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CHAPTER ONE

1 INTRODUCTION
1.1 Background of the Study

Education is an instrument for national developnweich is used to develop human
capital for effective functioning of the societyioBgy education, in particular contributes
a lot to human development in the areas of medi@ggculture, environmental protection
and food security. Moreover, it is important foudgnts in their everyday life, in global
competitiveness, resource utilization and enviram@adestewardship, in problem-solving
skills, and understanding of the scientific meth{idsddus, 2013). This can be realized
when the quality of biology education is attainédetter standards. Updating the standard
and quality of biology education is essential tetéo life-long learning of students leading
them to global excellence in education.

According to Wambugu and Changeiywo (2008), stuxlangé facing many emerging
issues, such as emergences of new drug resistadasds, effects of genetic
experimentation and engineering, ecological impatt modern technology, global
warming, famine, poverty, health issues, populagaplosion, and other environmental
and social issues. To overcome the challenges amadti above, Turiman et al. (2011)
suggested that students need to be equipped véti21kt century skills in science and
technology education to ensure their competitivemeshe globalization era.

Students should be global citizens that recogrheectitical need for the developing
21% century skills. Thus higher education graduategyp more than ever, need a basic
understanding of science and technology in orddéuriotion effectively in an increasingly

complex and technological society.



According to Chabalengula et al. (2009), scienagcation comprises six domains:
cognitive, psychomotor, affective, application, atreity and nature of science. The
cognitive domain of science includes accepted séieoonstructs, such as scientific laws,
principles and theories. The psychomotor domainenofincludes as performance or
practical skills, includes science process skilach as observation, manipulation of
equipment/materials  (assembling, measuring, and erarpnting), classifying,
communicating, inferring, predicting, identifyinghé controlling variables, interpreting
data, and formulating hypotheses. The affective aloms primarily associated with
explorations of human emotions, such as expressi@ersonal feelings, decision making
about personal values and about social and enventahissues. The application domain
requires the determination of the extent to whitidents can transfer what they have
learned to a new situation, especially in their odeily lives. The creativity domain is
essential to science as it is used by scientisgeierating problems and hypothesis and in
the development of plans of action. The domainha bhature of science is related to
characteristics of science, knowing the world atbws through empirical methods and
how scientists think and work in the science comitgun

The current philosophy of teaching science is aestigative, hands-on, minds-on,
authentic learning experience (Gardiner, 1999)ctita activities are experiences in the
learning —teaching process where students intevdabt materials to manipulate, observe
and understand the natural world (Hofstein and ttane2004). The activities include
laboratory practical work, field trip and practie@tachment to various research sectors and
industries.

Biology practical activities are experiences in kaning —teaching process where
students interact with materials to manipulate,eols and understand the natural world

(Hofstein and Mamlok-Naaman, 2007). Students devéheir understanding of scientific
2



concepts, science inquiry skills, and perceptidnscence in the laboratory and laboratory
activities include laboratory demonstrations, haods activities, and experimental
investigations (Hofstein and Lunetta, 2004). Labory work is an active and interactive
ways of teaching and learning method, which regustedents to be involved in observing
or manipulating real objects and materials, havdistinctive and central role for the
development of students’ understanding of scientfhincepts, improving their cognitive
skills, developing positive attitudes as well asnatate students to greater efforts of
achievement (Hunt, Koender and Gynnild, 2012). dratory practical experiences are
central goals to biology education for the achiegpetrof scientific proficiency. Emphasis
should be given for the need and importance of ritboy practical skills in the
undergraduate biology program of Ethiopian uniteasiand biology should be kept in
pace with our rapidly developing and understandifighe science and enthuse a new
generation of knowledgeable young biologists.

The laboratory work should successfully be usededfattive in getting students to
do what is intended to promote conceptual chandargdam and Millar, 2008). The
effectiveness of laboratory work is useful to cdesithe process of developing and
evaluating a laboratory task. Among the many Wéem to be considered are learning
objectives, the nature of the instructions proglitly the teachers and the laboratory guide
, materials and equipment available for use inlé®ratory investigation; the nature of
the activities and the student—student and teashatent interactions during the laboratory
work; the students’ and teachers’ perceptionsassessment, students’ laboratory reports,
teachers’ preparation, attitudes, knowledge, arthwiers (Lunetta, Hofstein and Clough,
2007).

To accomplish the objectives of science teachihg, laboratory manuals should

provide the science process skills. The nation&nse education standards (National
3



Committee on Science Education Standards and Amsess 1993) recommend that
laboratory activities should be written in a manserthat students will use the following
categories of skills: (a) formulate useable questiab) plan experiments, (c) conduct
systematic observations, (d) interpret and analgza¢a, (e) draw conclusions, (f)
communicate, and (g) coordinate and implement hifiwestigation. Moni et al.(2007)
proposed that students would learn these skillsenaffectively if they are individually
assessed on core laboratory manipulative skills thatl these skills should be assessed
from their first-year of degree program.

Bone and Reid (2011) reported that students whoteiad biology at the senior
high school-level did perform better than those whd not. Yet, there is little evidence
on this issue. Hence, it is important to examinthére is correlation between students
prior back ground in biology laboratory at secowydand preparatory schools and their
biology laboratory skill performance test resulfgreover, there is also a debate on that
scientific process skill acquisition varies amorges. Ochonogor (2011) showed that
there is a significant difference in performancgeleamong biology education for
undergraduates and between male and female bieldgyation students. He claims that
female students are more in biology education @uese and also perform significantly
better than the males. Practical laboratory test beaadministered individually or in
groups. However, Jack (2013) stated that sex doemfiuence students’ acquisition of
science process skills.

This study, therefore, assesses the level of canpiets of undergraduate biology
students, identifies the area of deficiency in wgdeuate biology laboratory work of
Ethiopian universities by evaluating the curriculuthe assessment techniques of the

laboratory work, and the extent of the objectivitgiament.



1.2 Statement of the Problem

Developing countries, such as Ethiopia need skilledn power to expand
educational opportunities by creating access ambwaging innovation and creativity.
There is a need for the provision of affordablecadion services along with up- to- date
learning resources without compromising quality atahdard.

According to Federal Democratic Republic of Eth&opl994, p.7), the objectives
of education in Ethiopia are to develop the physiceental and problem solving capacity
of individuals; to cultivate the cognitive, creatjvproductive and appreciative skills of
citizens by appropriately relating education to ismvmental and societal needs; and to
provide education that can produce citizens wheeldeveloped attitudes and skills to use
and tend private and public properties appropyateéhccordingly, the Ethiopian
Harmonized Curriculum for BSc Degree Program indgg(2009) is aimed to enable
students acquire practical and technical skillsimegl for utilizing biological tools; to train
and provide students who can design and apply tineiples of biology; and to identify
and solve societal problems related to environmegtjculture, health, industry and
teaching. To meet these objectives, the Ethiogawvernment is working to re-align its
higher education system so that it can contribu@emdirectly to its Growth and
Transformational Policy and Poverty Reduction. Mwex, in the country the annual intake
capacity of degree students has increased frormdrtuee thousand in 1994 to over thirty
one thousand in 2004 (Yizengaw, 2005) and curreotlgr one hundred and three
thousands (National Agency for Examination, 201Bjowever, the success of education
cannot only be measured in terms of how many stadee being enrolled and how many
students are graduated in the universities butgthadity issue is the primary thing that

should be addressed.



To attain the country’s Growth and TransformatioRalicy goals, seventy percent

of higher education enrolment has been dedicatescitence and technology education

(Rayner and Ashcroft, 2011). The government is rdpagy the number and admission

capacity of universities in the higher educatiootsebut still low quality resource inputs
are provided to universities (Yizengaw, 2005). bhgraduate biology students need to
develop biology skills that will help them in théuture life; enable them to solve day- to-
day problems and think critically. However, empl®syand instructors complain that the
majority of biology undergraduate students do rastehbasic laboratory manipulative skills
(Abebe, 2013). Therefore, there is need to iderntiy factors responsible for the present
state of affairs on the acquisition of biology preal skills at the undergraduate level in
Ethiopia. There is currently no documented evidetihat shows the extent of laboratory
manipulation skills acquired by biology undergraustudents in Ethiopian universities.
The laboratories should be more efficient in acdshmg the objectives of

teaching- learning science than other models afunson because laboratory work is both
time consuming and expensive compared with othetetso(Sabri and Emuas, 1999). A
study conducted by Aladejama and Aderibigbe (2@bidwed that the student’s academic
performance is positively correlated with the sceeraboratory environments. Other
studies have found that the less availability, ftosation and the deficiency in the use of
science laboratory items lead to wastage of ressuand lower academic achievement
(Dahar and Faize, 2011). Similarly, a study comeldidy Olufunke (2012) to determine
the available physics laboratory equipment for tk&ching and learning of physics in
senior secondary schools in Nigeria as well as aktent of utilizing the available
equipment showed that the optimal utilization ofgibs laboratory equipment is effective

in the teaching of physics. They concluded thagrsm laboratory with adequate equipment
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is a critical variable in determining the quality @utput from senior secondary school
physics.

Most of the higher education biology laboratory ipquent are very expensive to be
purchased. If this biology laboratory equipmemas efficiently utilized, it would be a big
economic loss to the country, especially for theettgping countries, like Ethiopia. Thus,
the biology laboratory work and the actual practicé laboratory work in universities
require some examination so that biology laborasmtyvities could be better designed and
implemented, and be able to fulfill their objecsvélowever, no study has been conducted
so far on the implementation of the intended pcat@ctivities and on the attainment of the
intended objectives. Therefore, this study alsoilmasstigated whether there is relationship
between the availability of laboratory materialgl students competency or not.

The assessment of students’ manipulation skillgmigortant in that it provides
students with the opportunity to demonstrate th&nipulation skills, and understanding
of processes and concepts through practically dbgratory activities but it is often
neglected by instructors in many Ethiopian univesibecause the instructors themselves
do not have the necessary practical skills to degarcarry out and evaluate and investigate
science activities (Bekalo and Welford, 1999; Cheagula, et al., 2009). One of the major
problems in science education is the lack of efffecand efficient assessment techniques
of the students’ learning in the laboratory (Otndnd Grelsson 2006). Of the various
techniques of assessing students’ laboratory wbhekmost common laboratory evaluation
techniques in universities are laboratory repod amitten examination (the act) during the
lab, but not how well the students are capablectialy doing (performing) in biology
laboratory based on their practical laboratory w(@kater and Ryan, 1993; Hunt et al.,
2012). The existing evidence, however, is basegklg on the assessment techniques but

not on students’ competency level.



The science laboratory tasks are practical a@witmportant in the construction of
scientific knowledge, especially biological knowdgd at university levels in Ethiopia. The
tasks should be included in the laboratory manur#svever, no analysis has been done so
far on the biology laboratory manuals to deterntlreepresence of such activities. A study
conducted by National Educational Assessment araimihations Agency, FDRE (2013)
to assess grade 8 pupils’ academic achievementresiiect to curriculum goals in science
subjects showed that the composite average penfmendor Biology was42.10%.
However, no study has conducted on the assessrkatiooatory performance skills of the
undergraduate students. Therefore, there is need/éstigate and fill in the existing gap
regarding the existence and level of the laboratmtyities and also to identify the extent
of science process skills inherent in Ethiopianversities for the undergraduate biology
laboratory manuals.

A few studies have been carried out to examineaelaionship between students’
high school background and university course aement. But there is still a debate
among researchers. However, none of the studies kaamined theses variables to
determine the relationship between undergraduaii®dy students’ prior secondary and
college preparatory school biology laboratory bagiound and their undergraduate
laboratory skill performance. Hence, it is imamit to establish if there is correlation
between prior back ground in biology laboratorge@tondary and preparatory schools and
the biology laboratory skill performance test ssore

This study, therefore, investigates thelationship existed between students’
biology laboratory skill performance and their cgirachievement in undergraduate
biology program. It also examines the relationsbgtween high school laboratory
experience and their undergraduate biology laboratwractical skill performance at

undergraduate level.



1.3 Purpose of the Study

The aim of this study was to assess the undergtadiology practical instructions
in some Ethiopian universities with a view to detaring whether the intended objectives,
as stated in the national curriculum for undergagelubiology in Ethiopia were being
attained and to identify the factors that affe@ #tquisition of biology laboratory skill by
undergraduate students using skill performanceigsitend questionnaires. It was also
aimed at evaluating the extent to which under gagelbiology laboratory guides (manuals)
promote the basic and integrated science proceafls #kat are involved in scientific

inquiry using seven levels of Laboratory Task Asaynstrument (LAI).

1.4 Research Questions

1.4.1 Central research question.

How is the level of Ethiopian biology undergradustigdents’ competence in practical

laboratory skills impact to their performance?

1.4.2 Sub questions.

Under the above major research a question, the $tasl also answered the following

sub-questions:

1. What is the type and number of practical activit@fsundergraduate biology
laboratory activities conducting in Ethiopian urmisies, compared with the
number and type of laboratory exercises recommeimdéek curriculum?

2. To what extent do biology students acquire the cgmenries and skills prescribed

in the graduate profile?



3. What is the relationship between the availabilinguailability of laboratory
equipment and the students’ laboratory skill perfance?

4. How does teaching experience of instructors afthet attitude to conduct and
organize biology laboratory practical activities?

5. How do instructors assess the biology practicavgies?

6. What is the relationship between students’ biollaiporatory skill performance and
their course achievement (GPA)?

7. What are the prominent science process skills dedun the undergraduate biology

laboratory of Ethiopian universities?

1.5 Significance of the Study

Laboratory practical activities have a pivotal ratethe attainment of the goals in
biology education. This study would possibly gimsight to determine what was intended
in the curriculum and what has been done with kkdar biology laboratory practical
instruction. Thus, the results of this study woatdate opportunities for universities and
other concerned bodies to get information so assdlve problems that hinder the
acquisition of practical skill. The findings of ghstudy would also provide the universities
with the opportunities to use time- and cost-effectaboratory teaching by assessing their
students’ laboratory performance skills and takerirention that would enable the students
to be productive and contribute towards global Benee in their practical skills.
Moreover, the study serves as a stepping stoneekwarchers who want to carry out
further investigation on the biology curriculum plementation in the Ethiopian

universities contexts.
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1.6 Limitation of the Study

This study was limited to third year biology undexduate students who have
enrolled only in three of the thirty one governnaniniversities in Ethiopia because of
time and financial constraints. Moreover, amongttay biology practical activities, the
assessment of Laboratory Practical Skill Perforraahest focuses only in the three basic

and minimum biology laboratory skills.

1.7 Definition of Key Terms

Biology practical activities: are experiences in the learning —teaching provdsse
students interact with materials to manipulate,eolrs and understand the natural world
(Hofstein and Mamlok-Naaman, 2007).

Competenciesacquired skills, attitudes and knowledge

Laboratory exercise an individual experiment or observation set upairiaboratory
manual to investigate a particular problem or higpsts (Peters, 2006).

Laboratory manuals: handbook or worksheet that should provide steptbp detailed
instructions (Hofstein and Lunetta, 2004).

Laboratory performance assessment a type of assessment activity in science in which
students apply or demonstrate their scientifickimg skills (Craw, 2009).

Laboratory: the setting where introductory college biologydemts actively engage in
simulated scientific practices (Peters, 2006).

Performance assessments: in the science laboratory, students are gradedthen
performance of manipulating variables, using sdienapparatus, identifying hypotheses,
making measurements and calculations, organizing amnaging data, and the

communication of results (Slater and Ryan, 1993).
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Performance the accomplishment of a given task measured spggineset known
standards of accuracy, completeness and speedqdeal., 2007).

Science process skills:the cognitive and psychomotor skills scientiste ts construct
knowledge in order to solve problems and formutasailts (Ozgelen, 2012).

Teaching experience:instructors’ years of teaching experience (Richamgd2008)

12



CHAPTER TWO
2 LITERATURE REVIEW

2.1 Introduction

This chapter provides a review of literature redate the role of laboratory work in
biology education, the assessment methods of ladrgravork and various learning
environment for the effectiveness of biology preattiactivities in undergraduate biology
program.. It also investigates the relationshipMeen the students’ theory and practical

performance in undergraduate biology educationtbidpian universities.

2.2 Definition of Laboratory Work

Tamir, Doran and Kojima (1992) defined laboratorereise as practical skills.
According to Hofstein (2004), a practical activityscience education is an activity used to
engage students in investigation, discoveries,ifreguand problem solving activities and is
the center of science teaching and learning. Bipjo@gctical classes take place in a wide
range of courses. Practical classes are somedddarning exercises in a laboratory, but
this view can be extended to include fieldwork, sura or gallery visits, placement and
work. Experiential learning theory (Kolb, 1984)ggests that students learn more
effectively by ‘doing’ than by ‘listening’ (activeather than passive learning) and this is a
major strength of learning in the field where stigeare involved in project planning, data
collection and analysis. Therefore, practical adastorm an essential part of the learning
experience for biology students, cultivating batleit subject-specific and generic skills
that will be of value throughout their universityds and future careers. Genovese (2004)

guantified the efficacy of the different learninyles as “students remember 10% of what
12



they read, 20% of what they hear, 30% of what #e&g, 50% of what they see and hear,
and 90% of what they say and do”. According to Yadad Mishra (2013), no course in
biology can be considered as complete without ofioly some practical work in it.
Biology is a scientific field of study should batat through experimental method.

Millar, Tiberghien and Marechal (2002) classifiechgtical tasks into four groups.
These are illustration (of theory), exercise (tagice standard procedures), experiences (
to give students a ‘feel’ to phenomena) and ingasion (to allow students to experience

scientific enquiry).

