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Developing a Model for Assessing School Education System
Gembo Tshering!

Abstract

There is increasing interest in analysing and benchmarking educational
performance in many countries. However, because of sample size
constraints and financial considerations, some countries are not able
to participate in high profile international educational assessment
programmes such as Programme for International Student Assessment
(PISA) and Trends in International Mathematics and Science Study
(TIMSS). This leads to the challenge of devising appropriate school
education assessment models for such countries. We outline a process,
which was followed for a doctoral study, for generating such a model. We
believe that our process and the resulting model will help some countries
to initiate a comprehensive national school education assessment
programmes.

Keywords: assessment; education; evaluation; effectiveness; PISA;
and TIMSS

Introduction

In an international context where education is universally understood as a key
capacity-builder for nation states, analysing how school education systems are
performing in high profile international assessment programmes such as PISA
and TIMSS have received increasing scrutiny and critique (McGaw, 2008b;
Wagemaker, 2008). Despite various legitimate concerns about these programmes
and their effects ( Egelund, 2008; McGaw, 2008a), there is a persuasive literature
about their ongoing value in review and reform of educational systems in many
countries (McGaw, 2008b). However, countries with small population and
economy are unable to participate in these high profile programmes because of
sample size constraints and financial considerations. This raises the challenge
of devising a comparative educational assessment model that enables such
countries to monitor the performance of their school education system against
international standards. Therefore, the purpose of this paper is to describe a
process for generating such a model. Drawing on educational effectiveness

1. PhD, Lecturer, Paro College of Education, Royal University of Bhutan.
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studies and comparative educational assessment models, we develop an
educational assessment model that is context-oriented and that has the capacity
to facilitate comparative assessments.

Theorizing a school education assessment model

Studies that seek to explain why students, teachers, schools, or countries
differ in their educational outcomes and what causes such differences are
generally known as educational effectiveness studies; with educational
processes, attainment of educational goals, and educational quality and equity
as some central phenomena (Creemers & Kyriakides, 2008; Scheerens, 2000).
Further, educational effectiveness studies have been grouped into different
traditions: equality of educational opportunity; educational production functions;
instructional effectiveness; effective schools; and school effectiveness. Each
one of these traditions will be briefly reviewed in chronological order of their
development, with the aim of building a substantive foundation for developing
a school education assessment model.

Equality of educational opportunity tradition has its genesis in a large-
scale survey conducted by Coleman, Campbell, Hobson, McPartland,
Mood, Weindfeld et al. (1966) to assess the availability of equal educational
opportunities to American students. This study was a classic example of an
input-output model with input being mainly resources and output being student
achievement. However, this tradition has been criticized for its limited attention
to school process variables (Scheerens, 1990). As a result, educational production
functions tradition has emerged, and it incorporated input-output relation in
terms of costs of input resources and values of educational outputs, as commonly
emphasized by economists, resulting in an assumption that increased inputs
should lead to increased outcomes (Scheerens, 1990, 1992). However, this
tradition was criticized for its inconsistent and insignificant results and exclusion
of the nested and the dynamic natures of educational production processes
(Hanushek, 1986; Monk, 1992). Consequently, instructional effectiveness
tradition was developed to address the weaknesses of the educational production
functions tradition. Anumber of instructional effectiveness research studies has
shown a consistent and positive relationship between instructional variables and
student outcomes (Schroeder, Scott, Tolson, Huang, & Hsuan, 2007; Seidel &
Shavelson, 2007), indicating their capacity to explain educational processes
only. Notwithstanding its benefits, the tradition could not generate information
across the nested and the dynamic natures of educational production processes.
An alternative tradition, effective schools tradition, was developed to include
the nested and the dynamic natures of educational process functions. However,
effective-schools tradition was criticised for using small samples and aggregating
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data only at the school-level (Barber & Mourshed, 2007), implying that the
tradition could not generate information about subgroups of students. Finally,
school effectiveness tradition was developed with the capacity to address the
weaknesses in other traditions. This tradition has been known for its capacity
to provide information across different hierarchies of educational production
processes (Scheerens, 1992). Apparently, the educational effectiveness research
traditions have evolved overtime. The evolution resulted in different models that
sought to explain differences in performance between schools and within school.

First, the Integrated Model of School Effectiveness (Scheerens, 1990, 1992,
1997) deserves a brief examination. This model has the features of educational
production functions and effective school traditions, such as input-output,
input-process, and output. This model also has multi-levels, such as classroom-,
school-, and context-levels. Further, the model enables the study of cross-level
interactions and links output to input and process. However, the model is not
explicit with its capability to explain individual student gains, though the
output section can represent student achievement after adjusting for student
background variables. This implies that the model permits data analysis only
at the classroom-level, not at the student-level of aggregation.

Second, Creemers (1994) produced the Comprehensive Model of Educational
Effectiveness that includes student-level. Like the Integrated Model of School
Effectiveness, Creemers’s (1994) model has a multi-level structure; comprising
context-, school-, classroom-, and student-levels. Researchers have reported
empirical evidence supporting the validity of Creemers’s (1994) model, especially
its multi-level nature and direct and indirect relationships between the levels
and student outcomes (Creemers & Kyriakides, 2006, 2008; Kyriakides, 2008).
However, Kyriakides (2008) convincingly pointed out that Creemers’s (1994)
model allows researchers to use different approaches to measure educational
effectiveness factors that lead to inconsistent results with other like models. It
was also observed that the studies conducted to test the validity of Creemers’s
(1994) model did not identify cross-level interactions between the factors at
different levels (Kyriakides, 2008). Kyriakides (2008) strongly attributed the
absence of cross-level interactions in the studies that tested Creemers’s (1994)
model to its oversight of the dynamic nature of educational effectiveness.

Third, using the multi-level nature of educational effectiveness and the
existence of relationships between levels and outcomes as confirmed by studies
that tested Creemers’s (1994) model as starting points, Creemers and Kyriakides
(2008) developed the Dynamic Model of School Effectiveness. Convincing
claims have been reported about the capability of the model in addressing the
question of what works in education and why (Kyriakides, Creemers, Antonious,
& Demetrious, 2010). Creemers and Kyriakides (2008) incorporate the following
assumptions in their model:
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* the factors influencing student outcomes are multi-level;

* the influence of classroom-level factors on student outcomes is more direct
and proximal than the influences from the factors operating at other levels;

« the higher levels provide an enabling environment for the lower levels;

« the relationship among school-level, context-level factors, and student
outcomes develop and manifest themselves over time;

« the effectiveness factors operate differentially across levels in line with
contingency theories;

« the relationship between some effectiveness factors and student outcomes
are not always linear;

« within-level and between-level interaction effects exist among effectiveness
factors.

Creemers and Kyriakides’s (2008) model has all the three necessary
characteristics of a school effectiveness model as identified by Reynolds,
Creemers, Nesselrodt, Schaffer, Stringfield, & Teddlie (1994). However,
the model does not have an input unit in it. It is clear from the literature on
educational effectiveness that educational input resources contribute to variance
in student achievement even after adjusting for student background and prior
learning (Scheerens, 2000). Therefore, without the input unit, Creemers and
Kyriakides’s (2008) model does not align with the literature on educational
effectiveness. However, the models, reviewed up to this point, provide strong
elements for developing a comprehensive school education assessment model.

Developing a school education assessment model

The strengths and the weaknesses of the Integrated School Effectiveness
Model and the Dynamic Model of School Effectiveness offer important
guidelines for developing a school education assessment model. First, a school
education assessment model should accommodate the discrete nature of
educational productivity, with each production unit (input, process, and output)
relating to various correlates of educational effectiveness. Second, a school
education assessment model needs context-level, school-level, class-level, and
student-level components, as structured in Creemers and Kyriakides’s (2008)
Dynamic Model of School Effectiveness. A skeletal school education assessment
model is thus presented in Figure 1.
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FIGURE 1. The integrated model of school effectiveness.

A closer look at the proposed school education assessment model in Figure
1 reveals some comparative features in relation to other education effectiveness
models (Tshering, 2014). The model amalgamates Scheerens’s (1992) Integrated
Model of School Effectiveness and Creemers and Kyriakides’s (2008) Dynamic
Model of School Effectiveness. Therefore, the model can be based on the same
assumptions formulated by Scheerens (1992) and Creemers and Kyriakides
(2008) for their models. A comparison of the proposed school education

assessment model with the other two models is presented in Table 1.

TABLE 1
Comparison of models in terms of their structures
Integrat- Dynamic
Characteristics ed Sf:hool Model of School Education
Effectiveness | School Effec- | Assessment Model
Model tiveness
Context-level v Y Y
School-level v \ Y
Classroom-level v S Y
Student-level x N Y
Input unit v x \
Process unit S S Y
Output unit v \ y
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As shown in Table 1, the three models have considerable similarity. However,
the models differ in certain areas. The Integrated School Effectiveness Model
lacks the student-level, whereas the Dynamic Model of School Effectiveness
lacks the input unit. By integrating the two models, the proposed school education
assessment model bridges the gaps between these two models. Thus far, we
have shown a procedure for constructing a skeletal frame for school education
assessment model, with one such frame presented in Figure 1.

