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Abstract

Inquiry-based instruccion (IBI) is widely renowned as one of the best
approaches to teaching school science. Nonecheless, while science teachers in
Ganzania migbt involve in teacbing activities consistent with inquiry, IBl is not
yet recognised as a formal approach to teaching science. Rence, this study
investigated the extent to which IBI is promoted in Ganzanian secondary
science curriculum documents. Addicionally, it proposed suggestions on bow to
adoprt IBI in the context of Ganzania. Using document analysis as a metbod of
inquiry, six syllabi for secondary school science subjects in Ganzania were
analysed to assess the extent to which they support IBI practice. Further,
curriculum documents for secondary school science from South Africa and the
United Staces were also analysed. Gbis was done so as to compare becween
educacion systems that bave recognised IBI as a formal approach to teaching
science with that of Ganzania. Results indicated that wbile teaching methods,
goals and objectives of education support the praccice of IBL, a few aspects such
as the time allocated and resources suggested for accomplishing investigative
learning accivicies are the barriers to practising IBL. By reflecting on these
results and lessons learned from the US and South Africa, the study provides
recommendations such as allocacing enough time for carrying out scientific
investigations, changing teachers’ beliefs, revision of some learning objectives,
and promorting teacher professional development in case Ganzania wishes to
adopcIBI.

Reywords: classroom inquiry: curriculum documents: inquiry-based
instruction: science educacion: scientific inquiry

L Incroduction

Inquiry-based instruccion (IBI) is not new, altbougb in recent years there bas
been an increasing call to implement it in science classrooms (Areepatcamannil,
2012; Cairns & Areepattamannil, 2019; Fang; 2020: Fitzgerald ec al., 2019; Jiang
& (DcComas, 2015: Danz et al.,, 2020: Schramm et al., 2018: Vburumuku, 2011).
Gbe reason for such a call, in part, bas to do with the nature of science icself.
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According to E€delson et al. (1999: 392), science, by its very nature, is a ‘question
driven’ discipline. As such, it is envisioned that students in science classrooms
should be constantly posing questions as well as searcbing for answers. Gbis is
to suggest that, to inquire is at the beart of science learning and pracrice. In
fact, alcthough scientific literacy cannot be achieved by relying on a single
teaching approach, IBI still comes as one of the best approaches in science
educacion (Areepattamannil, 2012: Cairns & Areepattamannil, 2019). Also, while
results from researches on the effect of IBI on students’ achievement bas
produced mixed findings, there is considerable evidence to suggest thac IBI
significantly enbances students’ atctitudes toward science, its enjoyment,
interests, as well as its self-efficacy (Cairns € Areepattamannil, 2019; Ficzgerald
ecal, 2019). Doreover, IBI bas been found to enbance students’ self-regulacion
skills— skills that are not only life-long, but also belp learners in goal-setting as
well as in evaluating their academic strengths and weaknesses (Crujeiras-Pérez
¢ Jimenez-Aleixandre, 2019;: (Doote, 2019). Other advantages of IBI bave
included development of students’ bigber-order thinking skills ((Doote, 2019),
interests and achievement in science (Kang ¢ Keinonen, 2018), motivation for
learning science (Lebesvuori et al, 2018) and enbancement of students’
conceptual understanding (Edelson et al., 1999).

With respect to the practice of IBI, apart from other common barriers—such as
time restrictions, insufficient training, and resources (Capps et al., 2012)—the
main cited cballenge facing the implementacion of IBI is the lack of consensus
onwbat consticuce IBI (Dudu & Vburumuku, 2012a, 2012b; Nadelson ecal., 2013:
Williams ecal., 2019). In other words, there is no common understanding of what
IBI actually is. As a consequence, many teacbers bave opted for the traditional,
teacher-centred metbods of teaching as IBI seems to be very bard to implement
in actual classrooms (Ficzgerald et al., 2019). Indeed, according to Capps et al.
(2012), many teachers confuse IBI with otber student-centred techniques that
do not necessarily expose students to inquiry such as bands-on activities,
problem-based learning (PBL). and learning by doing. Addicionally, teacbers
bave tended to vary considerably on bow they engage in inquiry in science
classrooms (Dudu & Vburumuku, 2012b).