2.3 The Role of Laboratory Work

Several studies have been conducted about theofdeboratory work in science
(Hofstein, 2004; Hofstein and Lunetta, 2004)aboratory practical work uses as primary
means of instruction in scienc@Blosser,199Q) gives opportunities for students to
manipulate equipment and materials (Tobin,1990pshstudents to build confidence in
their problem-solving abilities (Sundberg and Maecal994; Tarhana and Sesen, 2010);
maximizes their conceptual development (Domin, 20@nd develops their academic
performance (Aladejama and Aderibigbe, 2007). Muweeg, laboratory practical activity in
science values learning new skills and using newipagent, gives opportunity for
students social interaction, illustrates matemgen in lectures and develops high interest
and stimulate students to greater efforts of a@meant(Collis et al.,2008;Hunt et al.,
2012). Lee et al. (2012) conducted a study to emanearning outcomes by measuring
students’ academic performance and their skill inting research proposals. Results

showed that students enrolled in both lecture abdrhtory courses performed better in
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classification of species, research study desigompgsals writing and in essay writing as
compared to students taking lectures only.

However, few studies have claimed several issusshiinder the implementation of
the laboratory work. For example, Trapani and &HafR012) stated that the laboratory
activities largely focus on illustrating conceptdatime delivery of information because of
several factors. Among the factors are equipment @ther resource constraints, large
groups size, lack of sustained and repeated expo® given practical skills and
experimental techniques, poor organizational ang tmanagement, and variations in
instructors skills in teaching the laboratory teaghand learning.

To equip students with practical skills importanttiheir future careers, laboratories
should be efficiently used by teachers and studeants teachers themselves should possess
these skills. Biology laboratories have very impattrole in the education system for
biology students to bring rapid and significant adsement to the society. Hence,
consideration in the process of developing and uawislg a laboratory work task is

important (Millar et al., 2002).

2.4 Assessment of Student Laboratory Work

Assessment is an integral component of the educptiocess; it supports learning by
providing learners with the opportunity to demoatgracquired skills and knowledge,
while determining their professional, vocationaldaacademic achievements (Ashford-
Rowe, Herrington and Brown, 2014). Practical wrlone of the ways of assessing the
objectives of teaching biology in which an oppoityis provided for testing application of
scientific procedures, manipulative abilities asllwas scientific skills (Ongowo and

Indoshi, 2013).
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The assessment of laboratory courses should be@bdst student competence over
a wide range of practical skills (Bekalo and Welfot999). Hofstein and Lunetta (2004)
stated that assessments of students’ performanteumaerstanding associated with the
science laboratory should be an integral part ef fdboratory work of teachers and
students. They argued that assessment tools skaaldine the students’ inquiry skills,
their perceptions of scientific inquiry, and rekhtscientific concepts and applications
identified as important learning outcomes for thavestigation or the series of
investigations. An important part of being a modeéralogist is the ability to perform
certain technical or manual skills in biology, suah running gels, pipetting, recording,
performing tissue culture and other skills. Howeueiology instructors assess mostly
knowledge by grading exams, quizzes, papers arutdtdyy reports (Fitch, 2007). There
are two general forms of tests: ‘pen-and paperistesnd ‘practical’ or ‘laboratory
performance’ tests. Research has shown weak cioredabetween test scores from
practical tests and pen-and-paper tests. For exardpimmann et al. (20008), investigated
whether scores from multiple-choice tests correldth student performance in a practical
test on seed germination. In addition, Urda and &&n( 2015) showed that there is no
relationship between student preferences iresassent type and their performance in
the respective assessments. The results reveasd¢dhiere is a big difference between
multiple-choice items and performance test scores.

It was noted that the objectives of science pratimork depend a lot on the mode
of assessment of laboratory work adopted by thieuc®rs and examination bodies, and
the mode of assessment directly influences teactearshing methods, students’ learning
styles and attitudes towards practical activit@gl(lings and Fraser, 1988, in Akinbobola

and Afolabi, 2010).
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Hunt et al. (2012) stated that the aim of teachprartical laboratory skills can be
best achieved by assessing those skills in therd#dy rather than assessing written
laboratory reports or answers to examination gomesti Assessment of practical work
encourage students to develop useful physicalnteahand experimental skills and it also
encourages other generic skills that are valueérbgloyers and useful for students' real
life authentic task and lifelong learning (Harrisa&,2007).

The implementation of more authentic forms of ass®Efnt becomes important for
higher education (Ashford-Rowe, et al., 2014). Bistructors are less likely to use more
open-ended, authentic forms of laboratory perfocearassessments due to their
background, experience, or subject matter taugie. Khowledge and skill of students in
biology should not be measured only by paper amgtipexamination items, but also in
part by how well the students are capable of agtupérforming biology practical
activities. This can be made by examining their petancy in the skill sets.

The student’s skills can be measured based on rtigdhasks, such as activities,
exercises, or problems that require students tevshkibat they can do. One of the most
widely used of these is called performance assedsnide features of performance
assessment are the use of a graded and authesiticAta authentic task is one in which
students are required to address problems groundedl-life contexts. With performance
assessments in the science laboratory, studentsgraded on the performance of
manipulating variables, using scientific apparatidentifying hypotheses, making
measurements and calculations, organizing and nrapagta, and the communication of
results (Slater and Ryan, 1993). Such tasks atieajyp complex, somewhat ill-defined,
engaging problems that require students to apphthssize, and evaluate various problem
solving approaches (Shavelson, Baxter, and Pin€1)19However, performance

assessment requires more time to administer thaar édrms of assessment and resource
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intensive (Harris et al.,, 2007). Heyborne, Clarkad Perrett (2011) studied that the
replacement of free-response practical examinatiprestions with multiple-choice
practical-examination questions have profound iogtions with regard to student
performance and learning in the laboratory portban introductory college-level biology
course. Hammann et al.(2008), demonstrated thédrpgnce assessment is more time-
consuming to administer and to code but is moreag@te than multiple-choice tests in
providing the information necessary for planningvreteps in the learning process which
allow for a more detailed description of studemtshievement and provides insights into
gualitatively different strategies of planning expeents and analyzing data .

Whelan et al. (2010) reported that students’ engdddity skills is the current
concerns and have become the subject of consideatiehtion by governments around the
world. Traditional modes of assessment failed to address adequately the development
of practical laboratory skills considered to be useful by employers (Hunt et
al.,2012).The practical assessment of studentdbpeance of relevant laboratory skills
has the potential to influence graduate employgbdis many graduates find work in
biology related fields or biology laboratories (Huet al.,2012). According to Hughes
(2013), base standards should be established raigaam, course or task level within and
across countries for the employability of the gites that could satisfy the demand of the

employers.

2.4.1 Performance and pperformance aassessment.

Performance is defined as the accomplishment oivangtask measured against
preset known standards of accuracy, completenaess@aed. The particular skills and

competencies developed through practical learnmghe biological sciences are as
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varied as the courses themselves and have also @orshkills (Harris, et al., 2007).
Recently, science educators have shown increaseesh in developing practical skills
and competency- based approach, and assess spmmificlaboratory skills. Craw
(2009) defined laboratory performance assessragrd type of assessment activity in
science in which students apply or demonstrate sogentific thinking skills.

Several studies have also been conducted on hagstss the competencies. For
example, Craw (2009) stated that laboratory perémre assessments provided teachers
with valuable information to adjust instructionfarm curricular decisions, and as a
basis for professional development. Implementingopmance assessment as a teaching
methodology is used to improve inquiry-based sa@ereducation, promote the
development of 21st century skills and competename®lve students in the assessment
process, provide teachers with valuable informat@imform instruction, and as a tool
for professional development. Performance tasksluavstudents demonstrating their
understanding through actual manipulation of eqeipihand materials in the laboratory.
However, several authors have indicated that theahdoing of the laboratory activities
is rarely assessed (Tobin et al., 1990; Moni et2007).The assessment of practical
skills and competencies is of two broad types: di@ssessment, where either the
demonstration of the skills themselves are the abbgd assessment; and indirect
assessment, where a students' level of a praclctl has a bearing on a related,
assessed activity (Harris, et al., 2007).

Several studies have been conducted how to askessampetence. For
example, Slater and Ryan (1993) have developedesiormance task evaluation for an
introductory physics laboratory evaluation with rfaliscrete competency levels (i.e. no

evidence, approaches goal, meets goal and excealls They stated that the instructor
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observes and evaluates students’ competency lewtdsrespect to the specific skills
laboratory exercises which are designed to teach.

Shavelson et al. (1991), developed alternative opmdnce assessment
instrument for fifth and sixth grade students dedisby computer simulation. Both
researchers mentioned above, agreed that althbedmands-on assessment is desirable,
it is expensive and time consuming to administeor@dver, Moni et al. (2007) have
designed and implemented a strategy to assessdudily 5 core laboratory skills of
students in first-year laboratories for the coufisenan Biology. They designed a form
for tutors to record the skill level of each studérhree levels of skill attainment were
defined: not proficient, toward proficiency, andficient. However, the levels used to
evaluate the skills were more subjective like thosed by Slater and Ryan (1993).

Craw (2009) studied the performance assessmentigga®f high school science
teachers. The results revealed that teachers vesee likely to use more open-ended,
authentic forms of laboratory performance asseswndimere was variability in teacher
implementation of performance assessment possiblg tb teachers’ background,
experience, or subject matter taught.

Hunt et al. (2012) have done an action researcjeqrto assess laboratory skills in a
molecular biology course by replacing a single exation with direct observation of
student participation and learning over a prolongedod of weekly laboratory sessions.
They argued that practical laboratory skills shoblkl assessed in the laboratory by
observing what the students are actually performatiger than assessing written laboratory
reports or answers to examination questions. Aystahducted by Cushing (2002) to
compare the performance of thirty four high schetaldents on laboratory assessments of
biology showed that there was a greater diversftyjkriowledge and skill categories.

Moreover, Falicoff, Castifieiras and Odetti (20kehnducted a study to assess the science
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competency of first year university students eimgllin the school of biochemistry and

biological sciences and examine the effects ofehessurses on their competencies of
chemistry proficiency. The results indicated thastfyear students started with a low
performance level for all the sub-competenciessseskand performance levels on using

scientific evidence decreased.

2.5 Inquiry and Science Process Skills

Inquiry can be an effective teaching approach fapstt students’ learning for long-
term retention. Promoting inquiry in the laborat@mpowers the students to take these
trained skills and conduct further investigatiom$ence, laboratory activities provide
excellent opportunities to incorporate inquiry m the curriculum (Tweedy and Hoese,
2005). Inquiry-based biology laboratory instruntionproves scientific skills and critical
thinking (Tessier, 2010).

Ozgelen (2012) defined science process skills &y thre the thinking skills
scientists use to construct knowledge in orderdiwes problems and formulate results.
According to Jack (2013), science process skils @gnitive and psychomotor skills
employed in problem solving process and in the atiipn of science process skills which
are the basis for scientific inquiry, developmehtrellectual skills and attitudes that are
needed to learn concepts. These skills can be racaind developed through science
practical activities and retained when cognitiveowledge has been forgotten. Tarrant
(2005) stated that students who are scientifidéyate should possess skills such as the
ability to think critically, use scientific reasamy, and interpret various types of data, use
facts and logic to solve problems, formulate argutsieand understand the world in which

they live. These skills help students to be glotiikens and practice environmental
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stewardships. The biology practical skills are sceeprocess skills that are taught as part
of the biology curriculum and these skills can bguared and developed through activities
involved in the biology practical sessions (Ongamal Indoshi, 2013). A study conducted
by Blanchard et al. (2010) revealed that studerft® warticipate in an inquiry-based
laboratory unit showed significantly higher posittscores, long-term retention, and tended
to have better outcomes than students who leatmedigh traditional methods. A study
conducted by Haskins (2000) to quantitatively deiee whether the material found for
application in biology/chemistry promotes scieraguiry through the inclusion of science
process skills, and to quantitatively determinetyipe and character of laboratory activities
showed that all laboratory activities provided venpre in basic science process skKills.
Ergul, et al. (2011), conducted a study to deteeminrkish elementary school students’
level of success on science process skills andiceiattitudes and if there were statistically
significant differences in their success degreesanehce attitudes depending to their grade
level and teaching method. Their result showed ukatof inquiry based teaching methods
significantly enhances students’ science procesls sand attitudes. Ongowo and
Indoshi (2013), conducted a study to determinesttience process skills included in the
Kenya Certificate of Secondary Education biologggbical examinations for a period of
10 years (2002- 2012). The results revealed a paglcentage of basic science process
skills at 73.73% compared to the integrated scigmaeess skills at 26.27%.

The American Association for the Advancement ofeSce (AAAS, 1993), has
categorized science process skills into Basic $eiétrocess Skills, and Integrated Science
Process Skills. Basic science process skills coredisobserving, using space or time
relationships, inferring, measuring, communicatiolgssifying, and predicting, where as
integrated science process skills include contrgllvariables, defining operationally,

formulating hypotheses, interpreting data, expeniing, formulating models, and
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presenting information. According to Sheeba (20113}, science process skills enable the
students to apply scientific concepts, procedunesadtitudes to their wider life. Therefore,
these skills affect the personal, social, and dlbbas of individuals.

There are different approaches of classificatiohtalooratory tasks. As shown in
Table 1 below, Banchi and Bell (2008) have claedifihe science education of inquiry-
based learning in to four levels, namely confirmatinquiry, structured inquiry, guided
inquiry and open inquiry. The levels focus on howcim information (e.g., guiding
guestion, procedure, and expected results) is geoMio students, and how much guidance
is provided by the teacher. At the first levelr{iomation inquiry), students are provided
with the question and procedure (method), and ¢selts are known in advance. In the
second level (structureshquiry), the question and procedure are still pted by the
teacher; and students are expected to generatanatipin supported by the evidence they
have collected. In the third level ( guided inglirhe teacher provides students with only
the research question, and then the students ddésigprocedure (method) to test their
guestion and the resulting explanations. In thetfoand highest level of inquirgopen
inquiry), students generate their own questiongn plheir investigation, collect and
organize their data, and communicate their restiltés level requires the most scientific
reasoning and greatest cognitive demand from stadeXstudy conducted by Katchevich,
Hofstein and Mamlok-Naaman (2013) showed thatinyeype of experiments have the
potential to serve as an effective platform fomfaftating arguments, owing to the features
of the learning environment in general and an opeuiry experiment focus on the
hypothesis-building stage, analysis of the resalt&l drawing appropriate conclusions in

particular.
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Table 1 : The four levels of inquiry and the inforation given to the students in each one (Banchi and

Bell, 2008)
Inquiry level Description Question | Procedure | Soluibn
1.Confirmation | Students confirm a principle throughv N N
Inquiry an activity when the results are
known in advance.
2.Structured Students investigate a teacher- | N
Inquiry presented question through a
prescribed procedure.
3.Guided Inquiry| Students investigate a teacher- | v
presented question using student
designed/ selected procedures.
4.0pen Inquiry Students investigate questions that

are student formulated through
student designed/selected

procedures.

2.6 Laboratory Manuals

Literature showed that there are various factoeg thfluence the acquisition of

cognitive skills, such as science process skillonii, 1999; PeSakodji Flogie and

Abersek, 2014). Among the various factors, sciengeculum is the one that affects the

students’ practical work in the acquisition of swe process skills. Laboratory manual is

the part of science curriculum. Kuddus (2013) stateat the biology curriculum should

include integrated core concepts and competencieBpduce the scientific process to

students early, and integrate it into all undergede biology courses; define learning goals

around the core concepts and assess students s& gbals; make connections between
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abstract concepts to real-life contexts, develdglting learning competencies; discuss
fewer concepts in greater depth; stimulate cugdsithatural world ; and show the passion
as a scientist and an educator. Students’ labgrgtode is one of the curricular materials.
According to Hofstein and Lunetta (2004), the hayakoor worksheet is considered as
the laboratory guide. It plays a central role iaghg the students’ behaviors, learning, and
in defining goals and procedures. Laboratory manasd important components of science
instruction and should be evaluated for their usenguiry. Germann, Haskins and Auls
(1996) stated that the laboratory manuals showddige students with step-by-step detailed
instructions and ask them to manipulate materrakke observations and measurements,
record results, make qualitative and quantitatigationships, draw conclusion, make
inferences and generalizations, and communicate irtedpret the results. Sabri and
Emuas (1999) stated that teaching science throagbratories needs to be constantly
evaluated using one or more of the following method
1. Comparison of the academic achievement of studehts are taught through the
laboratory method compared with the achievemestudents taught through other
models;
2. The extent to which laboratory instruction, expeits, and textbook are congruent
with the expected objectives of teaching scienbesilsl be investigated,
3. Investigating the efficacy of science laboratorgsexamining particular aspects
and conditions of laboratory instruction methods;
4. The management of student groupings and tasksordeory experiments should
be examined for their effect on students’ perforogan
Several studies indicated that a process skilldbasgience curriculum can
contribute positively towards the expected scieleeening outcomes. The laboratory

manual reduces the amount of time necessary to letenp laboratory activity by
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providing an instructional pathway that does nojures the utilization of higher —order
thinking skills and has become an instrument thakimizes laboratory efficiency at
the expense of fostering higher-order cognitionridg1999). The students’ laboratory
Manual plays a central role in shaping the studdmbaviors and learning, and in
defining goals and procedures (Hofstein and Luné@®4). Laboratory manuals are
important components of science instruction andukhbe evaluated for their use of
inquiry. Sundberg and Moncada(1994) stated that uadanfor implementing an
investigative laboratory program in a classroomuth@ontain awareness and purpose
of investigation, an initial series of activitipsepare students to investigate, formulate
problems and investigatory procedures, to repeafoa modify experiments and
prepare written and/or oral reports. Manuals shaigd include much inquiry and they
often engage students in the planning and designiirtbe activities, and they should
also encourage students to apply the skills ornigcies they have learned to new
situations (Tweedy and Hoese, 2005). However, dsk of creating a meaningful and
relevant curriculum based on the necessary skilthe 2£' century is not an easy one
(Gauchet , 2011).