Identifying educational effectiveness factors

The proposed education assessment model, as in Figure 1, fits well with a
typical structure of an education system. Next, educational effectiveness factors
that have the potential to explain the functioning of the different levels of the
proposed model have to be identified. Researchers have presented a range of
benefits from using educational effectiveness factors in educational assessment
programmes: disaggregating student achievement by population sub-groups
(Barton, 2002) guiding further research on longstanding correlates of educational
achievement (Barton, 2002; Grissmer, 2002); informing educational policy
about the contexts of learning ( Walberg, 2002); evaluating the potential for
bias in assessment results, and tracking over time changes in contextual and
instructional factors.

Given the wide-ranging benefits of educational effectiveness factors,
researchers recommend specific criteria for incorporating such factors in high
profile educational assessment programmes. National Assessment of Educational
Progress (NAEP) has set the following criteria for selecting educational
effectiveness factors: relevance to the main purposes of NAEP; professional
standards for reliability and validity; currency; broad public acceptability; and
value in comprehending and explaining student achievement for improvement.
Other studies note that educational effectiveness factors must be based on the
findings from the educational and social science research studies and meta-
analyses (Barton, 2002). Persuasive claims have been reported about the
concordance between these criteria and educational effectiveness factors used
in international educational assessment programmes (NAGB, 2006), implying
the international educational assessment programmes as potential database for
educational effectiveness factors. Therefore, Table 2 presents a list of educational
effectiveness factors used in NAEP, TIMSS, and PISA. Table 2 will be a starting
point for identifying educational effectiveness factors for the proposed skeletal
education assessment model.
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TABLE 2

Contextual variables used in NAEP, TIMSS, and PISA

NAEP Educational Effectiveness Factors

Self-efficacy

Student Teacher School
. . School type

Socio-economic status - P .
Racelethnicity Race Socio-economic status
Age Gender Grade structure

N Experience Instructional days
Gender .

- Credentials Total enrolment
Disability status . . . .
LEP Academic qualification Enrolment mobility

in teaching subject Grade retention
Enrolment status . . .
. Professional qualifi- Graduation rates
TV watching .
. cation % of LEP
Absenteeism .
. Frequency of correction % of students absent
Language in home
work % of teachers absent

Courses taken .

N Frequency of laboratory | Teacher retention
Time spent on homework .

work Post-secondary education

Use of ICT
TIMSS Educational Effectiveness Factors
Student Teacher Curn_cu_lum School
Specialists

Home and school lives
Classroom experiences
Self-perception and
attitudes

Homework
Out-of-school activities
Use of ICT

Home educational
support

Demographic infor-
mation

Academic preparation and
Certification

Induction programme
Professional development
Demographic information
Curriculum topics taught and
time spent

Instruction time
Instructional activities
Assessment and homework
Use of ICT

Use of calculator
Emphasis on investigation

School demographics

Formulation of School organization

curriculum School goals
Scope and Roles of the school
content of the | principal

curriculum
Organization of
the curriculum
Monitoring and
evaluation of
the implement-
ed curriculum

Resources to support
mathematics and
science learning
Technology, support,
and equipment
School social climate
Parental involvement

Curricular Teacher recruitment
materials and Teacher evaluation
support

PISA Educational Effectiveness Factors

Learning and instruction
Motivational factors
Self-beliefs

Value beliefs

Subject related careers
Use of ICT

School characteristics

Admittance policies and instruc-
tional context

School management

School resources

School activities

Student School Parent [science related]
Students’ past science activities
Parents’ perception of school quality
Background Parents’ views on the importance of science

learning

Parents’ reports on science career motivation

Parents’ general value of science

Parents’ personal value of science

Parents’ love of concern for environmental
issues

Parents’ optimism regarding environmental
issues
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Guided by Table 2, the relation between educational effectiveness factors
and student outcomes can be further explored, with the aim of selecting the
former for inclusion in the proposed skeletal school education assessment model.

Educational effectiveness factors at student-level

A review of educational effectiveness studies show a range of educational
effectiveness factors related to the student-level of the proposed educational
assessment model, and the following factors are common in the studies and
are considered necessary for inclusion in the proposed model: gender; age;
socio-economic status (SES); engagement; motivation; self-efficacy; self-
regulated learning skills; homework; ICT; classroom management; and school
climate. Table 3 presents a tabular literature map of these factors with their
areas of significance in relation to educational effectiveness and the studies that
highlighted the significance.

TABLE 3

Educational effectiveness factors at student level

Factors

Significance

Study

Gender

Achievement gap; Peer
relationship; Co-educa-
tion; Academic culture;
Class attitude; Achieve-
ment orientation; Sub-
ject selection

Clark, Lee, Goodman, & Yacco
(2008); (Crosnoe, Riegle-Crumb,
Frank, Field, & Muller (2008);
Malacova (2007); Younger &
Warrington (2006); Gaer, Pust-
jens, Damme, & Munter, (2006);
Graham, Tisher, Ainley, & Ken-
nedy (2008); Cox (2010)

Age

School readiness; Ac-
ademic redshirting;
Grade retention;

School drop out

Guevremont, Ross, & Brownell
(2007); Jimerson, S. R., Pletcher,
S. M. W, Graydon, K., Schnurr, B.
L., Nickerson, A. B., & Kundert,
D. K. (2006)

Socio-economic
status

Student achievement;
Educational resources;
Equity and accessibility

Lee, Grigg, & Dion (2007);
OECD (2010)
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Engagement

Life-long learning

Hughes, Luo, Kwok, & Loyd
(2008);
Buhs, Ladd, & Herald (2006)

Motivation

Value motivation; In-
strumental motivation;
Mastery goal

Performance goal; Stu-
dent achievement

Tileston (2010); Vansteenkiste,
Timmermans, Lens, Soenens, &
Broeck (2008); Hattie ( 2009)

Self-beliefs

Self-concept; Self-effi-
cacy; Goal-orientations

Bandura (1977); Hattie (2009);
Scheier (2005); Caprara, Barba-
ranelli, Borgogni, & Steca (2003)

Anxiety

Avoidance tendencies;
Tractable nature of anx-
iety

Carver & Scheier ( 2005); Ash-
craft & Moore (2009); Geist
(2010); Hellum-Alexander (2010)

Learning envi-
ronment

Competitive learning;
Cooperative learning;

Structured teaching
strategies;

Constructivist teaching
strategies

Stapel and Koomen (2005);

Self-regulation

Monitoring; Con-
trolling; Evaluating

OECD ( 2010); Boekaerts and
Niemivirta (2005);

Homework

Time on task; Feedback;
Task frequency; Social
learning; Self-discipline

Brock, Lapp, Flood, Fisher, &
Han (2007); Cooper, Robinson,
& Patall (2006); Brock, et al. (
2007); Mullis, Martin, Ruddock,
Sullivan, & Preuschoff (2009);
OECD (2010): Cooper, et al. (
2006)

ICT

Mediational tool;
Currency of learning;
Self-regulation

Hennessy, and Brindly (2004);
Ruthven, K., Hennessy, S., &
Brindley, S. (2004); llomaki &
Rantanen ( 2007); Mullis, et al.
(2009); OECD ( 2010)
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Physical arrangement;

Rules and procedures; | Marzano (2003a, 2003b); Simon-

Classroom man- sen, Fairbanks, Briesch, Myers, &
agement Student behaviours; Sugai (2008); Cothran, Kulinna,
& Garrahy (2003)

Disciplinary interven-
tions

Student misconduct;
Aggression; Drug
abuse; Scheerens (2000); Macneil, Prat-
er, & Bush (2007); Mullis, et al.
School climate Delinquent behaviour; | ( 2009); OECD (2010); Wilson
(2004); Koth, Bradshaw, and
School size; Leaf (2008)

Teacher turnover

Educational effectiveness variables at classroom-level

Similar to the student-level of the proposed model, the classroom-level of
the model requires educational effectiveness factors. Professional development,
appraisal and feedback, and teaching effectiveness components are commonly
reported in the literature as relevant educational effectiveness factors for the
classroom-level of the proposed model and considered necessary for inclusion
in this model. Other classroom-related educational effectiveness factors like
self-efficacy, classroom management, school climate, homework, and ICT have
already been examined in earlier section, and teacher demographics will be
examined in a later section as part of school resources. Table 4 presents a tabular
literature map of these factors together with their areas of significance in relation
to educational effectiveness and the studies that highlighted the significance.