Given that Ganzanian education system aims at developing inquiring minds
among its citizen ((DoEV®, 2005, 2007, 2009a, 2009b, 2009¢, 2009d), IBI in
science classrooms seems an ideal pathway to achieving those aims.
Nonetheless, althougb there bave been intensified efforts and reforms for
adopting more learner-centred approacbes through a competence-based
curriculum (CBC) (Kitta & Gilya, 2010; (Dkimbili et al., 2017), IBI—especially the
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use of more open inquiry—is still a new practice in Ganzania ((Dkimbili ec al.,
2017). In other words, while science teachers may involve in classrooms activities
similar to those involved when engaging in scientific inquiry, it does not mean
they are practising inquiry. Indeed, according to (Do€EVE (2009d: v) teachers are
advised to use more participatory metbods such as ... think-pair-share, group
discussion, library search, stories, question and answer, class activities and
demonstrations.” Dowever, as Capps et al. (2012) bave warned, these methods do
not necessarily reflect IBL. Worse enough, despite many efforts, traditional
methods of teaching bave tended to dominate in many secondary science
classrooms in Ganzania (Kafyulilo ¢ Gilya, 2019: Kinyota ¢ Kavenuke, 2018:
Kitca & Gilya, 2010), due to various reasons, including pressure to cover a science
content (Kinyota & Kavenuke, 2018). Go complicate the matrer, teachers do noc
get enough opportunities of professional development (Anangisye, 2011:
Kinyorta et al., 2019: Komba ¢ Nkumbi, 2008).

Regarding research on IBI, only a few studies ((Dkimbili, et al., 2017) bave
investigated the use of IBI in Ganzania. Also, given that IBI is officially non-
existent in Ganzania, there is a need for Ganzania to learn from other countries
that bave officially adopted IBI as a formal approach to guide the teaching and
learning of science.

L1 Study Purpose and Research Questions

Gbe purpose of this study was to investigate the extent to which curriculum
documents in Ganzania support practising IBI in science classrooms. In
addition, the study intended to provide lessons for Ganzania in case the country
wishes to adopt IBI as an approach to teaching science. Go achieve these ends,
licerature on the subject of IBI was reviewed to establisb an analytic framework.
Furthermore, literature on the subject of policy borrowing and lending was
reviewed to provide a framework of quiding IBI adoprion. Specifically, the study
addressed the following research questions:

(i) Whbact are the main feacures of IBI?

(ii) ®o what extent do science curriculum documents in Ganzania supporc
practising IBI?

(iif) Pow best can IBI be adopted in Ganzania science classrooms?

2. Inquiry-Based Instruction: A Gbeoretical Framework

IBI—or simply inquiry—is widely described as a mecthod of teaching and learning
where students learn school science similar to bow it is practised by professional
scientists (Dudu & Vburumuku, 2012a: Vburumuku, 2011). Rowever, this
definition bas been attacked for not providing tips on bow teacbers should
practice inquiry in science classrooms. As a response, four general types of
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inquiry bave been suggested as one way to address the confusions regarding
wbat constitutes IBI. Fitzgerald et al. (2019: 544) summarise them as:

1. Confirmacion inquiry: students are provided with the question and
procedure, and the resulcs are known in advance:

2. Structured inquiry: students are provided with the question and
procedure, but bave to generate an explanacion supported by the
evidence they bave collecred:

3. Guided inquiry: students are provided with the research question and
they design the procedure to test their question and generate
explanacions: and