A few analyses of science laboratory manuals usieg_aboratory Structure and
Task Analysis Inventory (LAI) have been done. Fxairaple, Tamir and Lunetta (1978)
have analyzed secondary high schools science kalopramanuals by 16-item
Laboratory Structure and Task Analysis InventorAljL They found that laboratory
manuals foster students’ manipulative skills, gasilre and quantitative relationships,
and inferences to drawing conclusions, and comnatinig results in scientific
investigations. The manuals, however, were lackinigpquiry skills such as designing
experiments, formulating hypotheses, applying erpemtal techniques to new

investigations, and reflecting on possible souafesrors.
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Germann et al. (1996) studied seven high schodbdpydaboratory manuals using
a modified version of Tamir and Lunetta(1978) latory manual inventory. They
concluded that most manuals did not provide oppares for students to pose a
guestion to be investigated, formulate a hypotheslse tested, or predict experimental
results; to design observations, measurements,eagpdrimental procedures; to work
according to their own design; or to formulate ngwestions or apply an experimental
technique based on the investigation they performed

Basey, Mendelow and Ramos (2000) investigated &bor manuals at six
randomly chosen community colleges in Colorado @w hscience inquiry and
technology were incorporated into laboratory exsasi They showed that most of the
exercises investigated a particular problem or bygsis instead of allowing students to
formulate a problem or to solve hypothesis.

Tweedy and Hoes (2005) did the most recent coratealysis of 10 community
college laboratory manuals analysis using a madibo of Basey et al.(2000)
inventories. They showed that the laboratory mantailed in promoting higher-order
cognition. They concluded that most manuals didinoiude much inquiry and often
failed to engage students in the planning and dexgigof the activity, and they did not
encourage students to apply what they learneddroader context. Science educators
recommended that major revisions of the scienceicclum at various levels that
courses emphasize science as a way of knowinghatdhey permit students to learn
and experience scientific processes (Tweedy andséjo2005). However, the past
laboratory task inventories have done mainly ommercial college laboratory
manuals, secondary high schools biology laboratamg other science disciplines

manuals.
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2.7 Benefits of Laboratory Practical

Many studies have been conducted about the impmrtahlaboratory. Laboratory
practical uses as primary means of instruction aerse (Blosser, 1990); gives
opportunities for students’ to manipulate equipmamt materials( Tobin, 1990); helps
students to build confidence in their problem-suodviabilities (Sundberg and Moncada,
1994); maximizes their conceptual development (DpraD07); develops their academic
performances( Aladejama and Aderibigbe, 2007);aslearning new skills and using new
equipment; gives opportunity for students for aboiteraction; illustrates materials given
in lectures and develops high interest (Collis leR@08); maximizes students’ learning
achievement, preventing misconceptions, developitippsattitude towards practical
activities, and build self confidence( Tarhana &sden, 2010); and stimulates students to

greater efforts of achievement (Hunt et al., 2012).

2.8 Effectiveness of Laboratory Practical Activities

The effectiveness of laboratory work is useful tongider in the process of
developing and evaluating a laboratory work taskl@vlet al., 2002). According to Royal
Society of Biology (2010), high quality and apprepe practical work is central to
effective learning in science and is a key factorengaging, enthusing and inspiring
students, thus stimulating lifelong interest inescie. To equip students with practical
skills important in their future careers; laboraershould be efficiently used by teachers
and students, and teachers themselves should pdkese skills. However, planning and
carrying out practical work and assessment alslitre practical work were completely

neglected in Ethiopia because the instructors tbemes do not have the necessary
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practical skills to organize, carry out and evatuiaivestigative science activities ( Bekalo
and Welford, 1999). According to Millar et al. (&), the teachers objectives (what the
students are intended to learn from the task) aedtdsk design (what the students are
intended to do) are influenced by teachers viewsc@nce and learning, and by practical
and institutional factors such as the resourcedadla, the requirement of the curriculum,
its mode of assessment, and so on. What the studetutally do on the task and what they
actually learn are influenced by the students’ wen? science and of learning, and by
practical and institutional settings. Hofstein anghetta (2004) stated that the learning
environment depends markedly on the nature of theitges conducted in the lab, the
expectations of the teachers (and the studentd)trennature of assessment, the materials,
apparatus, resources, and physical setting, the&bawshtion and social interactions between
students and teachers, and the nature of the inthat is pursued in the laboratory. An
effective laboratory environment requires teach@rgparation and planning: students’
conceptual pre-knowledge about the experiment;renment to use and reinforce such
knowledge; usage of basic and higher-level scigmoeess skills; establishment of links
between the subjects taught in classroom and ladrgrand students’ daily lives; and the
maintenance of laboratory safety and safety awaseamong students (Feygio, 2009).
Lunetta et al. (2007) have listed numerous facidreh should be considered to alleviate
the associated problems in designing and implemgntstudent-based Ilaboratory
experiments. These include learning objectivedrustons provided by the teachers and
the laboratory guide, materials and equipment abbkel the nature of the activities,
student-student and teacher—student interactiongngduhe laboratory work, how
performance and laboratory reports are to be asdesthe preparation, attitudes,

knowledge, and behaviors of the teachers.
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2.8.1 Learning Objectives.
Blosser(1990) stated that there are five groupsbpéctives that may be achieved

through the use of the laboratory in science cksse

1.Skills : that include manipulative, inquiry, investigaj\organizational, communicative
2.Concepts: for example, hypothesis, theoretical model, tepmic category

3.Cognitive abilities : critical thinking, problem solving, applicatioanalysis, synthesis
4.Understanding the nature of science scientific enterprise, scientists and how they
work, existence of a multiplicity of scientific nfetds, interrelationships between science
and technology and among the various disciplineigince

5. Attitudes: for example, curiosity, interest, risk taking, @ttjvity, precision, confidence,
perseverance, satisfaction, responsibility, consgnsollaboration, and liking science.
Silvestrone (2005) stated thdtetquality of an examination increases when learning
objectives are constructed in depth, clearly communicated, and applied throughout

examination administration and grading.

2.8.2 Teachers’ Experiences

There is debate about the causal relationship legtweachers’ experiences and
students’ achievement. Few studies indicate thateftiect of teacher experience is not
significant predictor on student performance (Haidad Hussain, 2014; Liu, Lee and
Linn, 2010; Rice2010; Zhang, 2008). For example, Haider and Hus&44) showed
that there is weak and negative weak relationbleigveen the teacher factors, such as
assessment interval, communication language, dstance of residence, and the
teacher's personal characteristics (gender, , ageademic and professional

qualification, designation, experience, and in-gentraining), and student achievement
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in English, Chemistry and Mathematics. SimilarBhang (2008) stated that science
teachers possessing of advanced degrees in scmnaducation significantly and
positively influenced student science achievemartt years of teaching experience in
science do not directly influence student sciercteearement.

However, the majority of studies indicate that #feect of teacher experience on
student achievement is the greatest in the firat years (Clotfelter, Ladd and Vigdor,
2007; Dial, 2000; Lewis, 2006; Nunnery et al., 208&chardson, 2008 Lewis ( 2006)
suggests that the extent to which teachers retiizgootential for change depends on the
types of support and professional development arrictlum and subject matter
knowledge that they are offered. The teachers wddde benefited from structured
support and professional development which spetificaddressed their personal and
professional needs. These needs included guidanbew students find their way through
the course, explanations of how particular actgitwere expected to achieve a particular
purpose, guidance on how to manage these new ggacind guidance on the potential
needs of their students and ways in which theydasulpport their students through the
changes.Dial (2000) carried out a study to examine whetfears of teaching experience
and a teacher’'s degree level have an effect onabhvaechievement of students on the
communication arts and mathematics sections oMissouri Assessment Program. The
results indicated teacher degree level alone hasffaot on student achievement but years
of experience, as well as the interaction betwesars/of experience and degree level, had
an effect on student achievement in both commuicatrts and mathematidSlotfelter et
al. (2007) concluded that a teacher's experiemst,scores and regular licensure all have
positive effects on student achievement. The RoSatiety of Biology (2010)
recommends that biology educators and technicapa@upstaff require training to be

competent and confident to respond positively te timpredictability of working with
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biological material and embrace the opportunitidorded by the breadth of the

biosciences because they are vital contributotisegrogress of science.

2.8.3 Teachers’ Attitudes

Yildiz et al. (2006) studied th#he attitudes of teachers towards the aims of seien
experiment can be affected by the availability adllwequipped laboratories, adequacy of
laboratory equipment and years of teaching expeeieHowever, they found that there was no
difference in educational level and gender of teeshegarding to their attitudes towards the
aim of science experiments. The teachers considgerinents to improve students’
manipulative and cognitive skills and to developssof cooperative skills among students as
the other important ones. Based on the findingsy ttoncluded that the availability of well-
equipped science laboratory affects teachersudtdg towards aims of science experiments
positively.  According toKamal and Muideen (2014), attitudes of teachershieg
chemistry in senior secondary schools have sigmificeffect on the achievement of

students in chemistry as one of the science subject

2.8.4 Students’ Attitudes

Science experiments develop students’ observatiekidls (Yildiz et al., 2006).
Menjo (2013) found that practical teaching techemjare perceived by science learners to
be the most effective method but its utilization teachers falls short of expectations.
According to Wood (2004), Students’ attitudes tagpical work are influenced by the
nature of undergraduate practical. In addition, Kaorakis and Tsaparlis (2003) reported
that only a small proportion of the students foulne practical activity relevant/useful to
the solution of the problems, and these studerdsahauch higher achievement than the

rest of the students. Luketic and Dolan (2013)estéhat students positive attitudes towards
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their laboratory work are influenced by the extehtheir experiences in learning science
and their perceptions are consistent amongst regadad high-achieving students

regardless of grade level.

2.9 Students’ Prior Background

Higher education admissions officials typicallyse higher education entrance
examination scores on university entrance ptedict an applicant’'s probability of
academic success in the universities. Moreover,l@mp use cumulate grade point
average of the students as main selection crit@eaearch studies show that undergraduate
students’ performance depend on many factors ssicvailability of learning resources,
gender, age, socioeconomic status of the studétdassen, 2000). Yet, there is little
evidence on the relationship between students’rthand practical skill performance. A
study conducted by  Uwaifo (2012) showed that éhier a statistically significant
relationship between students’ theory and practpaiformance scores. Aina (2014)
reported that there are significant differencdsetween students’ performances in
physics theory and practical; between female Phytbieory and practical and also between
male Physics theory and practical.

On the other hand research findings of showedttieae is no relationship between
students’ achievement in theory and practical wsmres (Achor, Kurumeh and Orokpo,
2012; Nawaz, Mahmood and Rana, 2004). Akanbi anchdd$2014) showed also that
there is no relationship between physics studeerformance in micro-teaching and

that of teaching practice.

Several studies have been carried out to examaeethtionship between students’

high school background and university course a@meant. But there is still a debate
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among researchers. For example, Sadler and Téil)2@ave shown that high school
physics course has a positive relationship with dhexde earned in introductory college
physics. Karemera, Reuben and Sillah (2003) shaiwvat high school achievement is
significantly correlated with college performancA.study conducted by Tai, Sadler, and
Loehr (2005) to examine the link between high stlohemistry pedagogical experiences
and performance in introductory college chemisthpveed that several high school
pedagogical experiences are linked with varyingelevof performance in college
chemistry. Noble and Radunzel (2007) stated alsi tcademically underprepared
students have to spend more time and money talkingedial courses in college, earn
lower grades and have lower retention rates. GaisdrSantelices (2007) have suggested
that high school grades are the best predicatoracatiemic performances. Adeyemi
(2008) showed also that the junior secondary ¢eaté examinations were a good

predictor of performance at senior secondary d¢eaité examination.

Sawyer (2008) found that high school course warll high school grades are
related to achievement test (ACT) scores and eagiug students to take more rigorous
college-preparatory courses help to earn highedegran these courses. Bone and Reid
(2011) reported that students who completed biolaigyhe senior high school-level did
perform better than those who had not. Clark (20fowed that taking higher level
science coursework in high school is also posiiadsociated with final grade. Taking
more semesters of higher level science coursewods ahot increase the likelihood of
doing well in college chemistry, as there is noestable significant influence on final
grade in chemistry. In addition, Amasuomo (20X&)nfd that high admission points or
good entry qualification used in selecting studefior admission is most important

predicator of students’ academic performandbepost-secondary schools.
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Loehr, Almarode , Tai, and Sadler (2012) studikd association between
students’ high school science education and mattiesnexperiences with introductory
college biology the final course grade in introadugtbiology courses. The result showed
that advanced high school science and mathemailwose@work was positively associated
with students’ achievement in introductory colldgelogy.

On the other hand, Wang (2009) claimed that ther#tle connection between
mathematical educational knowledge and the eduwatibackground. Tai et al. (2005)
stated that overemphasis on laboratory proceduhegim school chemistry was associated
with lower grade in college.

There is also a debate that practical skill tesirec varies among sexes. For
example, Ochonogor (2011) showed that theresig@ficant difference in performance
level between male and female undergraduate bigdtgyents in that the female students
perform significantly better than the males. Howeehor, Kurumeh, and Orokpo (2012)
showed that male and female students’ performamaetest of theoretical knowledge in
Chemistry do not significantly predict their perftance in Senior Secondary Certificate
Chemistry theory examination. Jack (2013) argueso dhat sex does not influence
students’ acquisition of science process skills.owklver, none of the studies have
examined theses variables to determine the rekdtipnbetween undergraduate biology
students’ prior secondary and college preparatohpd biology laboratory back ground
and their undergraduate laboratory skill perforneanddence, it is important to establish if
there is correlation between prior back ground ioldgy laboratory at secondary and

preparatory schools and the biology laboratoryl gleiformance test scores.
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2.10Fieldwork

According to Scott et al. (2012), fieldwork is amgortant way of enhancing
students’ undergraduate learning, their life-lomgrhing, and their career aspirations.
They say that field work enables students to coBpecimen by themselves, to construct a
taxonomic list of organisms, to recall the struatutetail of the organisms and to recall the
detail of an ecological sampling methodology in fileé&l better than in a classroom setting.
Easton and Gilburn (2012) also showed that fielsdrses can increase students’ attainment
and improve their cognitive learning in undergraduaiology courses. Wolfe and Martin
(2013) also showed that field studies encouragdesiis to ask questions about nature,
formulate hypotheses for answering questions, et@liconclusions and provide an
opportunity for students to refine observation argliry skills beyond a set of laboratory
exercises and classroom lectures.

Fieldwork is generally considered an essential @spkteaching and learning about
biology, at both school and university levels (Gotiand cotton, 2009). They noted that
fieldwork is often claimed to improve students’ ri@ag, with suggested educational
benefits including: better retention of acquiredowiedge, enhanced motivation and
higher-order learning and development of practiskills. In addition to the direct
educational benefits, fieldwork has been reportedntrease students’ confidence and
motivation (Boyle et al., 2007; Smith 2004). Acdogito Nundy (1999), the combination
of cognitive and affective domains in the field n@apvide enhanced learning outcomes,
perhaps because learning experiences which aredppear to be more memorable in the
longer term. Lee (1997) conducted a study to exarthie impact of field trips on students’
learning of specific biology topics. The result ateadl that students in the field trip groups

had higher achievement as measured by quiz sdwarghose in the laboratory groups.
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Rickinson et al. (2004) stated that fieldwork cavéna positive impact on students’
long-term memory due to the memorable nature of fielelwork setting. Effective
fieldwork and residential experience in particutzan lead to individual growth and
improvements in social skills. More importantlyeth can be reinforcement between the
affective and the cognitive domains, with eachueficing the other and providing a bridge
to higher order learning. EI-Mowafy( 2014) desesbthat assessment of fieldwork
activities in the field involves specific prepamatj instantaneous interaction, practice and
the use of various tools such as equipment checkbecking safety policies and
procedures prior to commencing fieldwork, profesai field booking for recording of
data and notes, field procedure, problem solvimgterpretation of results, practical
checks at different phases of the work includingifieation of final results and
compliance with professional practice in all of thieove. Tal, Alon and Morag (2014),
described three variables that affect the qualitiieddwork the activity and its outcomes.
These variables include: (1) the context—the scleadliculum, the physical environment,
the group’s background and so forth; (2) the pedga@gmnd the agents who implement this
pedagogy—teachers, field guides, the studentstaidinterest, and (3) the content of the
field trip.

According to Cotton and Cotton (2009), a numbebafriers to fieldwork provision
in higher education have been identified includiagdwindling number of lecturers with
appropriate field skills, fear of litigation if s@thing goes wrong, reluctance of students to
spend time away from family or work commitmentsreasing use of virtual methods as
alternatives to fieldwork and the need for fieldlwdo be accessible for students with
disabilities. Over and above these specific bagrier wider questions about the financial

viability of fieldwork in a system of mass highedueation, and about its educational
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benefits. Madden (2009) recommended that succeBsfdlstudies require consideration

of the content, context, and design of the interfagd projects.

2.11 Conceptual Frame work

The model (Figure 1) shown below, demonstrategdseimption is that the competence
of students is mainly influenced by the curriculumethodology (instruction, instructors’
experience, instructors’ qualification etc) leagianvironments, such as availability of
laboratory equipment, standard and assessment dsgtlsbudents’ prior high school

background and understanding science process.skills

Curriculum
Understanding of l
Science Process Methodology
siifis wniatd {z==n
Competencies
Prior EIm l Availability of
background I lab Equipment
Assessment
methods

Figure 1: Conceptual model of the relationship of &rious factors with science laboratory skill
competencies

2.12 Summary

This chapter discusses the review of related tiieea The chapter starts with a brief
explanation of the laboratory work and its rolesicience education in general and in

biology education in particular. It also focusesamsessment of laboratory work, inquiry
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and science process skills, the role of laboratoayuals in biology laboratory instruction
and the different approaches for the analysis efléiboratory manuals, effectiveness of
laboratory practical activities, the relationshigetweeen students’ laboratory skill
performance and their prior background, instrucExperiences and students attitudes. It
discusses the development of a conceptual modehandiesign of the model.