10
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TABLE 4
Educational effectiveness factors at classroom level

Factors Significance Study

Workshops; Educa-
tion conferences or

seminars; QL.lahﬁcatlon OECD ( 2010); Yoon, Garet,
programmes; Obser-

h .. Birman, & Jacobson ( 2006);
. vation visits to other
Professional schools: Particioation in Starkey, Yates, Meyer, Hall,
development ' P Taylor et al. (2009); Wayne,

?nréei\%olj; %fr t::ﬁgggsr;a_ Yoon, Zhu, Cronon, & Garet
(2008)

tive research; Mentor-
ing; Peer observation;
Coaching

Professional growth;

Appraisal and accountability; opportu-

OECD (2010); Ministry of Ed-

feedback o ucation (2010); Gratton (2010)
nities for support

Teaching :2:::33:32:: s\,/t?;t?abliiz;' Seidel & Shavelson (2007);

effectiveness N gies, Marzano (2003b); Hattie
student learning; learn-

components (2009)

ing outcomes

Educational effectiveness variables at school-level

The following educational effectiveness variables at school-level are
examined in this section and considered necessary for inclusion in the proposed
model: school policies and practices related to school admittance, within school
ability grouping; school autonomy; parental involvement; educational leadership;
and school resources. School climate, as an educational effectiveness factor
at school-level has been examined in the section on educational effectiveness
factors at student-level. Similar to educational effectiveness factors at student-
and classroom-levels, educational effectiveness factors at school-level are
examined in terms of their association with student achievement and contribution
to overall quality education. Table 5 presents a tabular literature map of these
factors together with their areas of significance in relation to educational
effectiveness and the studies that highlighted the significance.

11
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TABLE 5

Educational effectiveness factors at school level

Factors

Significance

Study

School policies

Student admittance;
school choice; student
mobility; social segrega-
tion; grade- and resi-
dent-oriented admissions

OECD (2010); Soderstrom
& Uusitalo (2010); Gibbons,
Machin, & Silva (2008);
Lavy ( 2010)

School policies

Ability grouping

Hattie (2009)

School policies

School autonomy

Eurydice (2007); Maslowski,
Scheerens, & Luyten (2007);
West, Allmendinger, Nikolali,
& Barham (2010); Fuchs &
Wobmann (2007); OECD
(2010)

School policies

Parental involvement

Bowen & Lee (2006); Jeynes
(2007);
Eamon ( 2005);

Educational
leadership

Instructional leadership;
transformational leader-
ship;

Hallinger (2003); Scheerens,
et al. (2003); Leithwood

& Jantzi (2005); Witziers,
Bosker, & Kruger (2003)

School resources

Teacher ability; Teach-
er education; Teacher
experience; Teacher sal-
ary; Teacher-pupil ratio;
Per-pupil expenditure;
School size; Student SES

Scheerens (2000); Barber
and Mourshed (2007);

Educational effectiveness factors at context-level

Researchers in educational effectiveness have identified context-level
educational effectiveness factors as national educational policy, evaluation of
educational policy, national education environments, descriptive characteristics
of school and its environment, and external achievement stimuli. Table 6 presents
a tabular literature map of these factors together with their areas of significance
in relation to educational effectiveness and the studies that highlighted the

significance.

12
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TABLE 6
Educational effectiveness factors at context level
Factors Significance Study

National educational policy;
Evaluation of educational
policy; National education | Scheerens (1990,
Context environments; Descriptive | 1992, 1997); Creemers
characteristics of school and | and Kyriakides (2008);
its environment; External
achievement stimuli

Fleshing out the proposed school education assessment model

The preceding sections identified some key educational effectiveness factors
for all the levels of the proposed school education assessment model. This
section fleshes out the proposed school education assessment model with the
key educational effectiveness factors.

School Education Assessment Model with Educational Effectiveness Factors

The proposed school education assessment model can now be fleshed out with
educational effectiveness factors relevant to its levels. First, the model is a multi-
level structure, with the structure consisting of context-, school-, classroom-,
and student-levels. Second, the model uses the input-process-output paradigm.
Third, as discussed, the model is underpinned by the assumptions of the
Integrated School Effectiveness Model and the Dynamic School Effectiveness
Model. Fourth, context-, school-, classroom-, and student-levels of the model
are characterized in terms of the educational effectiveness factors described in
the literature of educational effectiveness research and large-scale educational
assessments. It may be noted that some factors are used at more than one level
(eg., classroom management). We believe that this will enable the comparison of
perspectives formed on the common factors at different levels. Figure 2 shows
the proposed model with the educational effectiveness factors.

13
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FIGURE 2. School education assessment model fleshed out with educational
effectiveness factors.

It can be deduced from Figure 2 that all educational factors in the proposed
model may not have significant effects on student achievement other than
enhancing its complexity. As Aarts (2007) convincingly elaborates, this relates
to parsimony in model specification. However, the parsimony of the proposed
model can be examined in two ways. First, the educational effectiveness factors
at different levels of the proposed model may provide information about the
relationship between the adjacent levels. Second, the proposed model may
yield information about the level that relates optimally to student achievement.
In either case, the proposed model aligns with its key purpose of informing
stakeholders in school education about its overall health by addressing what
works in school education and why.

Validating the Proposed School Education Assessment Model

We present a comparative analysis of the models, with their educational
effectiveness, in Table 7, with the aim of enhancing the validity of the proposed
model.

14



Developing a Model for Assessing School Education System

TABLE 7

Comparative list of educational effectiveness factors identified by different

models

Integrated School
Effectiveness Model

Dynamic School Effectiveness
Model

School Education Assessment
Model

Context-Level Factors

« Achievement
stimuli from higher
administrative levels

+ Development
of educational
consumerism;

+ Co-variables like school
size, student-body
composition, school
category, and urban/
rural distinctions

School-Level Factors

» Achievement-oriented
policy

» Educational leadership

« Consensus, co-
operative planning of
teachers

* Quality of school
curricula in terms of
content covered, and
formal structure

« Pressure for
achievement;

+ Recruitment of
qualified staff

« Financial and material
Characteristics of the
school

< Orderly atmosphere

« Evaluative potential

Classroom-Level Factors

» Time on task

« Structured teaching

« Opportunity to learn

» High expectations of
pupils’ progress

« Evaluation and
monitoring of pupils’
progress

+ Reinforcement

Context-Level Factors
« National/regional policy
for education
« Evaluation of policy
« Educational environment

School-Level Factors
« School policy and
evaluation of school
policy

Classroom-Level Factors
* Quality of teaching

(orientation, structuring,
modelling, application,
questioning, assessment,
management of time,
classroom as a learning
environment)

Student-Level Factors
« Aptitude
« Perseverance
« Time on task
« Opportunity to learn
* SES
* Gender
« Ethnicity
« Personality traits
« Expectations
« Thinking style
« Subject motivation

Context-Level Factors

« National policy for
education

« Evaluation mechanism
for educational policy

« National educational
environment (e.g.,
educational consumerism,
school category)

« External achievement
stimuli

School-Level Factors
« School policies and
practices
« School climate
« Educational leadership
« School resources

Classroom-Level Factors

« Demographic profile

« Professional development

« Appraisal and feedback

« Self-efficacy

« School climate

« Classroom Management
(Climate)

« Effective teaching
components

* Homework

« Tests

< ICT

Student-Level Factors
* Gender
. Age
- SES
* Motivation
« Self-efficacy
« Self-regulation
« Learning preferences
* Homework
« ICT
« Classroom management
« School climate
« Engagement

15




Rabsel: the CERD Educational Journal, Vol. 19, Issue - 1, 2018

As shown in Table 7, the models have similar educational effectiveness
factors. For instance, all three models use teaching components as educational
effectiveness factors at the classroom-level. On the other hand, the proposed
school education assessment model differs from the other two models by its
inclusion of ICT as an educational effectiveness factor. However, only by
comparing the models will not enhance the validity of the proposed school
education assessment model.

A consensual approach to developing an assessment model will give the
model wider ownership and strengthen its validity (Mullis, Martin, Ruddock,
Sullivan, & Preuschoff, 2009; OECD, 2010). To accord these attributes to the
proposed model, the model must be presented to a panel of key stakeholders
in school education system. The stakeholders may be identified in terms of
patronage, or professional experience, or management and administrative
experience, or governance experience. Following such an approach to validating
the proposed school assessment model may be informed by some well known
approaches, such as Delphi approach and its variants (Cousien, Obach, Deuffic-
Burban, Mostafa, Esmat, Canva, Kassas, EI-Sayed, Anwar, Fontanet, Mohamed
& Yazdanpanah, 2014). The procedures, as highlighted in this paper, were
followed in Tshering (2012). Therefore, Tshering (2012) may add further insight
into these procedures.

Conclusion

This paper demonstrated a process to develop a school education assessment
model that has the capacity to provide stakeholders in a nation’s education system
with knowledge to drive sound educational policy decisions to improve school
performances. The process involved reviewing the literature on educational
effectiveness, developing a skeletal model based on the review, creating a tabular
literature map for educational effectiveness factors, fleshing out the skeletal
model with educational effectiveness factors on the literature map, validating
the model by panelling the model to a panel of stakeholders, and eventually
piloting the validated model for further refinement.