4. Open inquiry: students derive questions, design, and carry out
investigations: and communicate their resulcs.

Gbe first two types of inquiry are common in many science classrooms (Capps
et al, 2012), and include learning activities such as struccured laboratory
experiments where students follow teacbers’ quides or manuals to perform
experiments. According to Windschitl (2003), these types of inquiry neitber
represent true inquiry nor are they effective in developing inquiry skills among
students. Furthermore, while the above four types of inquiry represent the level
of inquiry, with open inquiry indicating the largest extend of inquiry, they speak
less about what activities constiture IBL. Gbus, to distinguisb it from other sets
of pedagogies that encourage students to memorise informacion, IBI
empbasises on developing an inquiring mind (Cairns € Areepattamannil, 2019).
In practice, several other scholars (Anderson, 2000; Jiang ¢ (DcComas, 2015:
Cairns ¢ Areepattamannil, 2019) bave defined IBI as a set of learning
opportunities that allow students to involve in metbods and processes used by
practising scientists. Gbis kind of learning—or what Capps et al. (2012: 292) bas
called 'scientific inquiry—is said to be the best approach in introducing students
to the real scientific life. In describing the activities associated with IBI, Cairns
¢ Areepatcamannil (2019: 3) avows that:
..inquiry-based teaching involves generating sicuations where students are
required to observe and question pbenomena, suggest explanacions for the
observations they bave made, design and carry out experiments that provide
evidence that supporc or concradicc bypotbeses, and analyse data and draw
conclusions from data.

In general, IBI requires teacbers to encourage students in generating questions,

designing and carryout investigations, providing alternative explanacions,
communicating resulcs, and doing bands-on activities.
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Also, regarding students’ learning of classroom science as it is practised by
scientists, Dudu and Vburumuku (2012a) argue that scientific inquiry as
practised by professionals is very complex and involves both complex and
expensive apparatus. Gbat is to say, schools rarely bave sufficient resources and
time to engage in such kind of activities. (Doreover, it is also recognised that the
cognitive tasks involved when conducting professional scientific investigations
are more complex than what students can manage in science classrooms (Dudu
¢ Vburumuku, 2012a; Kang & Keinonen, 2018). Nonetheless, while classroom
inquiry cannot reach the exact level of sopbistication of scientific inquiry, it can
be modelled after scientific inquiry to incorporate aspects that can belp
students acquire inquiry skills (Capps ec al.,, 2012).

While the above studies bave focused on broad descriptions of inquiry, there
bave been efforts to break down the definition of inquiry into simple and
observable tasks that teacbers can easily implement in science classrooms
(ibid.). Following this empbasis, inquiry in a science classroom bas been viewed
as a set of classroom activities that actively involve learners as opposed to what
bappens in traditional classroom where teachers dominace the teacbing/
learning process (Vburumuku, 2011). In IBL the role of a teacher is that of a
facilitator. Students are actively involved in developing questions and problems,
doinginvestigations, and finding solutions to those problems (Anderson, 2002).
In that regard, Anderson (ibid.) idencifies practices such as connecting science
lessons to students' real-life experiences, bands-on activities investigations, and
active participation (e.g.. students give opinion about the topic) as activities
that define an inquiry-based classroom.

According o the National Research Council [NRC]—a public policy advisory arm
in the US)—inquiry-based science instruction should be at the beart of all
science teaching and learning; In defining IBL, the NRC (1996: 2) pucs it thus:

When engaging in inquiry, students describe objects and events, ask questions,
construcc explanations, test those explanacions against currenc scientific
knowledge, and communicate their ideas to otbers. Gbey identify their
assumptions, use critical and logical thinking, and consider alternacive
explanacions.

Gbe NRC's conceptions of inquiry seem to suggest considering the goals of
inquiry as a first step. According to Lebesvuori et al. (2018: 1050), inquiry covers
three main domains: ".. learning to do inquiry, learning about inquiry
(conceprual understanding about inquiry), and learning througb inquiry.”
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According to Vburumuku (2011), the more the open-endedness, the greacer the
extent of inquiry. As such, for NRC (1996), IBI is considered to be that
instruction that provides students with opportunities to pose and restructure
questions that are researcbable, design and conduct investigations, do data
manipulacion, as well as sharing results of their investigation. In fact, most of
the advantages of IBI such as promoting students’ scientific reasoning are
atcributed to open inquiry (Dudu ¢ Vburumuku, 2012b: Vburumuku, 2011:
(MDoote, 2019). For that reason, open inquiry is suggested as a practice that
science educacion sbould adopt in Ganzania. Dowever, it is important to note
that, in practice, students will not bave opportunities to engage in open inquiry
all the time. But at least they must be given an opportunity to do so
occasionally: say, once a week. Also, as Dudu and Vburumuku (2012b) bave found
that teacbers tend to vary considerably on their practice of open inquiry in
science classrooms. Ghus, following this review and in response to the planning
of the first research question, the features of IBI of ‘posing researcbable
questions’ 'investigacions’, 'designing investigations’ and ‘communicating
resulcs of investigacions’ will be used as analyric tools to assess the extent to
wbich IBI is promoted in curriculum documents.