It presents the task of the current research, wiiak to assess the level of the
students’ biology laboratory skill performance, ntiy the most predicting variable and
investigate whether there is relationship or notwken the availability of laboratory

materials and students competency in Ethiopianeusities.
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CHAPTER THREE
3 METHODOLOGY

3.1 Introduction

This study addressed the evaluation of undergradoiatogy practical activities in
Ethiopian universities in order to draw possibleoramendations for the higher institutions
about how to improve the learning-teaching processbiology laboratory practical
activities.

In this chapter the research design, population aathple of the research,
instruments used in the study, validity and religbbf instruments, procedures for data

collection, data analysis methods and discussiathotal issues are provided.

3.2 Research Design

A descriptive sequential mixed method design wasdwend it involved collecting
guantitative data first and then explaining thergiiative results with in-depth qualitative
data. In the first quantitative phase of the stuthta were collected using questionnaires
from the sample of third year biology students Ime& universities to test whether
students’ laboratory practical skills with DeficenLevel of the Availability of Laboratory
Resource(DLALR), Insufficient Use of Laboratory Rasces(lULR), instructors’
experiences, instructors’ qualifications, studertteickground, students’ attitudes, the
organization of the laboratory, and the numbegxgferiments in each course, presence of
laboratory manual for each activities, size of grqundependent variable) relate to the
students’ laboratory practical skill performancerec( dependent variable).

The second, qualitative phase was conducted adlavfap to the quantitative

variable results to explain the quantitative resulb this descriptive follow up, the plan
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was to evaluate the undergraduate biology studersisme Ethiopian universities based on
laboratory skill performance rubric developed by ttesearcher with seven levels of
Laboratory Task Analysis Instrument (LAI) with aew of identifying areas of deficiency

and then providing possible recommendations todrigiducation authorities in Ethiopia

on how to improve the teaching and learning of focatbiology in the country.

3.3 Population and Sampling Techniques

From all governmental universities in Ethiopia,efruniversities were purposefully
selected as case study. There are two reasonshebg universities are selected. Firstly,
the universities have different length of work estpeces and resources. University “A” or
“aged University” has over 20 years of teachingezignces; University “B” or “middle-
aged” has about 10 years of teaching experienoestJaiversity “C” or “new University”
has 6 years of experiences. Secondly, the locatbtise universities to the researcher are
appropriate to manage the data collection procespedy and are found in the same
administrative region. All the third year biologstudents, biology instructors and
laboratory assistants were selected as sample atttiay. Third year biology students were
selected as samples of the study because they lheatdya completed their intended
laboratory works. The study was conducted withdarof 208 students (118 male and 90

female students), 26 instructors and 2 laboratssyséants.

3.4 Instruments

The research method for this study encompasses ifwsiruments: rubrics for
laboratory practical skill performance test, quastiaires for students and instructors,
evaluation of laboratory organization, semistrueturinterview and Laboratory Task

Analysis Instrument (LAI)
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3.4.1 Rubrics

The rubrics (Appendix A) were developed by the aesleer. The purpose of the
rubrics was to test the laboratory skills perforecenf individual students the three basic
biology laboratory manipulative skills. The threere manipulative laboratory tasks were
identifying the basic biology laboratory equipmentcurate and precise use of light

microscope and measuring weights and volumes.

3.4.2 Questionnaires for Students

The students’ questionnaires were developed bydbkearcher in order obtain data
regarding with students background, attitudes,@ardonal views of the biology laboratory
activates. The questionnaires contain four pams iticlude 42 items (Appendix C). The
first part includes demographic questions; the wsé@cpart includes questions about
students’ back ground and attitudes, and the tbérd includes questions about students’
personal views and believes they have undertakémeinthree years of university biology
laboratory practical skills, and the fourth pareisluation of students laboratory practical
skills based on the graduate profile set in theiculum. The close-ended questionnaires

were designed with Likert scale (1-5 scale).

3.4.3 Questionnaires to Instructors and Laboratory Assistants

The questionnaires were developed by the resealich@rder to get data regarding
instructors teaching experiences, attitudes andadwigy of laboratory materials, their
practical skills and laboratory practical assessmerethods ( Appendix D). The
guestionnaires have five levels close-ended Lilsrale questions and open-ended

guestions. The questionnaires contain three ghas include 42 items. The first part
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includes demographic questions; the second partludes questions about
instructors’/laboratory assistants’ backgroundjtiates and laboratory skill assessment
methods. The third part includasailability and use of laboratory resources, d@fourth

includes questions of laboratory practical skisessment methods.

3.4.4 Laboratory Task Analysis Instrument
Laboratory Task Analysis Instrument (Appendix B)swieveloped from a modified

version of Tweedy and Hoese (2005) laboratory taslysis inventory in order to analyze
the laboratory manuals for their acquisition of thesic and integrated science process
skills. The instrument was first developed by Taand Lunetta (1978) and German et al.
(1996) with certain modification. There are two maeasons for the need to modify the
laboratory task analysis used by Tweedy and Ho2865|. Firstly, the measuring and
using numbers and manipulative materials are iraratpd here in this study because these
skills are important science process skills thatdents should acquire in biology
laboratory. Secondly, scientific communication neluded in this study because it is an
important science process skill. The LaboratonskT@&nalysis Instrument evaluates
whether the student is asked to 1) prepare betdyeratory, 2) plan and design , 3)
measure and use numbers , 4) manipulate mates)aiscord results, make qualitative and
guantitative relationships,6) draw conclusions, af)dcommunicate and interpret the

results.

3.5 Procedures for Data Collection

3.5.1 Laboratory Practical Skill Performance Test

The student course achievement in undergraduateglyigprogram was measured

by cumulative grade point average (CGPA). Researatwind the word used the GPA
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to measure the student course achievementih@al 2006; Darling, Caldwell and
Smith, 2005). They used GPA to measure studerforpgance in particular
semester. The research method for this study epassas laboratory practical skill
performance test for third year biology undergraduatudents. Students’ prior
achievement of higher education entrance examimateore obtained from students self
report before performing the laboratory practidall performance test.

Individual laboratory practical skill performantest was implemented to 55 randomly
selected third year students from the selectedeusities(19 students from university A, 20
students from University B and 16 students from university C). The reason why only 55 third
year biology students were administered with \idhlial laboratory practical skill
performance test is that the test is time takirfighe test was designed with a specific
strategy to assess three core manipulative lalryrakills:

« |dentifying the basic biology laboratory equipment
» Accurate and precise use of light micropipette,
* Measuring weights and volumes
The three laboratory skills were selected for #&son that they are the basic and
minimum laboratory practices for undergraduatedgglstudents. The students’ laboratory
practical skill performances were assessed by @ctUbvery student was evaluated by two
raters. The raters were all biology instructors wtained by the researcher for two hours
how to evaluate the performance of each studenhando use the rubric.
The inter rater agreement was computed by the 8eacorrelation coefficient as
shown in Table 2 below, rho=0.86 which is sigrifit (p=0.000) at the 0.01 level and the

intra-class correlation coefficient between rateas 0.94.
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Table 2: The inter rater agreement correlation cdiefent and the intra-class correlation coefficient

Raterl Rater2

Spearman's rt  Rater. Correlation Coefficier 1.00( 0.85¢"
Sig. (c-tailed . 0.00C
N 55 55

Rater: Correlation Coefficier .85¢" 1.00¢
Sig. (c-tailed .00C
N 55 55

**_Correlation is significant at the 0.01vel (Z-tailed)

3.5.2 Questionnaires for Students and Instructors

A. Students’ Questionnaires: Following the practical skill performance test,
guestionnaire was completed. A total of 252 prirgeéstionnaires were distributed to be
completed by the students over night and 208 8B.2ompleted questionnaires were
returned from three universities (76 questionnairesh university “A”, 65 questionnaires
from university “B” and 67 questionnaires from uaigity “C”). The questionnaires were
distributed to the currently third year biology demts and the completed questionnaires
were analyzed using descriptive and inferentidlsttes using SPSS.

B. Questionnaires to Instructors and Laboratory Assisants: A total of 42 printed
guestionnaires were distributed to be completeder anght by biology instructors and
laboratory assistants and 28 (67%) completed cuesiires were returned from three
universities (6 questionnaires from university A2 questionnaires from university “B”
and 10 questionnaires from university “C”.

C. Interview for instructors and laboratory Assistants: From each university one
instructor and one laboratory assistant were ireer@d for aboutforty five minutes

regarding the instructors experiences, the exist@fidaboratory manuals, the source and
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strength and weakness of the laboratory manuasntjor challenges they face to conduct
laboratory work, the evaluation techniques theytosssess their students’ performance in
the laboratory works and the reasons, the avaiiplof laboratory equipment and the

number of field trips (appendix E). The interviewsre conducted in the laboratories.

3.5.3 Evaluation of Laboratory Organization

Items of availability of biology laboratory equipntewvere assessed. These include
microscopes, spectrophotometers, electrophoregis somputers, and volume and weight
measuring apparatu3he availability of the laboratory equipment weralcalated by
dividing each of the number of available equipm@enthe number of biology students in

each university.

3.5.4 Analysis of Laboratory Manuals

Laboratory manuals are handbook, or worksheet (eiofsand Lunetta, 2004) that
should provide step-by-step detailed instructigaer(mann et al.1996). Laboratory exercise
is defined as an individual experiment or obseoratset up in a laboratory manual to
investigate a particular problem or hypothesis €Ret 2006).The available laboratory
manuals used in each university were collected. tAd laboratory manuals were not
published but prepared by the instructors in thivarsities. Each activity in each course
was evaluated with seven categories of LaboratamgkTAnalysis Instrument (LAI)
modified version.

The laboratory exercise requirement of the Ethiogtarmonized Curriculum for
BSc Degree Program in biology (2009) syllabus weasrened to gain information on the

number and type of laboratory exercises recommenddn, after the analysis of the
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curriculum syllabus, the analysis of the availablelogy laboratory manuals for each
course in each university was conducted to getrnmétion in the number of laboratory
exercises recommended to laboratory instructorse Basic and integrated science process

skills were categorized in the seven categoriepéhgix B).

A single laboratory exercise from each laboratorgnoal was assessed by the
researcher and another evaluator. The inter-ratebility was 83.5%. The collected data
for each course was summarized at the universigl.l&hen, the summarized data were
added into the SPSS data file to analyze the vamiaimong universities. The data obtained

in the study were analyzed by using the SPSS ttatiprogram.

3.6 Validity and Reliability of the Instruments

Validity is the accuracy of an instrument to measwhat it is designed to measure.

Reliability is the degree of consistency with whitte same instrument measures under
consistent conditions and getting the same res@olafshani, 2003). Prior to
administration, the laboratory practical skill pgrhance test was submitted to a group four
biology professors for an assessment of its contahidity. The purpose of the content
validation was to get the draft item moderatedstoade reliable.
The reliability of the students’ and instructorsiestionnaires was determined using pilot
study. The purpose of the pilot research was toagsquacy of the questionnaires and to
improve the internal validity of the questionnaisesl test the effectiveness the statistical
and analytical process (Simon, 2011).

The questionnaires were administered to all 42 tlygar biology students of the
previous batch and 14 biology instructors. The deda analyzed using reliability analysis

of the SPSS and the reliability of the instrumemisvCronbach's alpha value of 0.91 and
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0.83 for students and instructors’ questionnaiespectively indicate that there is a high

internal consistency (Tan, 2009).

3.7 Data Analysis

The collected data was transferred into the SP$& fda and the variation among

universities was analyzed using the following meso

3.7.1 Instructors and Students’ Questionnaires

Descriptive statistics was used to find out the berof biology laboratory sessions
per course being conducted in the sample univessdand to summarize laboratory skill
performance test results of universities and stisd@erception on the acquisition of
competences and skills prescribed on the harmomazedctulum.

Kruskal-Wallis Test was used to determine studguesteption on the acquisition of
students’ competencies and skills in different emsities. One way ANOVA was used to

analyze the instructors’ manipulative skills amading universities.

3.7.2 Laboratory Practical Skill Performance Test
Descriptive statistics was used sammarize the laboratory skill performance test

results of the universities. Student’s t- test BAHMOVA were used to compare the
achievement levels of the students who performedicbdiology laboratory skill

performance test in the universities.

Pearson correlation was used to determine whetheretwas a significant
relationship (association) between the independemtables and students’ laboratory
practical skill performance. Multiple Regressioralgsis with linear function was used to
find out the differential impact (causal-relatiohand T-test to compare the achievement

levels of the students who performed basic biolagypratory skill performance test.
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3.7.3 Analysis of Laboratory Manuals

Descriptive statistics was used to summarize aradyae the extent of the science

process skills included in the laboratory manuals.

3.8 Ethics

The Institute for Science and Technology EducatiofNISA ethical clearance
application form has completed. The applicationtf® ethical clearance was considered
by the Institute for Science and Technology Edwucasub-committee in the College of
Graduate Studies on the behalf of the UNISA reseathics review committee and
approved (Appendix F). Permission from all indivéds and universities participating
were obtained prior to collecting personal inforimat(appendix G). The confidentiality of
all individuals was respected and name of itividuals and institutes involved in the
guestionnaires and interviews were remaining an@ugr(appendix C and D) and other

ideas are properly cited.
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4 RESULTS

CHAPTER FOUR

This chapter focuses on the presentation of firglirof the research and analysis of

the data in order to answer the research questions

4.1 The number of Practical Activities in Undergraduate Biology

Laboratory Program

Table 3: Number of laboratory session per coursesi@ucting in sample universities

Number of
laboratory
sessions/ Cumulative
course Frequenc'Percent Valid Percent Percent

Valid 1-2 44 21.2 21.7 21.7
3-4 70 33.7 34.5 56.2
5-6 32 15.4 15.8 71.9
7-8 25 12.0 12.3 84.2
9-10 9 4.3 4.4 88.7
11-12 6 2.9 3.0 91.6
13-14 14 6.7 6.9 98.5
15-16 3 14 1.5 100.0
Total 203 97.6 100.0

Missing System 5 2.4

Total(N) 208 100.0

From the Table 3 above, 56.2% of the students resgab that they only had

between one and four biology laboratory practiadlthe average recommended number of

practical in the curriculum is 9 (the range is frénto 16) and the time allotted for each
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practical session is 3 hours. More than 84.2% efl#boratory activities are below the
average number of laboratory activities recommernmetthe curriculum.

There is no significant difference between universiin the number of practical
activities of undergraduate biology laboratory\dti#s conducting.

Table 4: Percent of laboratory activities implemewdtas surveyed from instructors

Cumulative

Frequency Percent Valid Percent Percent

Valid 1-20% 8 28.¢ 28.¢€ 28.¢
21-40% 7 25.( 25.( 53.€
41-60% 4 14.% 14.: 67.¢
61-80% 4 14.% 14.: 82.1
81-100% 5 17.¢ 17.¢ 100.(
Total(N) 28 100.C  100.C

The number of implemented practical laboratory isessfrom the recommended
practical sessions in the curriculum is from 11%8@86. About 53.6% of the instructors
agreed that only up to 40% of the recommended &bor activities are performed in the
universities (see Table 4).

From instructors interview and open-ended questithe reasons for the low
number of implementation of the laboratory pradtiaee lack of facilities and lack of
laboratory manuals and references, large classsipetage of time, low payment rate, low
encouragement, lack of laboratory manuals, absefcespecimens, lack of proper
laboratory set up and lack of laboratory technisjashortage of laboratory rooms and

shortage of professionals.
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Table 5:Rank of biology courses where students did motediatory practical activities

Course name Rank from Rank from Rank from Rank from
the three  University University University
universities A B C

Introduction to Biological 1 1 1 1

Laboratory Techniques

Phycology 5 11 8 3

Bryophytes and 10 4 9 13

Pteridophytes

Seed Plants 6 3 4 7

Invertebrate Zoology 9 2 11 12

Vertebrate Zoology 12 4 12 14

Cell Biology 7 8 6 6

Mycology 3 6 5 4

General Entomology 11 9 10 10

Principles of Genetics 13 13 13 11

Principles of Parasitology 8 10 3 8

General Microbiology 2 7 2 5

Plant Physiology 4 14 7 2

Applied Entomology 14 12 14 9

The students were asked to rank the laboratorytipghcactivities for biology
courses they did from 1 to 14, where 1 for most aador least. As shown in Table 5
above, Introduction to Biological Techniques watedafirst in which students did more
practical activities in the three universities. Hamer, ranks of other courses were greatly
varied from university to university. This may beedto the differences in instructors,

experience, availability of laboratory equipmentl amanuals.

4.2 The Extent of Biology Students Acquire the Competen cies
and Skills Prescribed in the Graduate Profile

Ten Likert scale questiorfdppendix C-1V) on a scale of 1 (strongly disagree)
5 (strongly agree) about the acquisition of compats and skills were administered to

208 students in the sample universities. Studeertseived that they have the ability to
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perform the competences and skills prescribed emtidergraduate biology curriculum.
As shown in Table 6, more than 51% of the studagteed and 24 % strongly agreed
that they have the ability to perform the competesi@and skills prescribed on the
biology curriculum. About 25%, of the students dised or not sure about their ability
to perform the competencies and skills prescribethe biology curriculum of the old,
the middle and new universities respectively.

