taking [9]. This
eventually made them to sometimes fall behind dlaehier and the rest of the class a reason that
may explain their failure to finish timed tasks

Being left behind and having to copy notes fromeathmay lead to labeling by the same
peers and accusations of being a burden, leadingvémtual withdrawal from active class
participation and therefore limited associatiorisislthis fear of stigmatization that probably
made the participants to say that they had to we&tka hard to catch up with their peers and they
felt obliged to prove their worth. Falling behindet teacher in note taking could also have
affected their class performance since studentsdsp®st of their free time catching up instead
of preparing for their examinations and routinesslassignments and class work. For this reason,
left-handed students may need extra support dtreetdifficulties encountered during writing or

undertaking other tasks within the school.

Sitting preferences
Participants in the study preferred sitting on l#fehand side of the room or at the edge

to avoid knocking elbows with their right-handedtesa Often, they felt obliged to create a
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conducive working environment for themselves arieerst by readily moving more so when the
preferred sitting positions were unavailable or witbeir peers failed to understand their
concerns which resulted in frustrations.

The readiness of left-handed students to creatdarbfor everybody else as depicted by
the participants in the study could have been assalt of pressure and stress of being left
handed. It can have its toll on their self esteenrtiqularly if not recognized, understood and
supported [5]. The provision of a relaxed learnémyironment could be a boost to better results
as opposed to situations where students havegtat“fior space and comfort.

All the participants were interested in class atiéig particularly teacher demonstrations,
both group and individual work. However, individudifferences and preferences came in the
way for them. S1, S2 and S5 preferred positioningntselves on the same side of the
demonstration table as the teacher. S5 said tleawsis able to ‘see things better’ from the
teacher’s side (S.Int).

Left-handedness and left-handed students therefeed not be seen as a single entity.
From the discussion, there were those studentspsdferred seeing things the way they were
(S1, S2, S5) and those who preferred the mirrogen(®3, S4). Standing on the same side as the
demonstrator helped them visualize things as tholeg were seeing the mirror image [12].

In the laboratory, the participants preferred wogkfacing the rest of the class because
“there is more space” (S3). But since they are kmdowvprefer mirror imaging and as T3 said
they are good in the topic on “lateral inversioh’wias possible to be accused of cheating in
examinations. Rather than this accusation or be ageéboasting” (S2), left-handers in this study

said it was better to work uncomfortably than htner grades cancelled by the teacher.
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Manipulation and handling of apparatus

Apparatus in use in the laboratories either reqaiteft-to-right wrist turning or have a
right hand in-built advantage [12] and therefolefehanded student will experience difficulties
working with them. Activities that require the usietwo hands concurrently for example starting
and stopping a stopwatch with one hand while swmigga pendulum with the other, using a
pipette for measuring exact volumes which requlexifig the right hand index finger in
controlling fluid flow, mixing/stirring, swirling ad shaking with the right hand were reported to
be challenging. Since the right hand ‘feels wea#t somehow ineffective” (S2), this results in
clumsiness; a confirmation that left-handed stusleare both clumsy and have poor motor
abilities [5].

Clumsiness and poor motor abilities as observedhguesson observation L2 in the
chemistry laboratory is a ‘costly affair’ for thefi-handed. As evidenced during the lesson, the
group members were forced to redistribute themsahte other groups after their contents were
messed up and stopped the stopwatch at the wnmieg ti

Apparatus such as sewing machines made specificallpanipulation by the right hand
supported by the left hand posed challenges toF8id this participant, she also had problems
using the tracing wheel and making straight lined her stitching and stitching lines came out
crooked “no matter how much I try” (S.Int). Thetcties have to be done in a uni-directional
way, for example, if it is required that stitchirggdone from left-to-right, a student who does it
in the opposite direction is penalized by the examiSadly, left-handed learners will probably
and effortlessly take this direction when doingittséitching. Further, there is a certain tension
that is expected for the stitches. Since the learmdl be using the less coordinated hand, the

stitches are likely to come out loose leading &elof more marks.
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What S1 and her teacher T2 did not realize washéiastitches and stitching lines came
out crooked because of impaired hand-eye coordimaifihe stitching line was obscured by her
left hand since the apparatus was meant for tte hignded user.

Left-handed students will do things in the way tlestis most natural for them until they
‘remember’ to change as was observed with S5 durgShe first drew the rib facing the left
hand side until she remembered the requirementseofask. These accommodations are time
consuming and especially so in examination sitaatiwwhen they fail to follow instructions.