The paper also emphasized the need to consider the parsimony of the
proposed model by focusing on the model’s capacity to provide between-level
information and the level that optimally relates to student achievement. It is
highly likely that some educational effectiveness factors in the proposed model
may not yield useful information about the health of school systems, which can
only be known after piloting the model.
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The Effect of 5E Learning Cycle on Students’ Understanding of the Law of
Mechanical Energy Conservation
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Abstract

The purpose of this study was to explore grade ten students’ understanding
of the law of mechanical energy conservation using a 5E learning cycle.
An instructional unit was developed based on the contents included
in the curriculum for the middle secondary school level and was
tailored within the framework of 5E learning model. A pretest posttest
nonequivalent control group quasi experimental research design was
employed in this study involving 51 grade ten students (27 experimental,
24 control). The concept of the law of mechanical energy conservation
was taught using a 5E-based instructional unit for the experimental
group while a conventional lecture method was used for teaching the
control group. A Conceptual Evaluation Test on the Law of Mechanical
Energy Conservation (CETMEC) was administered as pretest and
posttest for both the groups to determine the differences in their learning
achievements. A t-test analysis for the pretests revealed that there were no
significant differences indicating that the learning ability on the concept
of the law of mechanical energy conservation for both the experimental
and control groups were approximately equal (t(49) =-1.13, p=.26<.05).
However, the posttest analysis showed a meaningful difference between
the groups in favor of the experimental group (t(36.6)=-6.54, p=.00<.05).
The magnitude of differences in the means of two groups using the Cohen’s
d was observed to be moderate.

Key Words: Energy, law of mechanical energy conservation, 5E
learning cycle, physics,

Statement of the Problem
Energy is a crucial concept in physics problem solving but it is also often a

cause of confusion for students when it is not properly interpreted and presented
(Jewett, 2008a). It is so closely related to energy conservation that it is nearly
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impossible to describe it separately (Goldring & Osborne, 1994; Tatar & Oktay,
2007). Studies have revealed that the most common difficulty in understanding
energy is its conservation (Swackhamer, 2005). Although the students can easily
define the law of conservation of mechanical energy, a majority of students still
think that the energy can be created as well as destroyed (Swackhamer, 2005).
This indicates that the ideas perceived by the students are not parallel with the
scientific perspectives.

Many scientific concepts are abstract and complex for the students, possibly
because of inappropriate materials and pedagogies used by the teachers in the
classrooms. However, as scientists do, it is important to break down these
abstract concepts into something more concrete so that it becomes simple for
the students to understand.

The law of mechanical energy conservation in the Bhutanese context is
largely taught using theoretical or rather imaginary explanations provided in
the textbooks. Abstract concepts such as this can be made more exciting and
concrete using appropriate pedagogy and materials in the classrooms. One such
strategy is by introducing the 5E learning cycle approach-based instructional
unit, that offers students hands-on learning as well as opportunities to engage
and encounter a direct experience resulting to an expansion of reflective skills
and retentions (Haury & Rillero, 1994). The use of hands-on inquiry in the
5E learning cycle not only enhances students’” understanding but also shifts in
the students’ understanding (Bybee et al., 2006). This study therefore attempts
to develop an instructional unit based on the 5E learning cycle approach to
enhance the students’ understanding of law of mechanical energy. In doing so,
it attempts to answer the following research question: To what extent has the
5E learning cycle approach helped in enhancing the students’ understanding of
law of mechanical energy conservation?

Literature Review

With the aim of bringing a reform in student learning, a lot of learning
theories have evolved that facilitated to shift the traditional mindset from
accepting the students as ‘sponges’ to recognizing they are ‘active builders
of the meaning” (Wilson & Peterson, 2006). Rousseau and Dewey, who have
done a pioneering success to incorporate the constructivist perspectives into the
field of education (Dimock & Boethel, 1999) believed that learners construct
knowledge (Dimock & Boethel, 1999; McLeod, 2003) and that they take into
consideration the existence of prior knowledge, understandings and interest
(McLeod, 2003). According to constructivist views, the learners’ knowledge is
constructed through one’s own experiences and contact with the environment. In
such learning, the learners are active knowledge constructors and the instructor
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assists as a facilitator of transmitting the knowledge.

Similarly, in VWgotsky’s (1896-1934) social constructivist theory, the
social interaction is a key element that aids the learners to make meaning from
their knowledge. When humans are made to collaborate and interact, they
communicate with each other to link the ideas and form meaning through the
process of scaffolding. This theory believes that effective learning in students will
take place when the tasks provided to them are too challenging to perform alone
but can be done through social cooperation and collaboration, a phenomenon
referred to as ‘zone of the proximal development’. Interestingly, this study
falls within the framework of social constructivism which functions under the
umbrella of constructivism.

Although science educators have started to initiate a way of teaching
science for understanding, a wide gap is still reported to have existed between
how students learn and what they learn (Holubova, 2008) because traditional
physics classrooms continue to emphasize learning facts and definitions and
excessive use of formulae to answer problems (Mulhall & Gunstone, 2008). One
such concept in the Bhutanese context would be the law of mechanical energy
conservation which is explained using illustrative but imaginary examples in
the textbooks.

The concept of energy conservation has gained much attention (Solbes,
Guisasola, & Tarin, 2009) due to which it remained as a subject of interest for
many physicists. While it forms a fundamental part of any introductory physics
(Hwu, 1980; Hassani, 2005; Santos, Soares, & Tort, 2010; Li, 2012; Bambill,
Benito, & Garda, 2004) and classical mechanics (May, 1936), students are able to
solve only the simple energy problems and not the ones that involve principles of
energy conservation (Speltini & Ure, 2002). The concept of energy conservation
is widely misunderstood and accepted in a manner that is not parallel with the
scientific point of view (Solbes et al., 2009).

One reason could be because the learners are not familiar with the usage of
the word while describing the law of mechanical energy conservation. Students
are often confused with the terms like ‘conservation’ because they think that it is
asynonym to the word ‘saving’ (Tatar & Oktay, 2007; Mweene & Mumb, 2012).
Even in science teaching, there are two meanings of conservation that confuse
teachers (Sefton, 2004). Conservation from the perspectives of the physicists’
states that, no matter what events take place, at the end the total mechanical
energy in the system remains the same. But the majority of the students think
that conservation indicates saving or not wasting energy. The students are
able to remember and recite the law with a relative easiness, but are not able
to apply correctly in real situations (Tatar & Oktay, 2007; Mweene & Mumb,
2012). This is possibly because students, as asserted by Driver and Warrington
(1985), consider energy not as a conserved quantity but something that is active
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only for a short while. The synonymous use of the term conservation and saving
in daily life is also accredited for the same cause (Mweene & Mumb, 2012).

According to Millar (2005), Featonby and Jeskova (2012) and Needham
(2011), conservation is defined as the total amount of energy, which remains
same both in the beginning and the end no matter what kind of processes or
events take place. This means that energy can neither be created nor destroyed
(Tatar & Oktay, 2007; Wisniak, 2008; Daane, Vokos, & Scherr, 2013; Larmer,
2014; Herrmann-Abell & DeBoer, 2011; Mweene & Mumb, 2012). In principle,
energy is a conserved quantity (Driver & Warrington, 1985) and that same
quantity remains constant at the end as was in the beginning of the process
(Daane et al., 2013). In Newtonian mechanics, the law of mechanical energy
conservation implies that the sum of the potential energy and the kinetic energy
is always constant in an isolated system (Wisniak, 2008; Santos, Soares, & Tort,
2010). This means that for the particular system, the total amount of energy can
only be changed if the energy is transferred into that system or if the energy
is being transferred out of that system. Feynman (1963) further highlights the
fact that this numerical quantity does not change even when there are manifold
changes of nature and its processes. He states that even after the tricks of the
nature and repeated transformations, the quantity remains the same throughout
as we calculate all forms of energy in the system again.

Precisely, in the law of mechanical energy conservation, the energy can
change from one kind to another, but at the end, the total energy involved in the
system always remain the same. The energy which was present in the beginning
might have turned out to be different in its form during the process, but the total
amount of that energy at the end of the event within a system remains the same
as in the beginning. The law of mechanical energy conservation takes place
only in an isolated system where there is no transfer or exchange of energy
across the boundary of the system (Jewett, 2008b). However, the existence
of such isolated systems is only theoretical and that they do not exist at all. In
most of the scientific experiments, the non-conserved forces such as friction
and gravitational forces are often neglected and assumed negligible even if we
know that their existence is inevitable and pervasive.

In the pretext of such conditions, studies have been carried out to study
the law of mechanical energy conservation under varied situations. The law of
mechanical energy conservation was studied based on the Galilean principle of
relativity and both conservation of linear momentum and angular momentum
was also discussed (Santos et al., 2010). Conservation of energy was also studied
using a projectile motion (Hwu, 1980) and its bowing effect using an inclined
plane (Li, 2012). Similarly, conservation of mechanical energy in the theory
of inviscid fluid sheet was studied (Shields & Webster, 1989) and found that
mechanical energy is conserved. Bambill et al. (2004) explained the law using
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a conical pendulum. In a laboratory study conducted by (Bryan, 2010), a video
analysis was used to study the motion in a) an object that is freely falling, b)
in a simple pendulum c) rolling of objects in an inclined plane and d) object
oscillating on springs using a software LoggerPro. The study has provided a
precise data, yet it was more sophisticated (Bryan, 2010).