As shown in Table 6, there was no significant dédfece in participants’ responses
about the acquisition of competencies and skiltsgfeestion number 1, 2, 3, 7, 8, 9 and10.
However, there was a significant difference in #oguisition of competencies and skills
for question number 4, 5 and 6. University B andrersity C had the higher mean rank

than university C (the older university).
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Table 6: Students response on the acquisition afngetencies and skills prescribed on the harmonibéalogy curriculum

Competencies Strongly Disagree Disagree Not Sure Agree Strongly Agree
« 2 B 2.2, 2. 3, B, 2, B, 2, b, . 2, 2
eN &1 =2z zz 22 2z =z2zZ 22z 22¢2 4 z2Z zz zz =zz zz
z = ; = 5 S 5 5 S 5 5 5 5 5 S 5 5
| am able to relate things learned in the class t - 0 0 2 3 0 7 6 2 53 38 56 13 16 9
daily life, transform them into practice and
solve problems 3% 0% 0% 26% 4.6% 0% 9.2% 92% 3% 69.7% 585% 83.6% 17.1% 24.6% 13.4%
| am able to do experiments, and to use 2 0 0 3 0 0 11 4 5 39 40 46 21 19 16
laboratory equipment 2.6% 0% 0% 3.9% 0% 0% 145% 6.2% 7.5% 51.3% 61.5% 68.7% 27.6% 29.2% 23.9%
| can design a scientific procedure to answer 1 0 0 6 4 2 10 18 24 39 34 31 20 7 10
guestion 1.3% 0% 0% 79% 62% 3% 13.2% 27.7% 358% 51.3% 52.3% 46.3% 26.3% 10.8% 14.9%
| am able to conduct researches in varic 0 1 0 5 3 2 11 10 17 41 38 36 19 11 11
biological disciplines 0% 1.5% 0% 6.6% 4.6% 3% 145% 15.4% 254% 53.9% 585% 53.7% 25.0% 16.9% 16.4%
| am able to collect data systematically, cataéo( 4 1 1 2 3 6 19 6 12 38 35 36 13 18 12

and preserve field biological materials a 53% 15% 15% 2.6% 4.6% 9% 25% 9.2% 17.9% 50% 53.8% 53.7% 17.1% 27.7% 17.9%

museum specimens of plants, animals ¢

microbes
| am able to apply the techniques of culture mer 2 1 1 5 2 3 13 5 5 35 26 35 21 28 23
and carry out culturing, isolation and 26% 15% 15% 6.6% 31% 45% 17.1% 7.7% 7.5% 46.1% 40.0% 52.2% 27.6% 43.1% 34.3%
identification of micro-organisms and report
| am able to analyze and interpret biologicabd 1 2 1 3 2 5 14 8 7 37 31 37 21 20 16
and write and present scientific reports 13% 3.1% 1.5% 3.9% 31% 75% 18.4% 12.3% 10.4% 48.7% 47.7% 552% 27.6% 30.8% 23.9%
| am able to operate basic biological equipment 2 0 1 5 3 3 13 10 17 38 38 28 18 11 18
26% 0% 1.5% 6.6% 4.6% 45% 17.1% 154% 254% 50% 58.5% 41.8% 23.7% 16.9% 26.9%
| am able to solve environmental and conserva 3 0 0 1 3 4 13 7 8 33 38 32 26 15 22
problems of the Country. 39% 0% 0% 13% 4.6% 6% 17.1% 10.8% 11.9% 43.4% 585% 47.8% 34.2% 23.1% 32.8%
10 | can design ways to prevent infectious diseases 1 0 2 2 3 2 8 4 3 38 34 32 27 21 28
1.3% 0% 3% 26% 46% 3% 10.5% 6.2% 4.5% 50% 52.3% 47.8% 355% 32.3% 41.8%
Total 17 5 6 34 26 27 119 78 100 391 352 369 199 166 165

2.2% 0.8% 09% 45% 4.1% 4.0% 15.7% 12.4%  15.0% 51.4% 56.1% 55.3% 26.2% 26.5% 24.7%
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Table 7: Kruskal-Wallis Test about students’ respe on the acquisition of competencies and skilts i
different universities

Q1 Skills University N Mean Rank
1 I am able to relate things learned in the clasddity life, A 76 99.73
transform them into practice and solve problems B 63 106.44
C 67 105.01
Total 206
2 I am able to do experiments, and to use laboriA 76 96.92
equipment B 63 110.69
C 67 104.20
Total 206
3 I can design a scientific procedure to answer jqouest A 76 115.57
B 63 96.06
C 67 96.80
Total 206
4 | am able to conduct researches in various biokd A 76 108.82
disciplines B 63 102.01
C 66 97.25
Total 205
5 I am able to collect data systematically, catalogune A 76 95.64
preserve field biological materials and museum ispegsg 63 117.47
of plants, animals and microbes c 67 99 28
Total 206
6 | am able to apply the techniques of culture mediajA 76 91.35
carry out culturing, isolation and identificatiori micro- g 62 114.85
organisms and report c 67 105.25
Total 205
7 | am able to analyze and interpret biological datd write A 76 101.91
and present scientific reports B 63 108.06
C 67 101.01
Total 206
8 | am able to operate basic biological equipment A 76 102.90
B 62 103.56
C 67 102.59
Total 205
9 I am able to solve environmental and conserviA 76 104.14
problems of the Country. B 63 100.05
C 67 106.02
Total 206
10 I can design ways to prevent infectious diseases A 76 100.36
B 62 100.73
C 67 108.09
Total 205
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The questions were analyzed inferentially with teuskal-Wallis Analysis of
Variance test (Table 7), with the age of univerdiging the independent variable. The
results indicate that there were no significanfedénces in participants’ responses on a
scale of 1 (strongly disagree) to 5 (strongly agree

Table 8: Rank of biology courses where studentswogmost important skills for their life career im the
laboratory practical

Code Course name Rank from alRank from Rank from Rank from
the three University University University
universities A B C

A Introduction to Biological 1 1 1 1

Laboratory Techniques

B  Phycology 5 11 8 3

C  Bryophytes and Pteridophytes 10 4 9 13

D Seed Plants 6 3 4 7

E Invertebrate Zoology 9 2 11 12

F  Vertebrate Zoology 12 4 12 14

G Cell Biology 7 8 6 6

H  Mycology 3 6 5 4

I General Entomology 11 9 10 10

J Principles of Genetics 13 13 13 11

K Principles of Parasitology 8 10 3 8

L  General Microbiology 2 7 2 5

M  Plant Physiology 4 14 7 2

N  Applied Entomology 14 12 14 9

Students were also asked to rank the biology ceutsey acquire most important
skills for their life career from 1 to 14, wherefdr most and 14 for least. As shown in
Table 8 above, the students’ perception regardiegrhportance of the biology laboratory
practical activities for their life career variesbin university to university indicating that
student’s attitudes might be affected by in indttis experience, availability of laboratory

equipment and manuals.
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Table 9: Laboratory skill performance test resutk$ universities

Weight  University A University B University C
of score
Std. Std. Std.
N Mean Deviation N Mean Deviation N Mean Deviation

GPA 16 280 0.46 16 2.74 0.55 19 271 0.63
Identification ol 10 16 7.25 3.04 20 540 3.36 19 7.16 2.65
laboratory equipment
Function of laborator 10 16 7.63 2.63 20 4.90 3.09 19 5.16 2.81
equipment
Handling of microscope 4 16 347 0.72 20 1.68 0.98 19 1.92 0.87
Setting of microscope 4 16 353 0381 20 225 0.79 19 221 0.56
Mounting of specimen 4 16 3.19 0.85 20 1.73 0.75 19 1.76 0.82
Staining of specimen 4 16 209 1.37 20 193 1.02 19 1.63 0.88
Focusing of i 4 16 256 0.60 20 185 0.1 19 1.58 0.65
microscope from low t
high power objectives
Estimation of diameter ¢ 4 16 0.00 0.00 19 0.00 0.00 19 0.00 0.00
field of vision
Drawing of specime 4 16 1.06 1.06 19 0.26 0.56 19 o011 0.32
seen in the microscop
Measuring liquid in liter 4 16 147 1.06 20 050 0.58 19 0.61 0.91
ml and pl
Measuring weight in gn 5 16 1.34 0.85 20 0.90 0.60 19 0.42 0.75
mg and pg
Total 57 36.39 13.45 24.14 13.09 25.27 11.85

Laboratory skill performance test was carried omt 55 students in the three

universities with a rubric (Appendix A). The scavas evaluated out of 60 mark8s can

be seen in Table 9 above, students performed bettaedentification of laboratory

equipment (6.55£3.11) and function of laboratoryipment (5.75+3.06).

The most challenging skills for the students westtngation of diameter of field of

vision, focusing, setting of microscope, mountisgining, drawing and measuring weight
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and liquid. None of the students were able to ettrand determine the field of vision of a
microscope. The highest score (33.3916.46) wasimddaby students in the aged
university and least score (21.4+9.55) was obtaibgdstudents in the middle-aged
university.

Table 10: Skill Performance Test Result Between-itarsities t-test ( p<0.05)

Universities N Mean STDEV Between p
universities
A( old) 16 33.60 6.46 Between A and B  0.0000
6
B( middle-aged) 20 21.38 9.55 Between A and C 0.0000
6
C(new) 19 22.56 7.70 Between B and C 0.67

The results of the analysis regarding the diffeesndetween universities in
laboratory skill performance were examined by stiidet-test (see Table 10). There is a
high significant difference among the three uniitess. However, there is no significant

difference between the middle-aged and the neweusiiies.
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Table 11: One way ANOVA analysis of students’ perfrance test scores of various activities among
universities

Sum ol
Squares df Mean Square F Sig.

Identification of Between Groups 41.310 2 20.655 2.236 0.117
laboratory equipmentyyithin Groups ~ 480.326 52 9.237

Total 521.636 54
Fun_ction of laborator Between Groups 77.306 2 38.653 4.695 0.013*
equipment Within Groups 428.076 52 8.232

Total 505.382 54
Handling of Between Groups 32.378 2 16.189 21.310 0.000**
microscope Within Groups 39.503 52 .760

Total 71.882 54
Setting of microscope¢Between Groups 19.203 2 9.602 18.395 0.000**

Within Groups 27.142 52 522

Total 46.345 54
Mounting of specime Between Groups 23.668 2 11.834 18.174 0.000**

Within Groups 33.859 52 .651

Total 57.527 54
Staining of specimen Between Groups 1.941 2 971 .818 0.447

Within Groups 61.668 52 1.186

Total 63.609 54
Focusing of a Between Groups 8.808 2 4.404 8.939 0.000**
microscope from low \ithin Groups ~ 25.619 52 493
to high power
objectives Total 34.427 54
Estimation of Between Groups .000 2 .000 a. .a
diameter of field of \vjthin Groups ~ .000 51 .000
vision Total .000 53
Drawing of specimenBetween Groups 8.922 2 4.461 9.320 0.000**
seen in the Microsco|wyithin Groups ~ 24.411 51 479

Total 33.333 53
measuring liquid in  Between Groups 9.658 2 4.829 6.604 0.003**
liter, ml and ul Within Groups ~ 38.024 52 731

Total 47.682 54
measuring weight in Between Groups 7.436 2 3.718 6.957 0.002**
gm, mg and pg Within Groups ~ 27.791 52 534

Total 35.227 54

**Correlation is significant at the 0.01 level (&ited).
*. Correlation is significant at the 0.05 level (2-tailed).
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The biology laboratory skill performance test résubs computed by one way
ANOVA to determine whether there is a significaiffedtence in specific skill or not. As
shown in Table 11 above, there is a significanted#ince in the biology laboratory skill

performance.

Table 12: Correlation between laboratory skills permance and other independent variables
Skill Sig. (1-tailed)

Higher education entrance exam  0.003

score
High school laboratory back ground  0.167

Maximum number of laboratory 0.233

session

Availability Laboratory resource 0.003
Instructors’ experience 0.000
Instructors’ qualification 0.011
Instructors’ manipulative skills 0.326
Efficient use of laboratory 0.110

Correlation and multiple regression analyses wewadacted to examine the
relationship between third year biology under geddustudents’ laboratory performance
skill and various potential predictors, such ashbrgeducation entrance exam score, high
school background, number of laboratory sessiorey tbhonducted, availability of
laboratory resources, instructors experience, uogtrs’  qualification, instructors’
manipulative skills and efficient use of laboratagsources. The multiple regression
model with all predictors produced R? = .355, F4%) = 5.174, p < .001. As can be seen in
the correlation in Table 12, students’ laboratomrfgrmance skills is significantly

positively correlated with their higher educationtrance exam score, availability of

58



laboratory resources and instructors’ experiendeating that those with higher scores on
these predictive variables tend to have higher estied laboratory performance skills.

Instructors’ experience had significant positivgresssion weights.

4.3 The relationship between the availability/unavailab ility of
laboratory equipment and the students’ laboratory s kill
performance

Table 13: Availability of Laboratory Equipment irhe universities

5 @
-~ & g =
B 8 e 2 = N [} =
s 9 S 3 ) ol 3] 3 2
2 5 2 S &5 o o @ 3 S 5
> 5 =° 3] < = 5 £ o = o o < B
® B 8 E s & £ ¥ ¢ ©& o 8§ 7 2 =
S 3 = . = o a S 9 o = o © S .
25 5 & 8 5B EE OB 5 B g 3OToEE
> =z z z n w (@) o a = @ = < £ O @ P
A 97 007 052 001 0 0.06 010 103 004 006 008030004 001 0.1 215
B 68 003 044 O 004 002 022 074 004 003 00030004 002 0 172
C 87 002 023 001 O 001 003 035 0 001 001 00101 001 0 o7
The value of the availability of laboratory equipmevas determined by indeihe
Rumber af coudpmeints
index = ). As shown in Table 13 aboy¢he availability of

fmomebor of sluieniy
laboratory equipment is related with the age ofuheversities in that the older university

has the highest value (2.15) and the new univelsisythe least value (0.7).
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4.4 Instructors’ Manipulative Skills and Teaching Exper ience

Table 14: Frequencies of Instructor’'s manipulativ&kills to conduct experiments

Use of  Use of Use of
Use of Spectropt Electropho Use of Qualitative Culturing Preserve
microscope otometer resis LCT food test  Culturing fungi tion staining
N Valid 28 27 26 27 28 28 28 27 27
Missing 0 1 2 1 0 0 0 1 1
Mean 4.25 2.63 2.15 2.19 3.68 3.71 3.21 3.41 2.89
Median 4.00 2.00 1.00 2.00 4.00 4.00 3.00 4.00 3.00
Mode 4 1 1 1 4 5 3 4 2
Std. Deviation 752 1.597 1.515 1.302 1.249 1.182 1.343 1.185 1.251
Variance .565 2.550 2.295 1.695 1.560 1.397 1.804 1405 1.564
Range 3 4 4 4 4 4 4 4 4
Sum 119 71 56 59 103 104 90 92 78
Percentiles 10 3.00 1.00 1.00 1.00 1.90 2.00 1.00 1.80 1.00
20 4.00 1.00 1.00 1.00 2.00 2.80 2.00 2.00 2.00
30 4.00 1.00 1.00 1.00 3.00 3.00 2.00 3.00 2.00
40 4.00 1.20 1.00 1.00 4.00 3.60 3.00 3.20 2.00
50 4.00 2.00 1.00 2.00 4.00 4.00 3.00 4.00 3.00
60 4.40 3.80 2.00 2.00 4.00 4.00 3.40 4.00 3.00
70 5.00 4.00 3.00 3.00 4.30 5.00 4.00 4.00 3.60
80 5.00 4.00 3.60 4.00 5.00 5.00 5.00 4.00 4.00
90 5.00 5.00 5.00 4.00 5.00 5.00 5.00 5.00 5.00

Descriptive analysis of Likert Scale (from 1 poar % excellent) was used to
determine instructors’ manipulative skills to contlexperiments on the use of light
microscope, spectrophotometer, electrophoresisuidigchromatography techniques,
qualitative food test, microbial culturing, isolati and gram staining techniques, culturing
and growing of fungi species, collection and preggon of insects and staining and
identification of chromosomes during cell divisi(see Table 14). The skills are prescribed

in the under graduate biology curriculum as thelgage profile.
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Instructor’s self-reported results about their rpafative skills showed that (Table
14) about 89% of the instructors can manipulateresmope and about 70% of the
instructors can do qualitative food test, culturfnggi and preserving animals. However,
over 65% of the instructors do not have good mdatme skills to conduct experiments
using electrophoresis; and 50% of the instructoraat have manipulative skills to conduct

experiments using spectrophotometer, liquid chrograiphy and staining techniques.

Table 15: One way ANOVA analysis in instructors’ migulative skills among universities

Sum of Square: df Mean Square F Sig.

Between Groups .016 2 .008 .013 0.987
Use of microscope Within Groups 15.234 25 .609

Total 15.250 27

Between Groups 11.897 2 5.949 2.625 0.093
Spectrophotometer Within Groups 54.399 24 2.267

Total 66.296 26

Between Groups 5.885 2 2,942 1.314 0.288
Electrophoresis Within Groups 51.500 23 2.239

Total 57.385 25

Between Groups 2.852 2 1.426 .830 0.448
LCT Within Groups 41.222 24 1.718

Total 44.074 26

Between Groups 726 2 363 .219 0.805
Qualitative food test Within Groups 41.381 25 1.655

Total 42.107 27

Between Groups 1.857 2 929  .647 0.532
Culturing Within Groups 35.857 25 1.434

Total 37.714 27

Between Groups 4.052 2 2.026 1.134 0.338
Culturing fungi Within Groups 44.663 25 1.787

Total 48.714 27

Between Groups 4.269 2 2.134 1.588 0.225
Preserving specimer Within Groups 32.250 24 1.344

Total 36.519 26

Between Groups 6.417 2 3.208 2.248 0.127
Staining specimens Within Groups 34.250 24 1.427

Total 40.667 26
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One way ANOVA analysis (Table 15) revealed thatrehés no significant
difference in instructors’ manipulative skills angoruniversities (p> 0.09). Pearson
correlation analysis shows that instructors mamiting skills is neither correlated with

gualification nor teaching experience>(P056).