The tendency to compare their work with the righhded peers is a signal that they
probably feel inadequate and may use the rightd@naork as ‘yard sticks’ for excellence and

when they fail to measure up, they may lack sdkera and self-confidence.

Teacher awareness

While the teachers were aware of the challenge=dfay the left-handed students in the
classes, majority of the teachers left the studentéeal with the challenges on their own. The
students on the other hand preferred talking to fesers about their challenges in the hope of
solving their problems “without much fuss” (S.InfJhis consciousness saturation and the
intrinsic acceptance of their condition (left-haddess), the students may have failed to see the
need to ask for help from their teachers, for e reason the teachers did not offer the help.

T1 was aware that left-handed students faced ciggke But although he understood that
in the laboratory the left-handed students hadstarid in a particular way” (T.Int), he did not
offer any help and left the student to deal with thallenge on their own. In Physics too, he also

knew that they had problems associating the Flemsinges with the ‘right’ hand as well as
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following directions and instructions. His assaridherefore depicted an awareness that did not
match the help offered.

T2 was equally aware that S1 had problems in tiense room and especially while
using a pair of scissors and stitching along sttaliges. Since the student did not ask for help
and that “she eventually finishes her work” (T.Jribje teacher, T2 did not think S1 needed extra
help. For that reason, she left the student tow#hlthe challenge the best way she knew how.

T3 had taken an initiative to train his left-hand&gdlogy students on how to draw (refer
to previous section). While this evidenced his amass of the challenges encountered by S5
while drawing, he had no record of previous tragnin special education. Evidently therefore,
teachers’ intuitive practices and training (or laxfkit) could shape their classroom practices a
great deal. T3 was guided by his interaction wiih $tudents and his interest in their work.
Though the relationship between training and pecastimay be distorted, there is a high chance
of inclusion if teachers enlarged their perspesti@ed gave each student a chance to be.

Contrary to the science subjects’ teachers, theatgiggincipal and the boarding mistress
had similar assertions that revealed their unavem®rof the challenges left-handed students
faced during learning. The deputy principal, whosvis@rself a teacher of Biology in the school
said that “left-handedness is not a special legrneed and none of the students has expressed
the need to be treated as such, they [left-handgespble to cope with their condition in the
given circumstances” (T.talk). The boarding misires the other hand said that “there is nothing
wrong with them [left-handers] because they haaenled to cope with what there is” (T.talk).
Such views by the school administration could tfoeee explain the absence of structures to
support left-handed students. The particular emiphthat there was nothing wrong with being

left-handed was a confirmation that left-handedimes®t seen as a special learning need.
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In summary, the findings in this study seem to ewm@e that handwriting; school
structures, handling and manipulation of laboratmyipment and time taken by students as they
struggle with apparatus pose the main challengihdmded students have to deal with in
school. Also, negative cultural attitudes towarelt-handedness and the left-handed have their
subtle way of affecting learning outcomes.

In this section, | have presented a summary offikedings with particularly mention of
the challenges left-handers experience in carrguigpractical work and the teacher awareness
of the said challenges and what help they givéhénmnext section, | have concluded the study by
giving an overview of what findings signify as fas the way forward on how teachers, schools

and educators can be involved in making the lefided students learn with least discomfort.

CONCLUSIONS

In this section, the researcher looks at what theelaisions imply for policy. It is hoped
that the suggested way forward would help shapeadis way of handling children with
special learning needs generally and specificéléyleft-handed for a fully inclusive classroom
and in tandem with EFA goals.

The findings from this study point to the fact tHeft-handed students experience
numerous challenges in school generally and spatlifi in the science laboratories. The
findings also confirm that teachers are aware efdfallenges faced by the left-handed learners
in school and in the classrooms. However, theyreffansufficient help. Since the participant
teachers got their training in Kenya, these findisgrve to confirm that initial teacher training

colleges do not train teachers on handling leftdeaimess in the classroom.
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The findings in this study, conducted in a develgpcountry, correspond to similar
findings in developed countries in previous stud@&1-23). It therefore seems that left-handed
children experience challenges the world over. Pphaeticipants in this study were from a
national school (high academic achievers). Thelehgés they experienced like their inability to
complete timed tasks and handling and manipulatiolaboratory apparatus adequately due to
their special learning need can only mean thatrdéfiehanded students in less endowed schools
and with lower academic ability could be facingi®es problems. The findings in the study
therefore make it possible to make certain suggestio ease the challenges the left-handed

students face in classrooms and laboratories.