3. (Detbods

3.1 Research Design

Gbis study was informed by the embedded case study design, wbich is a type of
case study involving more than one sub-unit of analysis (in, 2003). Generally,
according to Uin (2003) a case study is a research design that seeks to gain an
in-depth understanding of a case being studied. Gbus, in this study, the
embedded cases design was conceptualised using two sub-units of analysis,
namely: curriculum documents, and the three countries from which the
curriculum documents are used. Subsequently, this design informed the choice
of document analysis as a research metbod. Document analysis is a qualitative
research metbod that involves a systematic procedure to evaluate documents
(Bowen, 2009: Wee € Banister, 2016). According to Bowen (2009), data from
documents such as books, journals, manuals, and maps can be examined to elicit
meanings and gain an understanding of a given pbenomenon.

3.2 Selection of Documents and Cases

In answering the research questions, document analysis (Bowen, 2009: Wee €
Banister, 2016) was used as the main metbhod. Gbhere were two sets of
documencts. Gbe first set included literature related vo IBI. For the purpose of
this search, journal data bases such as Google scholar, SAGE, JSGOR, Gaylor
and Francis, and Science direct were used to retrieve journal articles used in this
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study. Gbhese databases provide access to many science education journals thac
bave empirical studies on the topic of IBI. Gbe researcher used key pbrases such
as 'inquiry’, ‘scientific inquiry’, ‘inquiry-based instruccion’, etc. By limiting the
search to peer reviewed articles, each of these searches resulted to more than 137
articles. By first reading abstracts and lacer all sections of the first four articles
(Capps et al,, 2012: Dudu & Vburumuku, 2012a: (Doote, 2019; Schramm et al,
2018), other articles were obtained through snowball sampling technique (Wee
¢ Banister, 2016) using search pbrases such as ‘inquiry-based teaching in
science’, ‘classroom inquiry’ and ‘features of inquiry-based instruccions’. Also, to
get literature from African countries, which are presumably more resembling
with Ganzania in terms of context, a key pbrase ‘inquiry-based instruccion in
Africa [also substituting Africa with Kenya, Uganda, Gbana, Nigeria] was used.
Gbhis search resulted to 21 peer reviewed articles, but only 4 articles—3 in South
Africa and 1 in Ganzania—were closely related to IBI. Given that research and
practice of IBI is common in the United States, the case of the adoption of IBI
in Soutb Africa was also found relevant if Ganzania is to learn from elsewbere.

Gbe United States was automarically purposely chosen because of long-time
empbasis and practice of IBI (NRC, 1996). For the purpose of background
informarcion, ocher articles from other countries were also included. Pbrases
such as ‘effects of inquiry-based instruction/ teacbing/science’,
‘challenges/barriers of implemencing inquiry-based instruction’ were used in a
search that resulted to more than 93 articles. By reading abstracts and
skimming througb, 9 empirical articles were finally selected. For these ones, a
search was limited to empirical journal articles mostly publisbed over the past
ten years (2010-2020) to gec more recent data of the effect and challenges of IBI.
Gbus, the final search resulted to a votal 24 empirical journal aricles on the
subject of IBI. In addition to those, otber 6 articles on broad topics in science
education and general education in Ganzania and elsewbere—3 on research
metbodology, and 4 related to the topic of educacion borrowing and lending (2
articles and 2 book chapters)—were as well selected and used as data source
under the first set of documents.