Speltini and Ure (2002) have conducted a study based on an exploratory
approach with 114 students to find conservation principles, meaning of
conservation and examples of both conservation and non-conservation.
Daane et al. (2013) involved K-12 teachers to study the concepts, including
conservation, amount and forms of energy and its usefulness. Meanwhile
Brook and Wells (1988) surveyed and documented the understanding of energy
and energy conservation of 10 teachers and students aged 11-15 and observed
that the majority of them had limited understanding of conservation. A total
of 28 students who have already studied relevant ideas in physics was also
investigated to trace the extent to which students used energy conservation ideas
in solving both written and practical problems (Driver & Warrington, 1985).
It was illustrated that the concept of energy conservation was rarely used in
analyzing a problem. In a study by Solbes et al. (2009), a teaching sequence
was designed and assessed to introduce the concepts of energy conservation for
post-secondary students and revealed that the teaching sequence if combined
with a methodology used in the classroom may effect a better understanding of
law of mechanical energy conservation. Herrmann-Abell and DeBoer (2011)
has involved 9739 middle and 5870 high school students and 176 university
students to assess about energy concepts, energy transfer and transformation and
energy conservation using a standard-based multiple choice format. The study
revealed that the students had difficulties with items related to conservation and
its application to a specific real-world.

In our contextual level, using the similar research instrument, 30 grade ten
students were piloted in one of the middle secondary schools in western Bhutan
to study the effectiveness of a low cost hands-on model embedded with the
tenets of guided-inquiry approach (Wangdi, Precharatanna, & Kanthang, 2014,
2017). A year later, 100 middle secondary students were also investigated to
find if they possessed scientific understanding of law of mechanical energy
conservation using the guided inquiry laboratory (Wangdi, 2015). Both these
contextual studies revealed the enhancement of the students’ understanding using
a guided inquiry approach. Even though this study has looked for conceptual
change studies for teaching the law of mechanical energy conservation using
the 5E learning cycle in the related databases, no directly relevant study was
encountered. Hence, a 5E learning cycle embedded instructional unit which
emphasizes hands-on activity for the students to involve directly with the specific
task has been employed in the study.
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The 5E Learning Cycle

Whether it is due to the instructional setting or the experiences, the students
already have pre-formed ideas regarding the scientific concepts. Such existence
of the conceptual schemata, according to the constructivism is useful for the
construction of the ideas in the new situation (Trumper, Raviolo, & Maria
Shnersch, 2000). The teaching is likely to be ineffective unless teachers and
curriculum materials consider the existence of learners’ preconceptions. The
principle of constructivist learning is such that students discover their own
understandings through activity and our [educators] presence is only to facilitate
this discovery (Cooperstein & Kocevar, 2004).

One such constructivist approach that caters to the students’ meaningful
learning through their prior knowledge is the 5E learning cycle. The 5E learning
cycle includes five instructional stages namely engagement, exploration,
explanation, elaboration, and evaluation (Bybee, 2002, 2009). The first phase
of the 5E learning cycle is the engagement phase, where the teacher accesses
students’ prior knowledge and engages them in learning a new concept using
some activities. These activities stimulate students’ thinking and assist them to
make connections between their prior and present knowledge, thereby helping
them to organize the thoughts towards the learning outcome of the current
activities.

In the exploration phase, the teacher provides students with a common set
of activities in which it reflects their preconceptions, processes and skills. The
students use their prior knowledge to generate new ideas, compare and explore
questions and possibilities and investigate preliminary investigation.

In the third phase, explanation, the teacher focuses students’ attention on
specific aspects of their engagement and exploration experiences and provides
opportunities for them to demonstrate their understanding, skills and behaviors.
The students are involved in an analysis of their explorations and the teacher
facilitates them to clarify and modify their understanding of the concept.

Elaboration is the fourth phase during which the teacher challenges and gives
students the opportunity to expand and solidify their understanding of the concept
and apply it in the real-world situations. Exposure to such new experiences help
students to develop broader and deeper understanding and skills of the concept.

The last phase of 5E called evaluation encourages students to assess their
understanding and abilities and provides opportunities for teachers to evaluate
students’ progress toward achieving the learning goals (Bybee, 2002, 2009).
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Methodology

This study which employed a quantitative research design was undertaken
in one of the higher secondary schools in western Bhutan.

Experimental Research Design

A pretest and posttest control group quasi experimental research design was
employed in this study. 51 grade ten students who were involved in this study
were divided into two groups: a control group (N=24) and an experimental group
(N=27). Atest questionnaire that consisted of 13 two-tier items was administered
as a pretest for one hour forty minutes to both the groups that were assumed
to have similar knowledge and understanding on law of mechanical energy
conservation. The control group was taught using a conventional lecture method
while the experimental group was taught using a 5E instructional unit designed
for two hours. The implementation of the 5E intervention strategy followed the
5 phases of engagement, exploration, explanation, elaboration and evaluation
(Bybee, 2002, 2009). After the 5E intervention and conventional teaching was
over for both the experimental group and the control group, both the groups took
part in the posttest for another one hour forty minutes. The posttest consisted of
the same but reshuffled items of the pretest. The items were reshuffled to avoid
or minimize the students’ assumption of the answers based on arrangement of
the pretest items.

FIGURE 1: Experimental research design.
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Research Instruments

In this study, both instructional and research tools were used. The instructional
tools included a lesson plan tailored on 5E learning cycle and student worksheets.
The conceptual evaluation test on the law of mechanical energy conservation
(CETMEC) was used as the main research instrument to investigate the students’
understanding on law of mechanical energy conservation. The CETMEC which
consisted of 13 parallel items in a form of two-tier multiple choice was used
for both pretest and posttest.

In two-tier items, the first tier checks the knowledge of the student while
the second tier tests the student’s knowledge beyond recall and higher level of
thinking (Cullinane & Liston, 2013). Of the 13 items, 10 items (except item
1, 7 and 12) were adapted from the American Association for Advancement of
Science (AAAS, 1989). The items 1, 7 and 12 were self-created. The 10 items
adapted from AAAS (1989) Project 2061 were in the form of multiple choice
questions that were used to study the understanding of energy and energy
conservation for grade 7-12. However, in this study those items were modified
into two-tier multiple choice format. Those adapted items were either used to find
the conceptual understanding in the first tier or to determine the reasoning and
thinking skills in the second tier. But both the tiers were designed as a multiple
choice that had only one correct answer.

The first tier consisted of true, false and ‘I don’t know’ as the options. ‘I
don’t know’ was included to give freedom of choice for those students who do
not possess any knowledge regarding the law of mechanical energy conservation
rather than simply guessing it. The second tier consisted of five possible reasons
to support the options the students have attempted in the first tier, but only
one among these reasons was correct. The rest of the reasons were either the
misconceptions gathered from the relevant literature (such as AAAS, 2016) or
through the personal classroom teaching experiences. Even in the second tier,
‘I don’t know’ was also included as one reason in order to avoid the guessing
of students, which might bring error or misunderstanding in the analysis of the
students’ understanding.

The CETMEC was used during the pretest for both experimental and control
groups, while it was also used in the posttest by reshuffling the items after the
treatment of the 5E instructional unit (for experimental group) and conventional
teaching (for control group). Table 1 shows how each item was constructed to
measure the different constructs in this study.
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TABLE 1
The three constructs and corresponding CETMEC items

Items Constructs

1,2,3,4,9 Energy conservation

56,7, 8 Energy is created or destroyed

10, 11, 12, 13 Energy is transferred or transformed

Validity and reliability

Most of the CETMEC items adapted for this study were already employed to
investigate the students’ understanding of energy transfer, energy transformation
and the law of mechanical energy conservation (e.g. Herrmann-Abell & DeBoer
(2011). However, in order to find the contextual applicability and standardization,
these multiple choice items which were modified into a two-tier format for the
purpose of this study were subjected to a panel of experts having a relatively
higher knowledge and experiences in teaching physics for higher secondary
schools.

A content validation was done by determining the Item-Object Congruence
(Rovinelli & Hambleton, 1976) and all the items having an 10C index > 0.80
were accepted during the pilot study (N=30) conducted in 2014 (Wangdi,
Precharatanna, & Kanthang, 2014, 2017) and later implemented to another 100
grade ten students in one of the middle secondary schools in western Bhutan
(Wangdi, 2015). The reliability coefficient (Cronbach’s alpha) obtained was
0.768 indicating that the items were favorable and reliable for the implementation
(DeVellis, 2003; Tavakol & Dennick, 2011; Bland & Altman, 1997).

In order to assess the quality of the items, the item difficulty and
discrimination index were also determined. An acceptable value of 0.7 for item
difficulty and overall discrimination index of 0.47 was determined indicating
that the items were valid and suitable for the implementation (Pande, Pande,
Parate, Nikam, & Agrekar, 2013; Karelia, Pillai, & \egada, 2013; Boopathiraj &
Chellamani, 2013) and fell under the category of “very good’ items (Ovwigho,
2013; Sabri, 2013).

Sampling

A convenience sampling method was used in this study. Such non-
probability sampling procedure allows the researcher the freedom of choosing
the informants based on the similarity of qualities (Tongco, 2007) or practical
criteria such as availability at a given time owing to a geographical proximity
and easy accessibility (Etikan, Musa, & Alkassim, 2016). Since the concept of
law of mechanical energy conservation is introduced in the tenth standard of the
Bhutanese curriculum, this study involved 51 grade ten students (experimental
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27, control 24) studying in one of the higher secondary schools in western
Bhutan. For the purpose of this study, the students were grouped into control
and experimental group based on their class section.