Learning hands-on

Left-handed students need to be given more timerder to compensate for time spent
making the necessary adjustments and accommodalibrssway they will be able to complete
the timed tasks therefore building their self-cdefice and self-esteem. This way their gifting in
the sciences, arts and mathematics due to theireséigl nature of processing information [24]

could easily be tapped if placed in non-threatet@&agning environments.

Handwriting

Training a left-handed learner how to write frorft k® right by a right-handed teacher
who had never been trained on how to do it coulchmdlenging to both the teacher and the
learner. The learner ought to be advised to hatdodm slightly higher up the shaft than a right-
handed learner as this helps them to see whatattegewriting and do not have to bend over their

work, thereby avoiding a possible back, neck, siterubnd hand aches. The book can also be
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tilted approximately 9to the right so as to allow strokes to be made botlihe flat and the

sloping desk. Teachers should be made aware ofebe to encourage such students to sit with
their bodies turned slightly to the right so aslow greater freedom for movement to avoid the
aches and fatigue coursed by using the wrong fumnitStudents can also be introduced to word
processing which is less demanding on their writiegds. This approach would however work

in schools which have computers or parents camdaféptops for their children.

Sitting positions

Left-handed students need to be discouraged fratmgsiwith their bodies twisted or
from bending over their work. The lighting in theoms should also be in such a way that does
not cast shadows over their work as they writdeftfthanded students were allowed to sit or
stand where they preferred to during class or tialskg would ease their discomfort a great deal.

It would also help to safe some time taken durimffing.

The role of teacher education and in-service progrmas in teacher awareness

Participant teachers, although they were all tdhimed qualified did not seem to
understand the needs of left-handed studentsthergfore imperative that all teachers are made
aware of the special needs of the left-handed vwaaremess that ought to cut across all teacher
training institutions from early childhood to theiversities so that as the left-handed children
exit from pre-primary to primary and later secorydschool, they are psychologically aware of
their unique needs and they can learn to adapt beéter. There is therefore the need of a
paradigm shift in the training of teachers becaesehers in this study were not unique to the

school. The government through the ministry of edioo, science and technology could review
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the teachers’ training curriculum and include a oledon recognizing and handling special
needs cases in class. This empowers teacher itifydeg left-handed children and mediating
using effective measures with corrective technigueish may help improve performance.

First and foremost, left-handedness ought to begmized as a special learning need at
least based on this study findings. Although KIS ktarted school based in-service courses for
special needs education trainees, left-handednassat recognized as a special learning need.
The ministry could supplement KISE’s efforts by amgzing courses at both local and national
levels for all teachers with a specific target ahdling children with special learning needs and
tapping in to the experience of regular teacherugh reflective practice.

Awareness programs aimed at changing the attitaigarents and peers are also very
necessary. This would help at educating the comiyiwomn the unique needs of left-handed
children and the challenges they face in schoalk Thn successfully be done through the help
of resource persons, symposia, teach yourselfeksafind persuasive appeals involving mass

media.

Resources

As evidenced in this study, resources need to ¢ateghe needs of all children through
the provision of the minimum requirements

This research was carried out in a girls’ only ibngibn with a sample of only five girls
and only looked at the challenges they faced. Euntsearch with older participants and across
gender would be appropriate to determine whethersdime or similar challenges are faced by

the students.
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ABSTRACT

The purpose of this workshop is to equip chemistiycators with practical activities and
logistical training to incorporate Information a@dmmunication Technologies (ICT) into their
chemistry curriculum. During this workshop, pagants will gain hands-on experience using
technology such as iPads and a variety of intesfacel sensors (probes) bundled with computer-
based activities for chemistry and general scienParticipants will gain familiarity with the
general chemistry modules, learn about logistidated to implementation, and develop new
activities for future usgAJCE 4(3), Special Issue, May 2014]
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INTRODUCTION

“We need to understand the learning needs anerdift learning styles of our students to
equip them to contribute to using the tools of cisty to improve the human condition and that
of our environment, and to help each one of thedetstand the crucial role that chemistry plays
in our lives” [1]. However, learning will not happeintil the learner is engaged with the subject
matter that the instructor intends. The imporfactors that must always be taken into account
when teaching all subjects are (a) what the leaahtendy knows, (b) the abilities of the learner,
and (c) the motivation of the learner [2]. Promiglistudents with activities that are appropriate
for their ability and encourage engagement willinade them to learn. The old Chinese proverb

remains appropriate for today's classroom and stade

Tell me, I'll forget.
Show me, I'll remember.
Involve me, I'll understand.
Chinese Confucian philosopher Xunzi (312-230 BC)

Objectives

This workshop was intended to involve the partinigawith the iPad, which is one of the
latest Informational and Communications Technold@) tools developed to involve students
with their lessons. Technology is today's majok linetween pedagogy and current, ever-
evolving content. With the ability to individualiZzestruction, provide immediate feedback, and
incorporate the three basic learning styles (visaatitory and tactile) with auditory output,

visualization, and manipulation together in a sngtlucational event, the iPad serves well to

engage learners. According to a study [3], stigléanhd to be more apt to be on-task and
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consequently have a greater chance of successexpeniencing online instruction as compared
to the traditional classroom presentation.