A second set of documents were curriculum documents from the three
countries: Ganzania, South Africa, and the United States. In the case of
Ganzania, six syllabi of science subjects—both for Ordinary and Advanced
secondary levels—were selected and downloaded from the Ganzania Insticute of
€ducacion (GIE) website (btrpsy/wwwiie. goxz/). Ghese syllabi bave
information such as the aims of education, as well as specific goals of science
education, specific subjects, and class level. In addicion, they guide teacbers and
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students on the teaching and learning strategies and resources to use for each
topic. Gbis informarcion permitted the researcher to investigate the extent to
wbich IBI is promoted by Ganzania secondary education. Gbis investigation
was done using criteria such as ‘planning investigacions’, 'conducting
investigacions’, ‘posing researchable questions’, and ‘communicacion of results’
as listed in the theoretical framework. In the case of South Africa and the United
States curriculum documents were analysed using the same criteria with the
purpose of providing comparacive lessons to Ganzania in case of adoption of
IBL

From the US, the study used the science and technology/ engineering
curriculum framework of the State of (Dassachusetts. Given the decentralised
nacure of the education systems in the US, state curriculum documents offer
more information needed for this study. Rowever, given thac all states are
guided by the same national standards (NRC, 1996), curriculum frameworks
among states do not differ that much. In the case of South Africa, the national
curriculum framework for pbysical sciences was used. All these documents bave
information such as aims and objectives, and recommended teaching stracegies
for science subjects, which permit a comparacive analysis to be conducted. Given
that these documents guide teachers’ day-to-day acrivities, they influence
instructional outputs.

3.3 Analysis of Documents

All documents were subjected to document analysis (Bowen, 2009) where key
terms such as ‘inquiry’, ‘question’, ‘investigation’ ‘experiment’, and ‘pracrical
were used to search for key themes related to IBI. After searching, the researcher
conducted a frequency count to determine the rate of occurrence while reading
wbole paragrapbs. Gbe purpose was to determine the extent to wbich the
documents promoted IBI. Also, all statements of aims and objectives for each
subject were gauged against the criteria of IBI as stipulated in the theoretical
framework. For the case of Ganzania, the term 'inquiry’ was not frequencly used,
wbich could be due to the uncommon use of the term in the educacion discourse
of the country. Gbus, to avoid missing themes that are related to IBI, the
researcher went througb the teaching/learning (/L) activities suggested in the
syllabi to determine if they are consistent wich IBL

3.4 Ethical Issues and Consideration

For ethical reasons, the researcher made sure the ownersbip of the original
data—in this case documents—is acknowledged. Also, given that documents
freely available on the internet for public consumption—such as syllabi—were
not originally designed to answer the present research questions, a criteria or
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analytic tool was established to evaluate the documents to minimise
misinterprecations. Gbe researcher also remained mindful to ensure that, in
case documents bad any barmful identifying information on participants,
anonymization is done. In the present study, no identifying informacion on
participant was reported.

4. Findings

4.11BI in Relation to Curriculum Documents: A Comparative Analysis

4.11 Gbe Ganzanian Case

Views of scholars over the utilization of IBI in Ganzanian education system are of
mixed feelings. For instance, altbough IBI migbt not be fully practised in science
classrooms, there are available strong convictions -- particularly in the analysis
of the syllabi - - indicating some aspects of IBI being advocated. Gbatis to say, one
amongof'the nine aims and objectives of education in Ganzania ("...to develop and
promote self-confidence and an inquiring mind” ((Do€V®, 2009d: iii) advocates
for the promotions of inquiring minds. Nowever, since aims of education tend o
be very broad and unmeasurable, they cannot be used by teachers when making
instructional decisions. INonetheless, they imply thac IBI is very important in
science education since it can serve that role of enbancing students’ inquiry and
self-confidence. Gbhus, analysing the extent of inquiry would require looking into
more measurable aspects such as objectives and suggested teaching strategies.

General Objectives and Geaching Strategies in Science Educacion

Gbe ®Ganzania O-Level pbysics syllabus idencifies the objectives ©o ”
understand procedures of scientific investigation ... (and) ... develop the language
of communicacion in Pbysics” (Do€EV®, 2007: v). Likewise, for A-Level, students
must be able to ".. use the scientific method in designing and carrying ouc
experiments in Pbysics... (and) ... communicate using the language of pbysics”
(MDoEV®E, 2009d: v). Ghese objectives from these two levels of pbysics syllabi were
found to be consistent with IBI because they require students to design and
conduct investigation as well as communicace the resulcs. Dowever, they fall
short on the aspect of encouraging students to ‘pose researchable questions'.
Again, it is bard to tell bow these objectives are translated into teaching and
learning acrivities witbout observing teacbers in practise. Notwithstanding
these shortfalls, the suggested /L were found to be closer to indicating whac
bappens in classrooms. Gbe following extract from the O-level pbysics syllabus
expound this explanation:

Gbe teaching and learning strategies indicate what the students and teacber are
expected to do in the process of teaching and learning. Students are encouraged
©o work in small groups for maximum parcicipatory and cooperative learning.
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Gbe teacher sbhall assume the role of a facilitator to promote, guide and belp
students’ teaching and learning activities. Gbe whole teaching and learning
process sbould be parcicipatory and interactive, where the studenc learns by
doing a series of logical activities ((DoEV®, 2009d: vi).

In addition, when empbasising thac teacbers should use participatory mecbods,
the A-Level chemistry syllabus identifies commonly used methods as “... think-
pair-share, group discussion, library search, stories, question and answer, class
activicies and demonstrations” (IDo€EVG, 2009b: v).

Gbeabove quotes, first, imply that teachers are encouraged to use more learner-
centred metbods: methods that are consistent with IBI. Rowever, although
teachers might bave some level of autonomy in deciding G/L strategies, the
pbysics syllabus explicitly indicates G/L resources and strategies as suggestions
for teachers to use in each unit. It is on this basis the study focused on
examining the extent to wbich the G/L strategies and resources that are
consistent with IBI. Gbrougb computer search, cross-referencing indicated
that the term 'inquiry’ appeared only three times out of 1064 strategies listed
in the O-Level syllabus, while it does not appear anywbere in the &/L activities
suggested in the A-Level syllabus. For instance, the O-Level syllabus explicitly
states that "... the teachber through inquiry deductive to guide students to
deduce the equivalent resistance for both parallel and series connections”
(MoEVG, 2007: 39). Nonetheless, the time allocation and the G/L resources,
“circuit diagrams” (p. 39), would suggest that the same syllabus makes it bard
for teachers and students to engage in IBI. Also, an analysis of specific objectives
and the G/L strategies and resources througbhout the pbysics syllabus seem to
be suggesting more overempbasis on the coverage of content goals than process
goals, such as inquiry. (Doreover, while teacbers are encouraged to do several
experiments over the course of six years of secondary educacion, many schools
might lack the resources required to perform such experiments.

Gbe same pacrern is repeated across other subjects (see Gable 1), where analysis
indicated that althougbh some learning objectives are consistent with IBL there
seem to be an overall overempbasis on content goals than process goals (such
as investigations and sharing resulcs of investigacions). For instance, in the A-
Level cbemistry syllabus, the term ‘inquiry’ does not appear ac all in the
suggested /L stracegies. Also, this syllabus indicates thac students will
conduct several experiments. Dowever, in actual practice these experiments
tend to be more structured, with students following the steps provided by
teachers and/or a quiding manual ((Dkimbili ec al., 2017).
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Gable 1: Example of Objectives

A-Level pbysics A-Level Biology A-Level Chemistry O-Level Biology
design and develop entrepreneurship ~ communicace well to record, analyse and
perform skills in biological using chemical interprec data from
experiments in communication, creativicy =~ symbols, formulae, scientific
mecbanics, and problem solving and equations as  investigations using
beac, vibracion communicate effectively well as the appropriacte mecthods
and waves and using appropriate biological language of and technology to
electrostarics. terminologies. instruccion generate relevanc
design and information in
construct develop the abilicy and desire biological science (p.v)
simple for self-study, self-confidence General objectives as
technological —and self-advancementin apply sciencific skills
appliances. biological sciences and related and procedures in
fields: interpreting various

promote love for work, self biological daca
and wage employment, self-

reliant and improved

performance in the

production and service

sectors through applicacion

of biological skills and

biological sciencific

technoloqy

Source: Excracted from MoEVE (2005, 2009a, 2009b, 2009d)

Furthermore, in continued efforts to assess the practicabilicy of IBI in actual
classrooms, the focus was then turned to analysing the suggested modalities of
assessmenc in the syllabi. Gbhese suggested assessment modalicies (Gables 2 ¢ 3)
permitred an investigation of factors such as time allocation, instructional
priorities, as well as students’ expectacions. Across all science subjects, a general
patcern indicates an overempbasis on standardised examinacions as opposed to
assessment activities that are consistent with IBL