Data collection

Prior to the execution of this study, approval from the school administration
to conduct the study in the school and the students to be the participants of this
study was formally sought. After their approvals, the study was scheduled to take
place during school hours without posing any hindrances on their usual academic
timings. The pretest using the CETMEC questionnaire was administered to both
experimental and control group for 90 minutes before the intervention. After the
pretest was over, the teaching of 5E learning cycle-based instructional unit on law
of mechanical energy conservation was implemented to the experimental group
for 120 minutes. For the control group, the same concept of law of mechanical
energy conservation was delivered using a conventional lecture method for the
same duration. Both the groups were then administered with the posttest that
comprised of 13 parallel but reshuffled items for another 90 minutes.

Data Analysis

The data collected were analyzed using the t-tests. The means of the pretest
and posttest for both the groups were determined to compare the learning ability
on the concept of law of mechanical energy conservation for the experimental
group that was taught using the 5E learning model and the control group which
was taught using a conventional lecture method.

Results

The pretest and posttest were administered to both the experimental and
the control group with an aim to make a comparative analysis on the students’
learning achievement before and after the implementation of the 5E instructional
unit in teaching the law of mechanical energy conservation. A statistical
analysis for the mean score of pretest (Table 2) and posttest (Table 3) for both
experimental and control groups were compared using t-tests which is presented
below:

Pretest results

This study assumed that the learning ability on the concept of law of
mechanical energy conservation for both the experimental and control groups
being taken from the same parent population would be approximately equal.
On the basis of this assumption, the null hypothesis (H0), for this study was
that there would be no significant differences between the mean score of the
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experimental and control groups in terms of their learning ability for the concept
of the law of mechanical energy conservation i.e. HO: pl = u2 where, pl and p2
are population means of the experimental and control group respectively. The
t-test analysis for the mean scores of pretests for both experimental and control
group was examined as shown in Table 2. There was no statistically significant
difference in the mean scores of experimental group (M=12.89; SD=1.84) and
control group (M=12.33; SD=1.63; t(49)=(-1.13), p =.26). Since the calculated p
value was greater than the significant level .05 (p>0.05), the null hypothesis was
accepted. Hence, it was concluded that both the groups were homogeneous in
learning ability based on the concept of law of mechanical energy conservation
prior to the intervention.

TABLE 2
Pretest mean scores of the control and experimental group
Sig.
Test Group N Mean SD t (2-tailed)
Experimental 27 12.89 1.84
CETMEC Control 24 1233 163 113 263

* Significant at the 0.05

Posttest results

The posttest which consisted of parallel but reshuffled items of the pretest was
administered after the intervention of 5E instructional unit for the experimental
group and conventional lecture method for the control group for 90 minutes.
The posttest was conducted to compare if the use of the 5E learning model for
teaching the law of mechanical energy has a significant effect in terms of student
learning as compared to the conventional lecture method. Hence, the alternative
hypothesis (H1) was that the mean score of experimental group would be higher
than the mean score of the control group i.e. Hl= pnl # pu2 where, pl and pu2
are the population means of the experimental and control group respectively.

Using an alpha level of .05, the independent-samples t-test revealed a
statistically significant difference at t(-6.43) =49, p<.05 as shown in Table 3. An
examination of the group means for the posttest indicated that the experimental
group (M=19.04, SD=2.12) performed significantly higher in the CETMEC
than the control group (M=13.50, SD=3.61). This indicated that the learning
on the concept of law of mechanical energy conservation for the experimental
group was enhanced due to the treatment of 5E instructional model. The effect
size using Cohen’s d was calculated to determine the magnitude of differences
between the mean scores of the two groups and was found to be moderate at
eta squared =.45 (Cohen, 1992).
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TABLE 3
Posttest mean scores of the control and experimental group
Sig. Cohen’s
Test Group N Mean SD t (2-tailed) d
Experimental 27 19.04 212
ceTmec  Control 24 1850 381 673 000 0.45

* Significant at the 0.05
Discussion

This study was conducted to investigate the effectiveness of the 5E learning
cycle on students’ understanding of law of mechanical energy conservation for
grade ten students. The findings of the study revealed that the mean score of
posttest for the experimental group (M=19.04, SD=2.12) where the concept
of the law of mechanical energy conservation was taught using a 5E based
instructional unit was comparatively higher than the mean score of the control
group (M=13.50, SD=3.61) that was taught using a conventional lecture method.
This difference in the mean score establishes that the 5E-based learning unit had
a significant effect on enhancing the learning achievements for the students on
the concept of the law of mechanical energy conservation. Thus, the statistical
significant difference between the pretest and posttest score was due to the
intervention and not due to chance.

The impact of having a higher mean score for the experimental group as
compared to the control group may be explained due to the active participation of
the students demanded at every stage of the 5E learning cycle. Another probable
reason for this observed difference might also include the value associated with
active learning activities during the 5E learning cycle instruction. This is also
supported by Liu, Peng, Wu and Ming-Sheng (2009) that the 5E learning cycle is
an effective hands-on and inquiry-based scientific pedagogy which can enhance
students’ scientific knowledge and understanding. The students in the 5E learning
cycle for this study were actively involved in examining their preconceptions,
exploring and elaborating by applying to newly constructed situations, and
evaluating to construct more appropriate concepts (Piyayodilokchai et al., 2013)
so that their conceptions are consistent with scientific understanding. On the
contrary, such useful stages that helped the students to examine, contradict and
restructure their conceptions were disadvantaged for the students in the control
group that was taught using a conventional lecture method.

The traditional lecture-based teaching with books, chalk and board might
have failed to offer same level of satisfaction and stimulation, participation
and interaction and not encouraged to develop critical thinking as compared
to teaching based on the 5E learning cycle. In this study, the students in the
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experimental group were observed learning the concepts of the law of mechanical
energy conservation on their own, and through interaction using their pre-existing
knowledge and everyday associated phenomena while the teacher was just a
facilitator to that discovery (Cooperstein & Kocevar, 2004). In this modified
constructivist approach teaching, social interaction which is the fundamental
essence of Wygotsky’s social constructivist theory was considered as one
crucial aspect for knowledge construction, group discussion and interaction.
In the presence of such activities, abstract concepts become meaningful and
transferrable for the students to construct meaning (Cooperstein & Kocevar,
2004). In short, this study established that the 5E learning cycle was an effective
intervention strategy for teaching the law of mechanical energy conservation.
Such positive effects of the 5E learning cycle on enhancing the students’
understanding of the scientific concepts were also reported in many previous
studies such as Ercan (2014), Agisli, Yal¢in, & Turgut (2011), Tural, Akdeniz,
and Alev (2010), Yalcin and Bayrakceken (2010) and, Hanuscin and Lee (2008).

This study found that there was no statistically significant difference in the
mean score of both experimental and control group during the pretest. However,
it was observed that there was a statistical significant difference during the
posttest for both experimental and control groups. This finding was in keeping
with the study by Cardak, Dikmenli and Saritas (2008) conducted with 38 sixth
grade students in Turkey. The students’ achievement in studying the circulatory
system for both the experimental and control group were the same at first, but
after the implementation of the 5E learning cycle, the success of students’
achievement was observed in favor of the experimental group. A similar study
by Hirca et al. (2011) asserted that there was a conceptual change in students
and enhanced students’ achievement due to the effect of guide materials based
on 5E in teaching work, power and energy.

Another major finding of this study was the statistical significant difference in
posttest scores of both the experimental and the control group. This finding shares
the similarity with the claims of enhancing fifth grade students’ understanding
of force and motion concepts due to the treatment of the 5E learning cycle
(Campbell, 2000). The achievement tests on movement and force issues for the
first year students studying the General Physics Laboratory Course I in Atatiirk
University, Turkey, also revealed the existence of a meaningful difference
between the groups in favor of the experimental groups. Even though this study
has looked for conceptual change studies for teaching law of mechanical energy
conservation using the 5E learning cycle in the related databases, no direct
relevant study was encountered.
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Conclusions

This study designed and developed an instructional unit on the law of
mechanical energy conservation based on the tenets of the 5E learning cycle.
The purpose of this study was to determine the effectiveness of the 5E learning
cycle in teaching the law of mechanical energy conservation. Based on our
findings, it was established that the SE learning cycle embedded instructional
unit significantly enhanced the students’ understanding on law of mechanical
energy conservation than the traditional lecture method. The students in the
experimental group who were taught using the 5E learning cycle were exposed
to the interactive and stimulating activities that emphasized on learning from
their preconceptions and relating to the real life situations.

The activities designed based on the tenets of the 5E learning cycle have
further excited the students to explore and elaborate with sufficient explanations
for the situations they were introduced to. Such engagements have in a way
encouraged the students to clarify their thoughts, correct their errors and re-
evaluate their existing preconceptions. The students had the opportunity to
explain and relate their ideas and compare them with the new understandings so
that they could accommodate the new concept into their schemata either through
assimilation or accommodation. In short, this study indicated that the students’
understanding of law of mechanical energy conservation was enhanced using
the 5E learning cycle. In other words, the traditional method teaching that was
largely teacher-centered and textbook-oriented revealed a minimal improvement
in enhancing the students’ conceptual understanding.