In this workshop iPad activities were demonstratea classroom setting. The overall
objective was to use ICT procedures, including iBpds and the use of Pasco® probeware to
collect laboratory data to further develop new peadized activities for future use of the iPad.
Global Learning Objectives:

a) Use ICT to promote and conduct laboratory investiggs on a variety of topics
appropriate for introductory-level chemistry.

b) Use ICT to collect and organize qualitative andrjisative data and make measurements
with accuracy and precision using tools such ag-dallecting sensors (probes).

c) Use ICT to identify and explain the process of mamand writing ionic compounds
containing main group or transition metals, covalmmpounds, acids, and bases, using
IUPAC nomenclature rules.

d) Modify classroom modules for demonstration purposes

e) Develop classroom ready modules to be shared wothkskop participants.

DESCRIPTION

The purpose of this workshop is to equip chemidaicators with practical activities and
logistical training to include ICT into their chesiry curriculum. During this workshop,
participants gained hands-on experience using tdeby such as iPads and a variety of
interfaces and sensors (probes) bundled with coemiased activities for chemistry and general
science. Participants will gain familiarity witlhe general chemistry modules, learn about

logistics related to implementation, and develogw aetivities for future use.
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Required Materials: iPads, Apps, and Sensors

ISSN 2227-5835

The workshop was attended by 25 participants. & hesrners self-selected into groups

of 3-5 educators from five countries (Ethiopia, ¥@nEgypt, Russia, and the United States of

America). Six iPads preloaded with the followingpa were provided to the workshop

participants. (Costs reflect prices for fall 2013.)

Name Seller Cost

Productivity
Dropbox Dropbox Inc. Free

GoodReader Good.iWare Ltd $4.99
Noteshelf Ramki $5.99

Penultimate (Alternate to Noteshelf) Evernote 9%0.
Keynote Apple $9.99

Pages Apple $9.99

eTextbooks CourseSmart, LLC Free

Educreations Educreations, Inc. Free

ShowMe Easel Free

Graphical Vernier $2.99

Chemistry

Chem Lab Brian West  $0.99

The Elements (Gray’s Periodic Table) Element Cdilbegs Inc.
NOVA Elements PBS Free

Molecules Sunset Lake Software Free

Mobile HyperChem Hypercube, Inc. Free
ChemDoodle Mobile iChemLabs, LLC Free

Lewis Dots  Carlo Yuvienco Free

AtomsIinMotion Atoms In Motion $2.99

Salts: atoms, ions, electrons Atoms In Motion $2.99

GasLawsHDLite T. J. Fletcher Free
Elemental Dotmatics Limited  Free
MahjongChemStetson University  Free
ACS Mobile American Chemical Society Free

$6.99

Participants also had opportunities to experiehegallowing Pasc® sensor: Advanced

Chemistry Sensor, which includes a temperature gyrpibl probe, conductivity probe, and a

built-in pressure probe. Some of the laboratotivéies are structured and others unstructured.
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Schedule and Activities
Intended participants: Educators interested in teaching laboratories eosd with chemistry
concepts. Science teachers at the pre-univensdyuaiversity levels (e.g., secondary teachers,

university professors, lecturers, staff members) et

Objectives:

(2) Use ICT to promote and conduct laboratory itigasons on a variety of topics.

(2) Use ICT to collect and organize qualitative guo@ntitative data and make measurements
with accuracy and precision using tools such ag-dallecting probes.

3) Use ICT to identify and explain the process:aming ionic compounds containing main
group or transition metals, covalent compoundsjsacand bases, using IUPAC nomenclature
rules.

4) Use ICT to write the chemical formulae of commionic and covalent compounds,
acids, and bases.

(5) Participants will gain hands-on experience gsihe iPads, gain familiarity with the
general chemistry modules, learn about logistidated to implementation, and develop new
activities for future uses of the iPad.

(6) Instructors will share classroom-ready moddireswith workshop participants. We will
also discuss how these activities can be modibedi€monstration purposes.