4.5 Laboratory Practical Assessment Methods Used by
Instructors

Table 16: Assessment method of the laboratory picadtactivities

University %
A B C Total

Assessmer Paperanc penci 0 0 2 2 7.14%
method  |dentification of specime 1 0 1 2 7.14%
Laborator report anc 0 1 0 1 357%

attendance
Laborator repor anc

Identification of specime 1 9 3 13 46.43%

Laborator reportanc 5 2 3 1C 35.712%

written
Total 7 12 9 28 100%

The results show that about 46.4% of the instrgctase laboratory report and
identification of specimen and 35.7% of the instoug use laboratory report and written
examinations (Table 16). From the instructors’ goesaires and interviews, the results
indicate that the instructors believe that thesenfoof assessment help to evaluate the
students’ knowledge and skills, to include all cgpis, to assess students’ ability, to

address the diversity of students learning stylé tandevelop students’ skills in writing
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laboratory reports. The instructors also mentiortdt written examinations are
appropriate methods because they help the instaicto check whether the students
conducted the practical individually, understood pnactical and to evaluate how much the

students remember the observations they made.

4.6 The Relationship between the Biology Laboratory Ski Il
Performance and Students Course Achievement (GPA)
4.6.1 The relationship between higher education ent  rance exam scores

and undergraduate students’ course achievement

Table 17: Results of the Pearson’s Correlation Agsals of GPA and Laboratory skill performance
activities test score

N=55 Caorrelation r (correlation P significance leel
coefficient

GPA-ILE 0.362 0.009*
GPA-FLE 0.204 0.152
GPA-HM 0.312 0.026*
GPA-SM 0.363 0.006*
GPA-M 0.150 0.293
GPA-Staining 0.057 0.094
GPA-Focusing 0.213 0.133
GPA-EDFV 0.000 0.000*
GPA-Drawing 0.231 0.107
GPA-ML 0.283 0.044*
GPA-MW 0.254 0.072

*Correlation is significant at the 0.05 level

An examination of the results of the Pearson’s etation analysis (Table 17)

revealed that cumulative grade point average (GBA)ositively and significantly
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correlated with higher education entrance examesand biology laboratory test scores but
not with sex and prior high school and preparatmojogy laboratory background.

4.6.2 The relationship between high school laborato  ry experience and
undergraduate biology laboratory practical skills

There is also a significant correlation betweerhbigeducation entrance exam score
(HEEES) andlaboratory skill performance activities test sc@pe0.005). However, biology
laboratory skill test score is not significantlyregated with sex and prior high school and
preparatory school biology laboratory background.

Students’ course achievement (GPA) is significaatig a positively related with
some of laboratory skill performance test scoreshss identification of lab equipment,
handling of microscope, setting of microscope,neation of diameter of field of vision,
measuring liquid. The grade point average (GPA) alas significantly and positively
related with higher education entrance exam scpr®.009). This may be due to
students academic back ground and individual diffees.

An examination of the results of the Pearson’sefation analysis (Table 17)
revealed that there is a significant and a positiimear relationship between the
students’ GPA with identification of lab equipmé&htE), handling of microscope(HM),
setting of microscope(SM), estimation of diametefield of vision(EDFV), measuring
liquid(ML) but not correlated with some of lab dkgerformance activities such as
function of lab equipments(FLE), mounting (M),stamy focusing, drawing and
measuring weight(MW). There is a significant redaghip between higher education

entrance exam score (HEEES) and grade point avépa@e009).
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Table 18: Multiple regression model summary of theedictor variable

Unstadardized Standardized Collinearity
Coefficient Coefficient Statistics
B Std. Beta T Sig. Tolera
Error nce VIF
Constant 2.104 0.267 7.878 0.00
0
High school
laboratory back -0.064 0.036 -0.127 -1.754 0.08 0.980 1.021
ground 1
Sex -0.231 0.078 -0.214 -2.945 0.0®.969 1.032
4

Higher education

entrance exam score 0.003 0.001 0.291 4.041 0.00 0.981 1.020
0

Maximum number

of laboratory session 0.027 0.018 0.111 1551 0.12 0.989 1.011
3

a. Dependent Variable: GPA
Correlation and multiple regression analyses weadearto examine the relationship

between third year biology under graduate studegtade point average (GPA) and
various potential predictors, such as their segh ldichool background, higher education
entrance examination score, and number of labgrasessions they conducted. The
multiple regression model with all the four predrst produced R? = .189, F (4, 163) =
9.257, p < .000. As can be seen in Table 18, sewegsitively correlated with third year
biology under graduate students’ GPA (coded as OeMad 1=Female), indicating that
the male students have a larger GPA. Moreover,estst high school background is
negatively correlated with their GPA. Studentsjier education entrance examination
score and number of laboratory sessions they coedubave significant positive
regression weights, indicating that students witbhér scores on these scales were

expected to have higher GPA.
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4.7 The Prominent Science Process Skills Included in th e
Undergraduate Biology Laboratory
Table 19: The biology laboratory exercise analysigentory of manuals in different universities
Description of Evaluation criteria University  University- University Total %
A (Old) B ( Middle- A (New) activities
aged)

Number of courses with manuals 7 2 22
Total Number of laboratory activities90 52 14 156
recommended in the manuals
I. Pre-Lab Activities
a. Reading 81 52 14 147 17.63
b. Questions 9 - 2 11 1.32
c. Observations 9 - 1 10 1.20
Total 99 52 17 168 20.14
II. Planning and Designing
a. Formulates question/problem - - - 0.00
b. Formulates hypothesis - - - 0.00
c. Identifies independent variable - - 0.00
d. Identifies dependent variable - 1 - 1 0.12
e. Identifies constant variables - 1 - 1 0.12
f. Experimental control - 6 - 6 0.72
g. Designs observations - 1 - 1 0.12
h. Designs experiments - - - 0 0.00
i. Designs data table - - - 0 0.00
j- Predicts experimental results - 1 - 1 0.12
Total 0 10 0 10 1.20
lll. Measuring and Using Numbers
a. Identify the measurement required. 24 17 7 48 5.76
b. Specify the instrument to be used. 21 14 7 42 5.04
c. Choosing and using standard unit 17 13 7 37 4.44
d. Add up the total measurement 15 8 4 27 3.24
e. Recording unit correctly 17 12 3 32 3.84
f. ~ Comparing time, distance, area and 11 4 22 2.64
volume with relevant units
Total 101 75 32 208 24.94
IV. Manipulate Materials

a.Using and handling science apparatus 28 36 18 82 9.83

b. Maintaining science apparatus 11 - - 11 1.32
correctly and safely
c. Cleaning science apparatus correctly 7 8 2 17 2.04
d. Handling specimen correctly and 47 21 16 84 10.07
carefully
e. Sketch specimen and science apparatu20 3 - 23 2.76
Total 113 68 36 217 26.02




V. Record Results, Make Qualitative and
Quantitative Relationships

a. Recording information from 5 6 2 13 1.56
investigations
b. Results summarized in a table 4 6 1 11 1.32
c. Graphs data 1 2 8 11 1.32
d. Determines qualitative relationships 22 25 6 53 6.35
e. Determines guantitative relationships 6 5 3 14 1.68
f. Determines accuracy of experimental 1 - 1 0.12
data
Total 38 45 20 103 12.35
VI. Draw Conclusions, Make
Inferences and Generalizations
a. Draws conclusions 34 22 10 66 7.91
b. Provides evidence 2 3 1 6 0.72
c. Discusses limitations/assumptions 5 4 1 10 1.20
d. Formulates generalization/ model 6 1 - 7 0.84
e. Makes inferences 1 1 1 3 0.36
Total 48 31 13 92 11.03
VIl. Communicate and Interpret The
Results
a. Express ideas or meanings - 13 1 14 1.68
b. Drawing and making notes 13 1 1 15 1.80
¢ .Writing experiment report to enable 1 1 - 2 0.24
others to repeat the experiment
d. Using references 1 2 2 5 0.60
Total 15 17 4 36 4.32
Grand Total 414 298 122 834
% 49.64 35.73 14.63 100

The Harmonized Curriculum for BSc Degree ProgranBiology (Addis Ababa,
Ethiopia, 2009) recommends that 146 laboratorytmalcsessions and 7 field trips in 15
courses throughout the entire program. As showhaiole 19 above, a total of 22 biology
laboratory manuals in the three universities wevaluated with seven categories of
Laboratory Task Analysis. The number of coursesintpvaboratory manuals are 2
(14.3%), 7 (50%) and 13 (92.86%) in the new, middied and old universities
respectively. The number of laboratory sessionomegended by the manuals are
90(61.4%), 52 (35.6%) and 14(9.6%) in the new, meiddyed and old universities

respectively. A total of 838 activities were givienthe manuals of the three universities.
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Of these, 416 (49.64%), 298 (35.73%) and 122 (B4)6&ctivities are in the old, middle-
aged and new universities respectively. The sevategories of Laboratory Task Analysis
Instrument used in the study in their decreasingeto were manipulating materials
(26.02%), measuring and using numbers (24.94%)lareactivities, such as reading,
observation and questioning (20.14%), recordingultes making qualitative and
guantitative relationships( 12.35%), drawing cosiua, making inferences, and making
generalization( 11.03%), communicating and interpgeresults( 4.32%) and planning and
designing(1.2%) Manipulating materials, measurangl using numbers and pre lab
activities were the common  activities, and wietend in every manual and in all the three
universities. However, students were rarely agkeplan and design and to communicate
and interpret the results. The results of thisw@ido show high percentage rate of basic

science process skills (75.4%) as compared tantlegriated science process skills (24.6%).

4.7.1.1Pre -lab Activities

As shown in Table 19 (I) above, reading was thetncosnmon pre-lab activity
(17.63%) and was found in every manual and everyeusity. Answering initial questions
and preliminary observations were present onlywo tmanuals of the old and new

universities, each in a single activity occurre®% and 2% of the activities.

4.7.1.2Planning and Designing

As shown in Table 19 (Il) above, reading was thestm@mmmon pre-lab activity
(1.2%) and was found only in the middle-aged ursitgr Three manuals required students

to plan and design their experiments in the middéged university. In one activity,
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students were asked to identify independent anéraemt variables, in three activities to

use experimental control, in one activity to desigpservation, and in a single activity to

predict experimental results. None| of the manuaked students to formulate questions

and hypothesis, to identify independent variabdiesign their experiment and design data

tables.

4.7.1.3 Measuring and Using Numbers

As shown in Table 19 (lll) above, students are nuf&tn asked to identify the
measurement required, specify the instrument tades, choosing and using standard
units, add up the total measurements, recordings urorrectly and comparing time,

distance, area and volume with relevant units istmmanuals of all the three universities.

4.7.1.4Manipulating Materials
As shown in Table 19 (V) above, using and handBegence apparatus (9.83%)

and handling specimen correctly and carefully (%) were the most frequently asked
activities among the skills of manipulating matkyiaMaintaining science apparatus
correctly and safely and sketching specimen andnsei apparatus were rarely asked

activities in the manuals.

4.7.1.5Recording Results, Make Qualitatve and Quantitatie
Relationships
Students were most often asked to perform qualgatlationship than quantitative

relationship and were rarely asked to summarizie tfaa in tables and graphs (Table 19,
V). They were asked to determine the accuracy@®bthserved experimental data only in a

single activity.
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4.7.1.6Drawing Conclusions, Making Inferences and Generatiations
Students were required to draw conclusions basetherresults, but they were

rarely required to support their conclusions withdence, to discuss the limitations or

assumptions, to formulate model and to make infererfTable 19, VI).

4.7.1.7Communicating and Interpreting the Results
Students were rarely asked to express their ideaseanings, to record information

from investigations, to draw and make notes, tdengkperiment reports to enable others to
repeat the experiment and to use references. Nathe snanuals asked students to use and
explain the meaning of symbols.

Table 20: Students evaluation on the laboratory meats

Course name Mean of allMean of Mean of Mean of

the three  Universit Universit University

universities y A y B C
Introduction to Biological 3.78 3.95 4.23 3.15
Laboratory Techniques
Phycology 2.74 3.05 2.52 2.58
Bryophytes and Pteridophytes 2.81 3.63 3.29 1.44
Seed Plants 3.04 3.52 3.7 1.88
Invertebrate Zoology 2.74 3.74 2.9 1.45
Vertebrate Zoology 2.67 3.58 2.79 1.50
Cell Biology 3.09 3.54 3.03 2.65
Mycology 3.26 3.69 3.44 2.63
General Entomology 2.54 3.50 2.62 1.39
Principles of Genetics 2.47 3.16 2.5 1.65
Principles of Parasitology 3.11 3.32 421 1.85
General Microbiology 3.51 3.48 4.24 2.85
Plant Physiology 3.35 3.09 3.75 3.26
Applied Entomology 2.23 3.22 1.81 1.4
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In the questionnaires, students were asked to a&ealine laboratory manuals of
biology courses with 5 level of Likert Scale (1=m@anual, 2=not good, 3=good, 4=very
good and 5=excellent).As shown in Table 20 above,dld university and the middle-
aged university have at average good and very tgimatatory manuals at all. However,
the new university has two good manuals while atfe¥e not good or have no manuals.

This coincides with the Laboratory Task Analysidh# laboratory manual in this study.

Table 21: Number of field trips conducted in the dargraduate program

Cumulative
Frequency  Percent Valid Percent  Percent
Valid None 53 24.8 26.2 26.2
1time 15 7.0 7.4 33.7
2 times 25 11.7 12.4 46.0
3 times 92 43.0 455 91.6
4 times 15 7.0 7.4 99.0
5 times 2 9 1.0 100.0
Total 202 94.4 100.0
Missing System 12 5.6
Total 214 100.0

Survey from students demonstrated that about 90&eo$tudents agreed that field
trips help them to understand the real biologicalasions. The numbers of field trips
conducted in the universities vary from universayuniversity; three times in the old and
middle-aged universities and only a single fielg in the new university. As shown in
Table 21 above, 91.6% of the students agreed lieahwmber of field trips conducted in

the biology undergraduate program of the sampleeusities is less than three times.
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CHAPTER FIVE

5 SUMMARY OF FINDINGS, DISCUSSION,
CONCLUSIONS AND RECOMMENDATION

This chapter provides summary of findings for theearch questions, discussions and

conclusions. The chapter ends by giving some recamdations..

5.1 Summary of Findings

1. Fewer laboratory activities were being conductegtlare recommended in the

curriculum guide out line.

2. The laboratory skill performance test is low es@éc in manipulative skills.
Students perform more on basic science procesks $kin on integrated science

process skills.

3. The laboratory skill performance test results aignifcantly and positively
correlated with higher education entrance exam escavailability of laboratory
resources, instructors’ experience, teachers’ fication and efficient use of
laboratory resources. The laboratory skill perfanoe results differ significantly

among universitiednstructors’ experience had significant positivgression weight.

4.More than 65% of the instructors have poor laboyatmanipulative skills in
spectrophotometer, electrophoresis, liquid chrograjghy techniques, culturing of

microorganisms, cultivation of fungi and stainingcroscope specimens.

%



5. More than 80% of instructors use laboratory remortl written examination to
evaluate the performance of students in laboratotivities. Although, performance
assessments require more time to administer thasthoey forms of assessment, it is
appropriate to evaluate students’ laboratory gkdtformance. However, practical

methods of assessing students’ performance haea givnimum attention.

6. There is significant and positive linear correlatizetween students competence in
particular skills and higher education entrancenexxores. However, there is no
association between undergraduate biology laboragkitl performance results and

prior laboratory back ground in the secondary amgg@ratory schools.
7. Field trip has given minimum attention in the umgiges.

8. The laboratory manuals possess high percentagefratesic science process skills

(75.4%) as compared to the integrated science gsialls (24.6%).

9. The study showed that practical methods of assgsdudents’ performance need

more attention

5.2 Discussion

Sabri and Emuas (1999) showed that there is agtedationship between the total
number of secondary science laboratory experimargecondary school and the academic
achievement of Palestinian students in scienceyhetd laboratory courses. The result of
this study is in agreement with those of Gardii&9Q). Gardiner (1999) also stated that
fewer biology laboratory activities were being cootkd than are recommended in the

curriculum guide outline in British Columbia higbh®ols.
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In this study, the analysis of the instructor'sp@sse revealed that fewer laboratory
activities were being conducted than are recomnekrdehe curriculum guide outline.
More than 82.4% of the laboratory activities aréotyethe average number of laboratory
activities recommended by the curriculum. About688.of the instructors agreed that only
up to 40% of the recommended laboratory activiéies performed in the universities. In
agreement with the instructor’s response, 71.9%h®fktudents agreed that the numbers of
laboratory activities are 2 to 6 in each coursen general the finding of this study
uncovered that there are few number of laboradotivities recommended in the manuals
compared to the total number of laboratory actgittecommended in the curriculum(156
of 438 ). All of the laboratory manuals are not lml®ed that are designed to have all the
problem resolution tasks included in their conteBécause this, the instructors either write
laboratory exercises for their own use or omit lugoratory activity. From instructor’'s
interview and open ended questions, among the warieasons lack of laboratory manuals
was the major one. The instructors use laborat@guals from internet sources which are
not compatible with the existing laboratory setsrand objectives set in the curriculum.
Hence, most of the laboratory activities are orditte

Students self evaluation showed that more than &fle students agreed and 24 %
strongly agreed that they have the ability to penféthe competencies and skills prescribed
on the biology curriculum. About 25%, of the stutdedisagreed or not sure about their
ability to perform the competencies and skills pridsed on the biology curriculum of the
old, the middle-aged and new universities respelstiv

Kruskal-Wallis analysis of variance test with thgeeaof the universities being the

independent variable, indicates that there weresigoificant differences in participants’
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response on a scale of 1 (strongly disagree) tetrongly agree). However, the actual
laboratory performance skill test is low. Studerssif evaluation about the acquisition of
the competences set on the curriculum tends tosbeestimated than the actual test results.
This is probably that earned credits are a moreative, quantitative aspect, and perceived
competence a more subjective, qualitative aspectstofly success distinction in
learning/performance goals (Kamphorst et al., 2013)e other probable reason is that the
bias in self-evaluation may reflect self-protectime self-enhancement (Gramzow, et al.,
2002).