Recommendations

The results of this study suggest that the 5E learning cycle as an educational
intervention strategy can be used in teaching scientific knowledge that often
challenge and create misconceptions for the students. Though the empirical
findings of this study limit its generalizability, they are consistent with the
literature in suggesting the positive implications of the 5E learning cycle.
Hence, classroom teachers can consider incorporating the 5E learning cycle
which is based on constructivist approach in teaching other subjects than
physics. As required in each phase of the 5E learning cycle, the activities must
enforce collaboration among students and provide a platform to relate their
prior conceptions to different situations, thus fostering a conceptual change.
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Abstract

In line with the philosophy of educating for Gross National Happiness
in Bhutan, the special educational needs SEN policy was drafted by the
Ministry of Education to introduce inclusive education for children with
disabilities. With this, numbers of children living with disability were
enrolled in schools which are recognized as SEN schools. However, there
are many challenges that are associated with the SEN program. The
aim of this study was to investigate teachers’ opinions and experiences
in handling children with special educational needs. The study was
conducted at Kamji Central School under Chhukha district, Bhutan
which was recognized as one of the SEN schools. A purposive sampling
was used to select 31 teachers who possess basic skills on SEN services.
The researchers used mixed method in this study. The quantitative data
was analyzed using inferential statistics mean and standard deviation
while the qualitative data was analyzed using a coding system. The
findings from the study revealed that a majority of the participants were
in favour of SEN program in the school. An average mean on participants’
experiences in SEN service was 3.71, which showed that majority of the
participants were aware of special education for child with disabilities
and had basic knowledge of inclusive education. The study also revealed
that SEN schools are facing challenges such as capacity building and
professional development, revamping of assessment criteria for SEN
students, over-loaded instructional periods for teachers and lack of job
opportunities for SEN students.

Keywords: Special education, special education policy in Bhutan,
opinion, experience

Background

Education has become a part and parcel of children’s lives in Bhutan. Under
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the grace of our visionary Kings, Bhutan introduced modern education as early
as 1913. Education subsequently became compulsory and today education has
become essential for survival. With recent drastic changes in the education policy,
curriculum alignment and children’s right on education, inclusive education has
emerged as mandatory in Bhutan.

With the establishment of modern education in Bhutan at Haa as early as
1914, the number of schools in Bhutan gradually increased thereafter. As a
result, the number of school going children increased year by year, including
the children with disabilities. The first separate school for disabled children was
established at Tashigang (Khaling) in 1973 to enroll students with disabilities.
It was aimed to let every child acquire knowledge and skills joined with moral
and ethical values to become good citizen (Dorji, 2005).

The SEN policy was drafted in line with the principles of Educating for
GNH, an initiative supported and promoted by the former Education Minister
Thakur S. Powdyel to promote Green Schools for Green Bhutan, and the Child
Friendly School concept (MoE, 2011). The Convention on the rights of the person
with disabilities (2010) states that “person with disabilities includes those who
have long-term physical, mental, intellectual or sensory impairments which, in
interaction with various attitudinal and environmental barriers, hinder their full
participation in society on an equal basis with others” (p .1).

The Vision 2020 policy and strategy document by the Department of
Education (2003) as cited in ECCD & SEN Division (2017) also states that:

all children with disabilities and with special needs — including those with
physical, mental and other types of impairment — will be able to access
and benefit from education. This will include full access to the curriculum,
participation in extra-curricular activities and access to cultural, artistic,
recreational and leisure activities. (p.5)

The education of children and young people with special educational needs
and disabilities is now recognized as guiding principle in many countries. Despite
this progress, there are also challenges as Bhutan is an under-developed country
which has financial and human resources limitations to meet the goals of the
2020 policy and strategy document by the Department of Education, 2003.

Today, Inclusive Education Programs are available in 15 SEN Schools under
15 districts in Bhutan that provide SEN services to the students who are living
with disability. Kamji Central School under Chhukha dzongkhag is also one of
the mainstream schools catering SEN services to 23 students having learning
difficulties, intellectual disabilities, low vision, hard of hearing and speech
impairment (from mild to moderate).

At present the idea on the inclusion of children with special needs into
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mainstream schools was one of the biggest educational achievements by the
Ministry of Education of Bhutan, but this move worried many teachers as most
of them lacked professional experience to handle the situation. Tharchen (2009)
argue that, for children living with disabilities, it requires proper planning,
infrastructure, human resource, dedication, and most importantly positive attitude
from all the stake holders such as educators, policy makers, parents concerned
and the children themselves. With the change of attitude of the society, future
of children with disorders can be more harmonious and promising.

Despite many challenges, the ECCD & SEN division under Ministry of
Education has put in hard work and dedication to include those children who
are living with disorders into the mainstream schools to give them a platform
whereby that group of children will feel respected and enjoy their life at full
potential. The introduction of inclusive education for child with disabilities has
helped many children who are left far behind comparing to normal children

Chhetri (2015) stated that, despite the challenges faced by the teachers in the
mainstream schools, it also helped those children with special needs to experience
the general educational settings with other children which encouraged them
to participate more and let them feel proud of being included in the society.
Similarly, Dorji (2003) also felt that the rationale behind the introduction of
inclusive education in Bhutan was to refine and make them independently stable,
which would enable children to be happier citizens. Children with disabilities can
derive the skills through education that helps the child to refine their potential.
This would serve them to get a job whereby they can be independent, and thus
contributing to the development of the country (MoE, 2011).

Under the strict vigilance and supervision from the ECCD & SEN division
under the Ministry of Education, the SEN services are going well in all the
schools. The Ministry also initiated many professional development programs to
build the capacity of teachers to handle students who are living with disabilities.
However, it is still felt that there are many things that need to be done to improve
this program.

In spite of its importance, there are no practical studies conducted on the
introduction of inclusive education for children with disabilities in Bhutan.
Gathering and assessing teachers’ perception and views are essential in this type
of educational setting to improve planning in future. So in this regard since not
many studies were done in Bhutan with regard to the inclusive education for
child with disabilities, the researchers aimed to investigate teachers’ opinions
and practical experiences in handling children with special educational needs.
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Obijectives
1) To investigate teachers’ opinions on the introduction of the SEN Pro-
gram in the schools.
2) To assess teachers’ field experiences and knowledge on the SEN Pro-
gram in the schools.

Research Questions
1) What are the opinions of the teachers with regard to the introduction
of SEN Program in the school?
2) What are the practical experiences of teachers on SEN Program for
children with special needs?

Research process

The researchers obtained an approval from the principal of Kamji Central
School, Chhukha, Bhutan to conduct the research. After seeking the permission
from the principal, the researchers prepared instruments and conducted the study.

Population and Sample

Population in this study comprises of 31 teachers of Kamji Central School,
Chhukha. The researchers used purposive sampling and selected 31 teachers of
Kamiji Central School. The samples were selected since they possessed basic
knowledge on SEN and currently handled special educational need students.

Research instruments

The researchers used semi-structured interviews and survey questionnaires to
collect the data. The opinions shared by the participants in the semi-structured
questionnaires were analyzed by using a coding system based on the grounded
theory of Strauss and Corbin’s (1998). The Mean and Standard Deviation were
used to interpret the result of the study. The survey questionnaires were prepared
using five point Likert Scales which was mainly focused on teachers’ experience
on the SEN program.

Data analysis

The data obtained from the survey questionnaire were compared in terms
of mean (X) and standard deviation (SD).

Further, the data collected from structured interview was analyzed by using
a coding system (open, axial, and selective) based on the Grounded Theory of
Strauss and Corbin (1998).
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1. Analysis of survey questionnaires for teachers experience with (SEN) program

TABLE 1
Mean and standard deviation of survey questionnaire.
Sl. Statements N | Mean | Std-De- Experi-
No viation ence level
The introduction of inclusive ed-
ucation in the school was a good | agree
1 move by the ECCD and SEN 81 4.23 0.884 t(;xst(;r:te
Division, MoE.
Students with special need have I slightl
2 | the access to all round education | 31 3.29 1.006 a greey
with the implementation of IEP 9
- - - Tagree
3 Children with spema_l need have 31 384 0.735 to0 some
better future prospective from IEP
extent
Every child gets equal opportunit I agree
g4 | DVEYCNAgels equUAtopportiuniy |59 | 358 | 958 to some
in the IE Settings
extent
Professional development pro- | agree
5 | grams initiated by the SEN divi- 31 4.00 0.966 to some
sion has helped teachers who are
. extent
handling them
TLM designed for children with | agree
6 special nged benefited them to 31 365 950 to0 some
keep physically fit and to grow
- extent
academically.
. . agree
7 Push-in and pull out services scaf- 31 4.00 391 o some
folds students learning
extent
Community involvement in such | agree
8 | activities are highly recommended | 31 4.06 727 to some
to bring students-parent bond extent
Teachers have the capacity to I slightl
9 | handle children with disabilities | 31 | 290 | 0.790 gty
- agree
in IE school
The SEN Division and ECCD | agree
10 have initiated lots of professional 31 355 961 to some
programs to run the SEN program
: extent
in the country
| agree
Total 31 3.71 0.836 to some
extent
1=strongly disagree. 2= not sure. 3= | slightly agree. 4=I agree to some

extent. 5=I strongly agree.
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It is evident from table 1 that the overall rating in all the 10 items by the
participants with regard to their experience on the SEN program in the school
was significantly high with an average mean of 3.71. This clearly showed
that majority of them were in favor of inclusive education for children with
disabilities in the schools. For instance, the mean for statement number 1 and
5 were 4.23 and 4.00 respectively which confirms that they welcome such
educational reform initiated by the ECCD & SEN division under Ministry of
Education. Therefore, the result analyses of questionnaires on the participants’
experiences of the SEN program in the school showed that majority of them
were aware of the SEN services in the school. Hence, it can be concluded that the
introduction of inclusive education for child with disabilities in the mainstream
schools can be regarded as effective to deliver equal educational opportunities
for all the children irrespective of their disability.