(7 Participants will develop new modules; thesev retivities can be incorporated into

classes after the workshop is complete.
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Agenda of Activities
0900-0930  Opening remarks Bob Shelton

Session -1
0930-1030  Active Learning with Project iPad  Bob IBire

1030-1045 Break Organizers
Session-2
1045-1145  Experience the Modules Bob Shelton
MODULE 1: Understanding the Scientific Method
MODULE 2: Flash activities on the iPad
MODULE 3: Element Scavenger Hunt
MODULE 4: Writing chemical formulas from names
1200-1330  Lunch Break Organizers

Session-3
1330-1430  Explore the available Apps Bob Shelton

1430-1445  Break Organizers

Session -4
1445-1545  Digital Laboratory  Denis Zhilin

Session-5
1545-1630  Developing implementation plans  Bob Simelt
Question/Answers/Wrap-up

Session-6
1630-1700  Assessment Participants

LIMITATIONS

ICT tools are becoming more assessable and lgsensixe as supply and demand
benefits increased classroom use. As compared doufidating of a static textbook, apps
appropriate for teaching concepts and laboratoopg@ware of sensors for collecting data have
several advantages beyond cost. Yes, iPads do leegotdated but even older versions can be

passed down to either the lower levels or to ctasss that lack in ICT tools. Internet access
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with appropriate bandwidth is always problematiat &s long as the faculty is committed and
willing to accept change, issues can be overconteaapositive experience provided to your

students.

DIGITAL REVOLUTION

Interactions that provide learners with immedia¢gformance feedback will engage and
hence motivate students. Visualizations and anoanatgo well beyond what has been possible
in the past. As new apps and sensors become laleaithhanges are easy to make. Technology
does not make education better but what is provisede platform for making education more

meaningful for the learners involved.
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AFRICAN JOURNAL OF CHEMICAL EDUCATION
AJCE

GUIDELINES FOR AUTHORS
SJIF IMPACT FACTOR EVALUATION [SJIF 2012 = 3.963]

The African Journal of Chemical Education (AJCE&)ai biannual online journal of the
Federation of African Societies of Chemistry (FAST)e primary focus of the content of AJCE
is chemistry education in Africa. It, however, aglgbes chemistry education issues from any part
of the world that have relevance for Africa. Thpdyof contents may include, but not limited to,
the following:

RESEARCH PAPERS reporting the results of original research. It dspeer-reviewed
submission that deals with chemistry educatiomgtlavel (primary, secondary, undergraduate,
and postgraduate) and can address a specific ¢aresn describe a new pedagogy or teaching
method, or provide results from an innovation onira formal research project.

SHORT NOTES containing the results of a limited investigation a shorter submission,
generally containing updates or extensions of & tibyat has already been published.

REVIEWS presenting a thorough documentation of subjectsunfent interest in chemical
education.

LABORATORY EXPERIMENTS AND DEMONSTRATIONS describing a novel
experiment/demonstration, including instructions tudents and the instructor and information
about safety and hazards.

SCIENTIFIC THEORIES describing the scientific, historical and philobagal foundations of
theories and their implications to chemical edwrati

ACTIVITIES describing a hands-on activity that can be donthénclassroom or laboratory
and/or as a take home project,

INDIGENOUS KNOWLEDGE AND CHEMISTRY IN AFRICA as a special feature that
addresses the relationship between indigenous ledgeland chemistry in Africa. It could be in
the form of an article, a note, an activity, commtaey, etc.

LETTER TO THE EDITOR : A reader response to an editorial, research tepaarticle that
had been published previously. The short piece ldhoontribute to or elicit discussion on the
subject without overstepping professional courtesy.

All manuscripts must be written in English and jpeferably organized under the
following headings: aYITLE, Author(s), Address(es), amliBSTRACT in the first page, b)
INTRODUCTION reviewing literature related to the theme of thanoscript, stating the
problem and purpose of the study, METHODOLOGY/EXPERIMENTAL including the
design and procedures of the study, instrumentd asd issues related to the reliability and/or
validity of the instruments when applicable, d)RESULTS AND DISCUSSION e)
REFERENCES in which reference numbers appear in the text esatiplly in brackets, each
reference be given a separate reference nurabat,and other notations likdid are avoided,
and finally ) ACKNOWLEDGEMENTS .

When submitting a manuscript, please indicate w/iyeur manuscript best fits from the
above list of categories of content type. All emiggsi and manuscripts should be addressed to the
Editor-in-Chief: emaikic@faschem.ord?O Box 2305, Addis Ababa, Ethiopia.
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