The laboratory performance skill tests used indtugly were identification of lab
equipment (67.1%), function of laboratory equipm®.36%), setting a microscope (
26.09%), handling of microscope (22.82%), mountoigspecimen on slide (21.64%),
focusing from low to high power (19. 64%), stainisgecimen (18.73%), measuring
weight in gm, mg and pg (8.64%), measuring liquiditer, ml and ul ( 8.18%), drawing
(4.44%) and estimation of the diameter of a micops¢0 %). Measuring is basic (lower
order) science process skills but is low. The testthis study is different from those of
Moni et al. (2007). The results of Moni et al.@Z), showed that students demonstrating
proficient core laboratory skills on their firstexnpt for correct use of a micropipette, for
preparation of dilutions using a micropipette, ¢orrect use of a light microscope, and for
proficient use of digital data.

The result of this study is in agreement with tesufts shown by Saha( 2001) and
Cushing (2002). Saha( 2001) showed that studemtedstrated more skill in performing

than planning and reasoning and the students’ pedioces at the item level were very
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poor for some items. Cushing (2002) studied thattiean score of microscope assessment
and task assessment were low.

Balanay and Roa (201Bave conducted a study to assess the scientifis skthe
selected second year students of high schools enrionitoring of the growth of string
beans. The students were differ in their accurany recision in the measurement but
moderately excellent in data collection and excelle the setting up the equipment,
following procedures, safety and precautions aedrclup procedure. Microscopes are the
most common source of technology, but were usedstlexclusively for observations of
teacher-determined objects, rather than as toolad®ase the number of categories of
science inquiry addressed (Basey et al.2000). Tikexeneed, therefore, to use the available
laboratory instruments more effectively and efintig.

There was an assumption that students with better pack ground in biology
laboratory at secondary and preparatory schoolsldvbave higher biology laboratory
performance test results than those without it thete was no significant correlation
between high school lab back ground and laborasély performance test result. The
result of this study supports that of Bone and R2dd 1).

Ochonogor (2011) stated that there is a significhifirence in performance level
among biology education undergraduates and betweda and female biology education
students in that the female students are morealody education as a course and also
perform significantly better than the males. Howewe this study, there is no significant
difference in laboratory practical performance levemale and female students. But the
result of this study is in agreement with Jack @01A study conducted by Jack (2013), to

find out the influence of selected variables, sastsex, on students’ science process skills
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acquisition in Nigeria, revealed that sex, doesimitience students’ acquisition of science
process skills.

Students’ course achievement (GPA) is a signifigaantd a positively related with
some of laboratory skill performance test scoreshsas identification of lab equipment,
handling of microscope, setting of microscope,nestion of diameter of field of vision,
measuring liquid. The grade point average (GPA) @aia® significantly and positively
related with higher education entrance exam squ¥8.009). This may be due to students
academic back ground and individual differences.

There is no significant correlation between highast laboratory back ground and
GPA. This may be due to the varied learning absitof students in theory and practices.
Moreover, correlation and multiple regression asedy revealed that students’ laboratory
performance skills is significantly positively celated with higher education entrance
exam score, availability of laboratory resourcesl @eachers ‘experiences. Teachers’
experience have significant positive regressiongisi in agreement with Friedrichsen et
al. (2009) in that teaching experience appearad te more integration among pedagogical
knowledge components for students’ achievement.

The mode of assessment directly influences teactesrshing methods, students’
learning styles and attitudes towards practicalviiels (Bekalo and Welford, 1999;
Akinbobola and Afolabi, 2010). Although, performanassessments require more time to
administer than do other forms of assessment, @pgropriate to evaluate students’
laboratory skill performance. The unique challengeskill assessment are transferability

of skills, use of time constrains and the increassll for test anxiety (Silvestrone,
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2005).This study showed that practical methodssskessing students’ performance need
more attention.

A teacher who is not properly equipped with labanatmanipulative skills may
experience difficulties to deliver these skillshis/her students. The results of this study
support the work of Collis et al. (2008). They sththat there is a shortage of appropriately
skilled graduates in some bioscience areas paatigulvith regard to graduates with
laboratory skills. Richardson (2008) showed tlnat éxistence of significant relationship
between teacher qualifications and student achiemémin agreement with that of
Richardson (2008), in this study, instructors’ npamative skills and instructors’
gualification are significantly and positively celated with students’ laboratory
performance skills.

One of the factors which has led to a general maoludn the practical experience
available to university students which has beemdoatnat low availability of chemicals and
apparatus, an unavailability and less qualitythef laboratory manuals and the increased
number of students.

Achievement of the objectives of science pratiwark depends a lot on the mode
of assessment of laboratory work adopted by thé&ruc®rs and examination bodies
Akinbobola and Afolabi, 2010). The mode of asses#ndirectly influences teachers’
teaching methods, students’ learning styles andu@és towards practical activities
(Bekalo and Welford, 1999). This study showed thatructors do not use performance-
based assessment to assess the students’ biologsatiary skills due various reasons.
More frequently, biology laboratory instructors uséoratory report, move and written

exam. Among the reasons, the instructors belibaé the move and written exam help
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them to assess the students’ knowledge and skilishe reasons raised by the instructors
assess student’s concept but not skills. This neague to the instructors experience and
background.

In laboratory move examination, specimens are bsuhsplayed and students’
would be able to write the name or category ofgpecimen. This is purely knowledge —
based, simple recalling. The students are na@arp to manipulate their skills.
Performance assessments require more time to aterinthan do other forms of
assessment. The unique challenges of skill assaesare transferability of skills, use of
time constrains and the increased risk for tesieayXSilvestrone, 2005). Over all, this
study showed that a practical method of assesdimiests’ performance has received
minimal attention.

Lee (1997) defined fieldwork as outdoor educatiéirldworkis the "application of
knowledge and skills learnt in the classroom toiramments outside the classroom" - and
it takes many forms (Paterson, 2013). Goulder, tSood Scott (2013) demonstrated that
students who had the most positive perception eéiiiork also had a strongly positive
view of laboratory work while other students hatess positive perception of both field
and laboratory work.

Field trips groups had higher achievement as medshy quiz scores. College
biology courses, such as ecology, biodiversity, seovation, zoology, etc could be
enhanced by the inclusion of field trips. In thisdy survey from students demonstrated
that about 90% of the students agreed that figid tnelp students to understand the real
biological situations. However, as shown in tallle &out 92% of students agreed that the

number of field trips conducted in the biology urgtaduate program of the sample
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universities is three times. The number of fieids conducted in the universities varies
from university to university, three times in thiel and middle-aged universities and only
ale field trip in the new university. Interviewed department heads and instructors
demonstrate that the main reason for this is dusvireness of the university management
and lack of transport. In this study there was owatation between students attitudes and
the number of past field trip experiences.

Manipulating materials, measuring and using numb@d pre lab activities were
common activities, and were found in every manual a every university. However,
students were rarely asked to plan, design andtonmanicate and interpret the results.
The result of this study found to be in agreemeith wther studies carried out elsewhere
(Saha, 2001). Saha( 2001) showed that studentsrdg#rate more skills in performing
than planning and reasoning, and the studentsbpednces at the item level were very
poor for some items.

Findings of the seven categories of Laboratory TAas&lysis Instrument used in
this study has revealed that students were onlyined) plan and design their experiments
in a very few (3 out of 22) manuals. The integilaseience process skills are very few
(24.6%) as compared to the basic science procdss (316.4%). The result of this study
found to be in agreement with other studies (Akbndda and Afolabi, 2010; Basey et al.,
2000; Germann et al., 1996; Tafa, 2012; Tweedy Hodse, 2005 ). The study of Tafa
(2012) showed that the majority of the activitiesse lower inquiry level of one and the
dominant practical work identified was demonstnatiype activity. The percent of the
integrated science process skills in this studyeis/ less (24.6%) while Akinbobola and

Afolabi’s is 37.2%.
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None of the manuals asked students to formulatestigues and hypothesis, to
identify independent variable, design their expeninand design data table. Basic science
processes are vital for science learning and carfoemation at the primary and junior
secondary school levels. The more difficult an@gnated science process skills are more
appropriate at the secondary and tertiary schoatldefor the formation of models,
experimenting and inferring (Akinbobola and Afolal#010). However, the biology
laboratory manuals in these universities are daficin the integrated science process
skills.

Reading is the most common pre-lab activity buteoketion and questions were
rarely asked. The result is found to be in agreemah those of Germann, et al. (1996),
Haskins (2000), Basey et al. (2000) and Tweedy ldndse (2005). Pre - lab reading
should lead to enhanced learning outcomes for stades well as better meeting ethical
guidelines for instructors to design practicaldtigs. Haskins (2000) conducted a study
on determining whether the material found in AB@motes scientific inquiry through the
inclusion of science process skills and the typé emaracter of laboratory activities in
Columbia and found that all laboratory activitie®yde a pre-laboratory activities and
most often skill of learning techniques and marafing apparatus, and the least was
student planning and designing. Similarly, Tweedyd aHoese (2005) conducted
Laboratory Task Analysis Instrument of diffusiontiaities of two-year and four-year
colleges in the United States. They found that muetuals did not include much inquiry,
often failed to engage students in the planningdexigning of the activities. In this study,
manual analysis( Table 19) revealed that the laboraexperiments conducted in the

universities were confirmatory rather than invesiie experiments. Confirmatory
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experiments are planned by the teacher with théigoaind of confirming the theoretical
material studied in class and the students perftren experiments according to the
teacher’s instructions, then organize their reswdtzsalyze them, and draw conclusions
(Katchevich et al, 2013). Like Basey et al. (200@poratory manuals were deficient in
deriving problems/hypotheses, variables, methaus extensions. Result from the analysis
of the undergraduate biology laboratory manualstha$ study revealed that a high
percentage of basic science process skills indgheratory as compared to the integrated
science process skills. The finding is in agreemtit that of the results of Ongowo and
Indoshi (2013) in Kenya that a high percentageasid®science process skills as compared
to the integrated science process skills in thetjwa examination questions.

In this study, the availability of biology laborayoequipment was positively and
significantly related to students’ laboratory skikrformance test result. A similar study
conducted to determine the available physics ldaboraequipment and the extent of
utilizing the available equipment for the learnitgaching of physics in senior secondary
schools in Nigeria, demonstrated that sciencer&boy with adequate equipment is a
critical variable in determining the quality of put from senior secondary school

Physics(Olufunke, 2012).

5.3 Conclusions of the Study

Biology education plays a significant role in varsoareas of human development.
To achieve this goal, universities need to evaltl&ettainment of the intended objectives.
The aim of this study was to assess the biologyrktbry skill performance of
undergraduate biology students in some Ethiopiaweussities. The study addressed that

knowledge gap, the way to address the attainmetheobbjectives of hiology laboratory
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skills in particular. The methodology and instrutsensed in this study will have great
importance for the universities to evaluate theafeness of the laboratory works.

The study uncovered that students had low scordsidtogy laboratory practical
skills. The results implicated a need for the ursitees to set standards for each practical
skill, to design alternative assessment for bioltzdppratory practical skills, and to monitor
students’ progress during the whole undergraduatiegin the acquisition of their
laboratory practical skills.

The findings of the study will have great important only in these universities,
but also in other universities, and not only inlbgy undergraduate laboratories, but also
in other sciences, such as chemistry and physies.fihdings of this study would also
provide the universities with the opportunitiesuse time- and cost-effective laboratory
teaching by assessing their students’ laboratorjopeance skills and take intervention
that would enable the students to be productivecantribute towards global excellence in

their practical skills.

5.4 Recommendation

From the results of the analysis, the followingoraeendations are drawn:

* Educators should review the laboratory manuals #rat available and implement

changes that would promote the use of all sciergkills

» Standard harmonized laboratory manuals for eachiseoshould be developed by
Ministry of Education which allows students the ogpnity to engage in scientific

thinking and participate in scientific inquiry.
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Educators should evaluate the laboratory manudls an inventory such as the one
derived in this paper, and attempt to address évers categories Task Analysis in

each laboratory course.

In biology laboratory performance-based assessmeetls to be undertaken in

placement of to paper-and-pencil tests.

Departments should stabilize systems to check tiaditg and quantity of laboratory

practical activities and the mode of the assessrfenthe laboratory skills.

Instructors need much more assistance and profedsievelopment of biology

laboratory manipulative skills as well as pedagsgie

The need for professional development of biologstrirctors on process skills is
recommended to educate them on inquiry methods hwphromote acquisition of

science process skills in biology laboratory.

Biology departments in the universities should pdaboratories with the necessary
chemicals and equipment, and also to provide usefaterials and appropriate

teaching aids to help reduce the problems of illygoged laboratories.

The findings implicated that the Ministry of Educat should foster secondary high
schools and college preparatory schools to put tgreafforts at preparing
undergraduate admitted students for students’ hettecome and their retention in
universities.

Further studies should be conducted to set minimompetency standards for each

laboratory activities and in each course.
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APPENDIX

Appendix A: Rubric for biology laboratory practical

performance test

I. MATERIALS

skill

1. For identification of the basic( common ) laboratoy equipment

A.

B.

H.

J.

Autoclave coded 003

Bunsen burner coded 008

. Centrifuge coded 004

Erlenmeyer flask coded 001
Mortar and pestle coded 010

Petri dish coded 002

. Dissection kit coded 005

Funnels coded 009
Incubator coded 006

Forceps coded 007

2. For the use of the light microscope

A.

w

o 0O

m

Light microscope
Microscope slides
Cover slip

Water

Droppers
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F. Forceps

G. lodine solution

H. Methyl blue

[.  Onion

J. Plastic ruler (Graph paper)

K. Scissors

For measuring weights and volumes

A. Triple Beam Balance
B. Electronic Balance
C. Micro pipette and tips
D. Graduating cylinder
E. Pipette

F. Beaker 750ml
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II. INSTRUCTIONS FOR STUDENTS’ ACTIVITIES

Code Sex CGPA

Instruction 1

There are coded apparatus in front of you. Seleetftinction of the apparatus from
column “B”, and match to its name to column “Aidawrite the code number and the

letter of corresponding function in the space piedl

Column A Code number Column B

List of apparatuses and function Function of apparatuse

Autoclave A. For grinding chenscalants, etc

Bunsen burner B.Used to grow micro-organisms

Centrifuge C. Gas burner used to heat things

Forceps D. Separates materials of varying
density

Mortar and pestle E.Holds or pick up small objects

Petri dish F. used to keep a particular specimen at

the ideal temperature or level of humidity
for the appropriate analysis or manipulation

Dissection kit G. Used to mix reagents, heating and
preparation of microbial culture

Funnels H. used to dissect small animals

Incubator I.  used to sterilize materials

Erlenmeyer flask J. pour liquids from one container to
another or for filtering when equipped with
filter paper
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Instruction 2

Take the microscope

Take peal of epidermal tissue of an onion

a.
b

C. Prepare wet mount slide and apply staining teclasiqu

d Observe your specimen under low, medium and haghep magnification
e

Estimate the diameter of the field of view in medigpower of your microscope

and calculate the length of one onion epidermial ce

Instruction 3

Measure accurately the following substances ugipgogriate instrument.
A. 1 liter of water

B. 2 ml of water

C. 200! of water

D. 50 g of salt

E. 1 mg of salt

F. 500ug of salt
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[ll. RUBRIC FOR THE RATERS
1. The Use of the Light Microscope

Code
Practical skil | Performance lev
4 point 3 point: 2 point: 1 poin
1 | Handling of Students correctl Student Student Student
the place the microscope|, correctly correctly correctly
microscope handle slides, clean | performs 3 outf performs 2 performs 1 out
slides and uses cover| of 4 steps out of 4 steps| of 4 steps

slip

2 | Setting the

Switch on the light

Switch on the

Switch on the

Unable to switclt

microscope adjusting the light , light, light the light
for use cleaning the slide adjusting the
light
3 | Mounting Handle the slide ar Handle slide: | Handle slide:| Handle slide:
(dry, wet and| cover slip at the edges, and cover slip| and cover and cover slip
permanent prepare the specimen| incorrectly but| slip incorrectly and
mount) accurately with in 2 prepare the incorrectly not prepare the
minute specimen and prepare | specimen
accurately the specimen| accurately
within 2 With
minutes difficulty
4 | Use of Choose the corre: Choose the Choose thi Not choosing
appropriate staining(lodine correct correct the correct
staining solution), applying it | staining but staining only | staining
properly not applying it
properly
5 | Focusing Student uses stay Student Student Student
with low, clips to mount slide, correctly correctly correctly
high power adjusts eye pieces, performs 3 out performs 2 performs 1 out
and oil focuses using lowest | of 4 steps in out of 4 steps| of 4 steps in the
immersion magnification and the sequence | inthe sequence
objectives coarse focus before sequence

moving to fine focus
and higher
magnification
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Determining
the diameter
of the field of
view and
calculating
the size of
the cell

Follow the procedure
estimate the diameter
of the field of vision
(1500um),

Calculate the size of
the onion epidermal
cell.