However, it is clear that most of the participants were skeptical about
statement number 9 as many of them were not sure whether they are fully
equipped with SEN knowledge or not. The varying reasons could be due to
limited professional background to deal with children who need special care
and guidance as professional development programs are limited to very few and
selective teachers due to financial constraints.

2. Analysis of the semi-structured interview for participants’ opinion on (SEN)
program

The data collected from participant’s semi-structured interview was analyzed
by using a coding system (open, axial, and selective) based on the Grounded
Theory of Strauss and Corbin, (1998). Firstly in the open coding, the data from
participants’ semi-structured interview was organized systematically. Then the
data was identified and categorized using axial coding. Finally selective coding
was used to categorize and interpret the data collected from the participants. The
researchers used six following core themes from the participant’s semi-structured
interview as explained below:

Capacity building & professional development
Revamp assessment criteria for (SEN) students
Over-loaded instructional periods for teachers
Role of community and student-parent bound
Lack of job opportunities for (SEN) students
Co-relation of GNH and inclusive education

ok wnE

2.1 Capacity building and professional development
Majority of the participants are of the opinion that skilled manpower should
be given importance in the mainstream schools as it will not compromise the
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quality of education for children with special needs. It was felt that capacity
building and professional development for teachers in the (SEN) program schools
are mandatory for providing effective service. The participants also reflected
that Bhutan do not have fully trained teachers to handle children with special
needs. At the moment, most of the SEN related programs are carried out with
the support received from other countries especially in the field of skilled man
power, financial and other resources. Capacity building is the top most priority
because training of necessary skilled personnel would adequately meet the needs
of students with disabilities. As a result of improved networking and training,
teachers will be in a comfortable position to implement special educational
practices and to promote the establishment of special education ideologies in
the mainstream school setting.

2.2 Revamp assessment criteria for (SEN) students

The participants also claimed that teachers were dissatisfied with the summa-
tive assessments as overall academic achievements at the end are compromised
due to the inclusion of children with disabilities among others. In line with
this, the respondents suggested that children with special needs should either
be in a separate school that can address their problems or train special tutors
to teach them.

2.3 Over-loaded instructional periods for teachers

The respondents argued that teacher are extremely overburdened with teach-
ing periods besides having to handle students with disabilities such as push-in
and pull-out classes. Teachers are also assigned with other school responsibilities
which affects in providing (SEN) services ultimately hampering the learning of
the child who needs extended support.

2.4 Role of community

The participants reflected that the mindset of the community should change
and their attitude should be welcoming so that children living with disabilities
will not feel neglected. With the support from the community, these children has
the ability to feel the worthy of themselves, build self confidence and develop
high self esteem which will ultimately boost their hidden talents. Despite the
fact that children are given optimum care, guidance and assistance by their
parents and teachers, there is a greater role to be played by the community and
society at large. Children living with disability should not be stigmatized with
the notion that they are disabled. Instead community should render helping hand
to get rid of stereotypes and taboos in the world of 21 century.

49



Rabsel: the CERD Educational Journal, Vol. 19, Issue - 1, 2018

2.5 Lack of job opportunities for (SEN) students

Based on the responses made by the participants, Bhutan is currently facing
difficulties to provide accurate job to those disadvantaged children. Moreover
in the present situation, the government is not in a position to provide job for
all the disabled children as they lack the required skill needed in the job market.
Thus, preparing children with adequate skills required in the job market and in
making education more accessible for those disadvantaged children are some of
the challenges that will or is facing as of now. Therefore, the futures of children
who live with disability are bleak despite their little skills learned in the school.
But on the other side, if the disabled child is capable of achieving the required
mandate expected by the government, it will help in the capacity building and
economic development of the country by using the skills and knowledge that
they have gained.

2.6 Co-relation of GNH and inclusive education

According to what the participants has responded, Bhutan being a country
pursuing happiness fulfils one of the mandates by introducing inclusive edu-
cation. The move on the inclusive education by the Ministry of Education has
become a blessing for disabled children. Stepping in towards inclusive educa-
tion is holistic, mankind and our disabled children came to realize that there is
a place for them to be counted as educated. In fact the philosophy of GNH is
prioritizing on happiness of all the citizen of the country and enabled children
with disabilities raise their voice and express their emotions.

Conclusion

This study was aimed to investigate teachers’ opinion on the introduction
of (SEN) Program in the schools and to assess teachers’ field experiences and
knowledge on (SEN) Program in the school. The result of study showed that the
participants were in favor of (SEN) program. They also had some knowledge on
inclusive education and basic ideas to handle children with disabilities.

However, it was also revealed that (SEN) school is facing challenges like
capacity building and professional development, revamping of assessment
criteria for (SEN) students, over-loaded instructional periods for teachers and
lack of job opportunities for (SEN) students. This result supported the findings
of Chhetri (2015), Tharchen (2009), and Feng (2010); who conducted similar
studies on (SEN) program.

To conclude, the convention on the rights of the person with disabilities
(2010) states that all people living with disability are the ones who have disorder
and afflictions which hinders their potential to showcase in the society. Therefore,
to overcome such barriers (SEN) programs in the schools will guarantee them
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to experience the real world without discrimination. It will also scaffold them
in lifelong learning and inspire them to join the society at large without any
hesitation in the world of 21st century.

Recommendations

The special educational needs policy which was drafted in line with the
principles of Educating for GNH, an initiative supported and promoted by the
former Ministry of Education, Thakur S. Powdyel to promote Green Schools
for Green Bhutan, and the Child Friendly School concept MoE (2011) was
acknowledged in this study. However, few recommendations need to be made
with Ministry of Education and civil society in Bhutan.

1. The Education Ministry needs to focus more in creating reliable future
scope and opportunities for those disabled children.

2. Inorder to heighten inclusive education in the country, parents should
be involved to play important role to influence (SEN) students.

3. The study also recommends the Ministry of Education to provide
relevant professional development opportunities for teachers such as
providing exposure training outside of the country and also initiate
exchange programs to infuse good practices in the context of Bhutanese
education system.

4. Finally the study recommends the Ministry of Education to provide job-
oriented educational skills to children with special needs for the security
of their future. Moreover infrastructure facilities for special educational
needs should be provided. The study also recommends MoE to create
awareness to all section of people and children living with disabilities.
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According to Ex-Dzongkha Development Commission’s (DDC) secretary
Dasho Sherab Gyeltshen, in his one of the question answer session with kuensel
reporter states Dzongkha is not difficult, it never was. It’s a new phenomenon
among people where many are finding the language difficult because there is
lack of place and resources to study it. Moreover, English has taken such a strong
hold among us. A Japanese tutor is teaching choekey to 15 students at present.
If a person like him can read and write in choekey, as a Bhutanese it shouldn’t
be difficult at all. For a linguist, Dzongkha is one of the easiest of all languages
and English the most difficult (January 8, 2015)

Dasho Sherab Gyeltshen (2015) also reiterate his voice saying Dzongkha
newspapers have few readers compared to English, as there are less people who
know the language. Dzongkha was never given the priority it deserves. Even
today in schools, Dzongkha subject receives less importance. Of the thousands
of graduates every year, only a handful can read and write Dzongkha well. For
newspapers to promote Dzongkha, we have to produce readers first by changing
policies that would not only encourage but also serve as a platform to learn
Dzongkha. (January 8, 2015)

One of the media surveys in (2011) had found that younger generations in
Bhutan prefer to go English against Dzongkha. And this is fact since English has
been the medium of instruction in schools since modern education system was
introduced in the country. English has been serving its good not only for inter-
community communications but also as proclaimed national language. Many
media reports say, Dzongkha speakers have now turned to Dzonglish speakers —a
connotation copied from India where people call Hinglish for a mixture of Hindi
and English. In Nepal, it is Nepangreji. Dzonglish is bud that will ultimately
grow into English flower. The trend shows, Bhutan’s new generation is moving
to English than Dzongkha. Dragging reverse is not possible. (July 29, 2011)

According to Bhutan News Service (2009) the students of Bhutan have
stated that Dzongkha, their national language is boring, difficult and has less job
opportunities. The responses came surprisingly from the students of Rinchen
Higher Secondary school in November 2009 when they were interviewed by
officials from Dzongkha Development Commission (DDC) on Friday. The
Dzongkha graduates are expected to be jobless, and therefore the students seem
less interested to learn the subject. Interestingly, the students were found to be
studying Dzongkha because it is a main subject which is must for them to get
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through to the next class. The students demanded the subject to be simplified
and made interested.
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