Follow the
procedure,
estimate the
diameter of
the field of
vision

(15001 m),
but unable to
calculate the
size of the
onion
epidermal cell

Follow the
procedure,
but unable to
estimate the
diameter of
the field of
vision and to
calculate the
size of the
onion
epidermal
cell

Unable to follow
the procedure, t(
estimate the
diameter of the
field of vision
and to calculate
the size of the
onion epidermal
cell

1=
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2. Measuring Weight and Volume

Code
Performance lev 4 3 2 1 0
Ability to measure liquic| Able to Able to Able to Able to Unable tc
substance in liter, ml, choose the| choose choose choose choose
and micro liter using three the three | the two the one the three
graduating cylinder, measuring | measurin| measuring | measuring | measuring
pipettes and instruments| g instruments| instruments| instruments
micropipette and instrume | and and
accurately | nts and accurately | accurately
measures | inaccurat| measures | measures it
each ely each
measures
each
Ability to weight dry Able to Able to Able to Able to Unable tc
substance in grams, choose the| choose choose choose choose
milligrams and two the two the one the one the two
micrograms using beam measuring | measurin| measuring | measuring | measuring
balance and instruments| g instruments| instruments| instruments
microbalance and instrume | and and
accurately | nts and accurately | inaccuratel
measures | inaccurat| measure y measure
each ely each it
measures
each
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Appendix B: Laboratory Manual Evaluation Form

Description of evaluation criteria

Number of Acties in Each Course

Intr. to

Phycology
Bryophyte
Invertebrat
e Zoology

s and
Pteridoph

Biological
Lab.T ech.
Seed
Vertebrate
Zoology
Cell
Mycology

Research
Methods

General

Entomolog

Principles

of

Principles

of

General

Microbiol

Plant

Physiolog

Applied

Entomolog

1 PRE-LAB ACTIVITY
a. Reading

b. Questions

C. Observations

2. PLANNING AND DESIGN
a. Formulates question/problem

b. Formulates hypothesis

c. Identifies independent variable

d. Identifies dependent variable

e. ldentifies constant variables

f. Experimental control

g. Designs observations

h. Designs experiments

i. Designs data table

j- Predicts experimental results

3. MEASURING AND USING NUMBERS

Identify the measurement required.

Specify the instrument to be used.

Add up the total measurement

Recording unit correctly

a
b
C. Choosing and using standard unit
d
e
f.

Comparing time, distance, area
volume with relevant units

nd
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4 MANIPULATE MATERIALS,
a. Using and handling science apparatus

b. Maintaining science apparatus correctly a
safely

c. Cleaning science apparatus correctly

d. Handling specimen correctly and carefully

e. Sketch specimen and science apparatus

5. RECORD RESULTS, MAKE
QUALITATIVE AND QUANTITATIVE
RELATIONSHIPS

a. Recording information from investigations

b. Results summarized in a table

c. Graphs data

d . Determines qualitative relationships

e. Determines quantitative relationships

F . Determines accuracy of experimental data

6.DRAW CONCLUSIONS, MAKE
INFERENCES AND GENERALIZATIONS

a. Draws conclusions

b. Provides evidence

C. Discusses limitations/assumptions
d. Formulates generalization/ model
e. Makes inferences

7.COMMUNICATE AND INTERPRET THE
RESULTS

a. Express ideas or meanings

b. Drawing and making notes

C. Writing experiment report to enable
others to repeat the experiment

d. Using references
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Appendix C: Questionnaire for Students

This study, An assessment of the state practical biology skillef undergraduate
students in Ethiopian universities and the impact o their performance”, is a
dissertation conducted in partial fulfilment okthequirements for the degree of Doctor of
philosophy in Life Science Education at Institube Ecience and Technology Education,
University of South Africa.
The questionnaire asks you about your study halisy learning skills, and your
motivation for work in undergraduate biology slpkrformance. THERE IS NO RIGHT
OR WRONG ANSWER TO THIS QUESTIONNAIREITHIS IS NOT A TEST. We
want you to respond to the questionnaire as aayras possible, reflecting your own
attitudes, observation and behaviors in learniofplgly laboratory practical.
| am kindly requesting your participation. In order keep your confidentiality as a
participant of the survey, | would like to clariftyat:
. Your response to the survey is totally voluntary
. Your academic achievement will not be affected bgusal to participate or by
withdrawing from the study.
. Results will be reported either in aggregate aheut institutional or individual
names (or other forms of identification)
. Respondents will receive a confidential summarsestilts upon a written request
. Responses to the survey will be kept confidertil secure, which means that the
information will be coded and kept in a secure seand only the main researcher will be
able to access such information.
| greatly appreciate your participation.

Sincerely,
Getachew Fetahi Gobaw

Ambo University

Email: getachewfetahi@yahoo.com
P.0.BOX: Ambo university post office 05
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General Instruction: Please check the category that is most apprepaiatl put 4”

mark in the box. If blank spaces are provided,ewibur answers in the spaces provided.

Demographic Data :

1. Gender Male |:| Female |:|

2. Higher Education Entrance examination score

3. GPA

4.  Your back ground of laboratory practice in yourg®tary and preparatory schools:
Very poor |:|

Poor [ ]

Good |:|

Very Good |:|

Excellent ]
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Il. Attitude question regarding the biology laboratoryPractical Activities
Please indicate your answer by putting a tick ngaykn the column of your best choice

Q. | Description

>33 | @ >
O = — >S5 (@)
No c2 2|2 |
haola |z|< | &<

5 The time given for each biology laboratory
sessions was enough

6 The biology laboratory practical activities
were very important my to future career

7 The biology laboratory practical activities are
interesting.

8 Field trips help students to understand the real
situations.

9 The biology laboratory practical activities are
helpful for better understanding of the
subjects.

10 | The biology laboratory practical activities are
helpful to improve my grade.

11 | The biology laboratory practical activities are
helpful to improve the concepts of the
material covered in the lecture.

12 | Practical skill examination is better than paper
and pencil examination or move examinatipn
for laboratory assessment

[ll.  Evaluation Question

13. In which of the following biology courses did yow anore laboratory practical
activities? (Rank them 1 to 14where 1 for most dédor least)

Code Course name Rank
A Introduction to Biological Laborator
Techniques

Phycology

Bryophytes and Pteridophytes

Seed Plants

Invertebrate Zoology

Vertebrate Zoology

Cell Biology

Mycology

<

ITOMMmMOoOm@
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General Entomology
Principles of Genetics
Principles of Parasitology
General Microbiology
Plant Physiology

Applied Entomology

zlZ|r| X e —

14. What was the minimum number of biology laboratorgqgbical sessions in your
three year of study?
1-2

3-4

5-6

7-8

9- 10

11-12

13-14

15-16

15. What was the maximum number of biology laboratorgcfical sessions in your

JUnouoL

three year of study?
1-2

3-4

5-6

7-8

9- 10

11-12

13-14

15-16

UBLOEIL
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16. In which of the following biology laboratory practl activities did you get most
important skill for your life career? ((Rank themtd 14 where 1 for most and 14 for
least)

Code| Course name Rank

Introduction to Biological Laboratory Technique

Uy

Phycology

Bryophytes and Pteridophytes
Seed Plants

Invertebrate Zoology

Vertebrate Zoology

Cell Biology

T @ T mf O O W >

Mycology

General Entomology

Principles of Genetics

Principles of Parasitology

General Microbiology

Plant Physiology

pzd <4 I B N

Applied Entomology

How do you evaluate the laboratory manual of thiedong biology courses?

Please indicate your answer by putting a tick ngaykn the column of your best choice

Course name

manual
Not good

No
V. Good
Excellent

Good

17| Introduction to Biological Laboratory
Techniques

18 | Phycology
19 | Bryophytes and Pteridophytes
20| Seed Plants

21| Invertebrate Zoology

22| Vertebrate Zoology
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23| Cell Biology

24 | Mycology

25| General Entomology

26 | Principles of Genetics

27 | Principles of Parasitology

28 | General Microbiology

29 | Plant Physiology

30| Applied Entomology

31. What is the contribution of the manuals to improxeur understanding of the
subject matter? (Rank 1to 5 where 1 for most@afat least))

Code Rank
A To prepare before the laboratory

B To follow the procedures in order to performingeriments

C To write the laboratory reports

D To discuss concepts

E To design experimental techniques

32.  How many biology field trips you had in your thrgears of study?
None
1 time
2 times
3 times

4 times

DL

5 times or more

IV. Biology Laboratory Skills:
For each skill rate of your performance pleasecai@i your answer by putting a tick mark
() in the column of your best choice
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Skills > g @ g >
588 |28 |58
5 .2 .2 o () s o
mn Q| Aa p < n <
33| I am able to relate things learned in the class to
daily life, transform them into practice and solve
problems
34| | am able to do experiments, and to use
laboratory equipment
35| I can design a scientific procedure to answer
guestion
36| | am able to conduct researches in varipus
biological disciplines
37| | am able to collect data systematically, catalogue
and preserve field biological materials and museum
specimens of plants, animals and microbes
38| I am able to apply the techniques of culture media,
and carry out culturing, isolation and
identification of micro-organisms and report
39| | am able to analyze and interpret biological data
and write and present scientific reports
40| | am able to operate basic biological equipment
41| | am able to solve environmental and conservation
problems of the Country.
42 | | can design ways to prevent infectious diseases

Thank you for your cooperation, time and consatien
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institute for
science and
technology education

UNISA I3

Appendix D: Questionnaire for Instructors

Dear Participant,
This study, An assessment of the state practical biology skillef undergraduate
students in Ethiopian universities and the impact o their performance”, is a
dissertation conducted in partial fulfilment okthequirements for the degree of Doctor of
Philosophy in Life Science Education at Institute $cience and Technology Education,
University of South Africa.
I am kindly requesting your participation. In order keep your confidentiality as a
participant of the survey, | would like to clariftyat:
. Your response to the survey is totally voluntary.
. Results will be reported either in aggregate ohaut institutional or individual
names (or other forms of identification)
. Responses to the survey will be kept confidemtial secure, which means that the
information will be coded and kept in a secure eseand only the main researcher will be
able to access such information.
| greatly appreciate your participation.

Sincerely,

Getachew Fetahi Gobaw

Ambo University
Email: getachewfetahi@yahoo.com
P.0.BOX: Ambo university post office 05
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General Instruction: This questionnaire consists of two types of questi@losed
ended questions and open ended questions. Fordcksded question, choose the
appropriate rate you feel and mark.“For open ended question, write your responses in

the blank space.

|.  Demographic Data for Instructors

1.  Level (year) you are teaching : |:| ] ]

3rd

2. Gender: Male [ hale [ ]

3. Quialification :

Diploma [ ]
First Degree |:|
Second Degree ( Msc) |:|

PhD [ ]

4. Area of specialization

5.  Year of teaching experience in higher education
1-5yrs

6- 10 yrs
11-15yrs

16- 20yrs

21-25 yrs

26-30 yrs

31 and above

I

6.  Teaching load/week : Lecture Contactliaigoratory hrs
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I. Attitude questions

Please indicate your answer by putting a tick ngaykn the column of your best choice

Items

Strongly

Disagree

Disagree

Not Sure

Agree

Strongly

Agree

Number of students in each

laboratory affects

practical skill performance.

students

Teaching in the laboratory is mqg

interesting than teaching in class.

The time allotted for each practic

session is enough

al

10

Laboratory manuals help student

understand better.

11

The laboratory part of the courg
should be taught only by assistz

graduates

es
ANt

12

Students should formulate
hypothesis, design their
experiment, conduct the
experiment, collect data and repo

the results by themselves.

13

Students should actively

participate in the lesson and

learn by observing and doing
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14

The biology laboratory practical
activities are helpful to improve th
concepts of the material coveried
the classroonand to illustrate the

theoretical part of the course

15

The biology laboratory practical
activities are very important for
students future career to solve

problems

16

Project based laboratory work helps
stimulate student interest and

participation

17

The physical structures and
facilities of the laboratory are
appropriate for all biology
laboratory experiments
recommended in the harmonized
curriculum to be implemented in

the way it is intended

18

The available laboratory recours

effectively and wisely used.

19

Instructors should participate in i
continuous professional
development training programs

N

20

Teacher education should be

improved
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[ll.  Availability and Use of Laboratory Resources

21. How often do you use laboratory sessions?
Never
Rarely
Seldom

Occasionally

Il

Always
22. Do the courses you teach have laboratory sessions?
Yes
No

il

23. If your answer in question 22 above is “Yes” hownygractical sessions are
recommended in the harmonized curriculum?

24. How much of the recommended practical sessionsrgiemented in your lab?
1-20%

21 - 40%
41 - 60%
61 -80%
81 - 100%

[ ]
]

25.  What are the reasons not to implement others $bior practical?
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26. How do you rate the training you recejved in pregarto teach biological

laboratory?
Poor
Fair
Good
Very good

UL

Excellent

IV. Laboratory Practical Skill Assessment Methods
27. How do you assess laboratory practical activities?
Written (Paper and pencil) exam

Identification of specimen

Individual practical test

Only by laboratory reports and attendances

Laboratory reports and Identification of specimen

JJOUE

Laboratory report and written exam
28.  Why do you prefer this form of laboratoryassessment

29. Do you have rubric (criteria) to evaluate laborgt@ports?
Yes
No

30. If your response in question 29 above is “Yes”, hoften do you use rubric

1]

(criteria) to evaluate laboratory reports?
Never
Rarely
Seldom

Occasionally

HilI

Always
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What is your manipulative skill to conduct the &olling experiments?

Manipulative skill o
3 o
- ° o D
8 |5 |8 42 |8
o L O > 1|
31 Efficient use Light
microscope
32 Spectrophotometer
33 Electrophoresis
34 Liquid chromatograph
techniques
35 Qualitative Food test
36 Microbial culturing,
isolation and gran
staining techniques
37 Culturing and growing
of fungi species
38 | Collection and
preservation of insects
39 Staining and
identification of
chromosomes  durin
cell division
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40. Do you have well prepared laboratory manuals f@& kdboratory courses you
teach? |:|
Yes |:|
NO
41. If your answer in question 40 above is “Yes”, how ybu evaluate the laboratory
manual/s you use ?
Poor

Fair

Good
Very good

UL

Excellent
42. What are the causes for the poor laboratory skifggmance in the under graduate
biology laboratory activities?

Thank you for your cooperation, time and consatien
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Appendix E: Semi-structured interview schedule for biology

instructors and laboratory assistants

Place (University):

Date and time of interview:

Introduction: Hello, my name is Getachew Fetahb&m®
The purpose of this interview is to information foy thesis entitled “assessment of the
state practical biology skills of undergraduatedstus in Ethiopian universities and the
impact on their performance” for a dissertatiorpartial fulfillment of the requirements
for the degree of Doctor of philosophy in Life Swe Education at Institute for Science
and Technology Education, University of South Adrid he interviews will last for about
half about 45 minutes and questions will deal Wahoratory work experience in your
university, particularly, biology laboratory.

All interview data will be handled so as to paitieir confidentiality. Therefore, no
names will be mentioned and the information willdoeled. All data will be destroyed at
the end of the project.

At any time, you can refuse to answer certain golest discuss certain topics or even put
an end to the interview without prejudice to yolfrse

Interview questions:

1.  Would you please introduce yourself?

How long did you serve at the university level?

Which course/s do you instruct?

What laboratory activities are being done in yoourse/s?

Does the course/s have laboratory guidelines/ nighua

Who prepared the manuals?

What are the strengths and weaknesses of the tabpraanuals?

How do you judge the practices of the biology labory in your university?

© © N o g s~ N

What major challenges do you encounter while dtabgratory activities?

[
o

How do you evaluate the laboratory performanceooirstudents?
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11. How do you evaluate the performance of studentisarbiology laboratory?
12.  Why do you use these techniques of evaluation?

13. How do you evaluate the availability of the laborgtequipment in your
university?

14. What are the main reasons to have very few fighd?r

Thank you for your time. Do you have any questithrad you would like to ask me?
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Appendix F: Ethical clearance

October 29, 2012

To : Academic and Research Vice President

Dear Sir

| am requesting permission to conduct the study entitled “An Assessment of Undergraduate
Biology Practical Activities in Ethiopian Universities”, a dissertation that will be conducted in
partial fulfillment of the requirements for the degree of Doctor of philosophy in Life Science
Education at Institute for Science and Technology Education, University of South Africa, | am

biology instructor at Ambo University in the department of biology.

The purpose of this study is to evaluate the undergraduate biology laboratory practical activities
in Ethiopian universities based on Kolb's experiential learning theory and five levels of
Laboratory Task Analysis Instrument (LAI) in order to improve the learning process of biology
laboratory practical activities. The study will be conducted in three universities, in the biology
laboratories during November, 2012 to April, 2013 of third year students. The data collected will
be used in my study, and will be confidential. Maintaining respondent’s anonymity is a primary
concern throughout the study. | believe there is no risk to the study participants. Participation is
voluntary, and participants will retain the right to with draw from the study at any time, without

penalty.

In each university, all undergraduate biology instructors and laboratory assistants and third year
students will be required to participate in the study. The instructors and lab assistants will
participate by completing questionnaires. Some of the teachers who answered the questionnaires
will be interviewed. The students will be participated by completing questionnaires and
performing individual practical laboratory tests. Observation on organization of the biology lab,
laboratory manuals for each course (if any), and laboratory practical sessions will be conducted.
UNISA Ethics Committee has carefully considered my research study and is satisfied that it
conforms to the principles set out in the University’s Code of Ethies for Research on Human
Subjects.

Thank you for your anticipated cooperation in this regard.

%\’El HY HEA Yours Faithfully.

z éjlf//— | ATTR—
Oh%hd?b@’fj’w'

z AP .93
ARDSFPA

M V2 (/
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university
of south africa

UNISA

Ref: 2013/ISTE/32

08 July, 2013

Mr. Getachew Fetahi Gobaw
(47243961)
Ethiopia

Dear Mr. Getachew Fetahi Gobaw,

REQUEST FOR ETHICAL CLEARANCE:

Title of Study: “The State of Practical Biology Skills of Undergraduate Students and Impact on
their performance in Ethiopian Universities.”

Your application for ethical clearance of the above study title as corrected was considered by the
ISTE sub-committee in the College of Graduate Studies on behalf of the Unisa Research Ethics
Review Committee on 4 July, 2013,

After careful consideration of the details and implications of the study, your application was
approved and hence you can continue with the study at this stage.

Congratulations. >
g j( e
,A\’C? (,\/\_ A A //

C E OCHONOGOR
CHAIR: ISTE SUB-COMMITTEE

CC. PROF L. LABUSCHAGNE
EXECUTIVE DIRECTOR: RESEARCH

PROF M N SLABBERT
CHAIR- UREC.

www.unisa.ac.za
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