Gable 2: Guide for Assessment in A-Level Biology

Gypes of Frequency Weigh Gota
Assessments  Assessment FormV Form VI (%) L(%)
measure
Germ1 Germ Germ Germ
2 1 2
Conzinuous Gests 2 2 2 - 10
assessmenc Pracrical tests 2 2 2 — 10
Research projects — 1 — - 5
Individual 2 2 2 — 5
assignments
Field work 1 1 — — 5
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Germ exam — — — 1 15
Final exam Nacional exam — — — 1 50 50
Gotal Marks 100

Source: Dodified from Do€EVE (2009a: viii)

For instance, A-Level students are assessed using paper-pencil tests by 75%
(national examinacion, terminal examinations, and tests), while only 10% and 5%
of assessment weigbt is allocated to pracrical and research projects. In that
regard, it implies that regardless of whetber practical and research projects
embody the features of IBI, overall, there is less empbasis on assessment of G/L
activities that are consistent wich IBL.

Gable 3: Guide for Assessment in A-Level Physics

Gypes of Assessment (Deasure Frequency Weight
(v)
Assessments TormV Form VI (%)
Germ Germ Germ Germ
1 2 1 2
Concinuous Practical 2 2 2 — 10
assessmenc Gests 2 2 2 - 10
Individual 2 2 2 - 5
assignmentcs
Porcfolios 1 1 1 - 5
Research project - - 1 - 5
€Examinacions Germinal 1 1 1 - 15
examinations
Nartional examination — — — 1 50

Source: Modified from Do€EVE (2009a: viii)

While less empbasis on assessing activities that are consistenc with inquiry does
not probibit teachers from implemencing IBI, it may alter their priorities by
pressuring them to cover the syllabi contents. In other words, instead of
focusing on practising IBL teachers and students might be forced to focus on
the preparations of examinations.

4.1.2 Gbe Uniced States Case

Gbe 2016 science and tecbnology/ engineering curriculum framework for the
State of (Dassachusetts was used for this analysis. Gbis curriculum framework
provides information such as the goals, suggested instructional stracegies, and
competences of science and technology/engineering from kindergarcen througb
the 127 grade. In addicion, the framework bas appendices that bave step-by-
step guidance for bow teachers sbould teach different subjects. Gbe framework
recognises five subjects—earth science, biology, chemistry, introductory pbysics,
and technology/engineering—making it suitable for a comparative analysis.
Gbhis analysis was limited to information covering grades 8 througb 12 to match
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the equivalent of secondary school level in Ganzania. Just as with the Ganzanian
case, listed competences and statements of intent were extracted to investigate
the extent to which they promote IBL Sucbhb an extraction, the researcher
believed, would belp readers make an informed comparacive analysis.

Gbe framework of the (Dassachusetts Department of €lementary and
Secondary €ducation ((DDESE, 2016: 97) explicicly idencifies "eight essencial
science and engineering’ classroom pracrices:

Asking questions (for science) and defining problems (for engineering).
Developing and using models.

Planning and carrying out investigacions.

Analysing and interpreting daca.

Using matbemartics and computational thinking.

Constructing explanations (for science) and designing solutions (for
engineering).

€ngaging in argumenc from evidence.

8. Obraining, evaluating, and communicacing informacion.

Uk w N

N

In addition, inside the framework document, the pbrase ‘inquiry’ appears 53
times. Furthermore, IBl is officially identified as the formal teaching strategy in
science, engineering, and tecbnology. At the same time, IBI is well-defined inside
the document with enough guidance provided to teacbers on bow to implement
ic for different topics. Gbe framework ((DDESE, 2016: 66-67) also lists the
following competences:

(@) Define a design problem that involves the development of a process or
system with interacting components and criteria and constraints that
may include social, technical, and/or environmental consideracions.

(b) Develop and/or use a model (including machematical and
computacional) to generate data to support explanacions, predict
pbenomena, analyse systems, and/or solve problems.

() Plan and conduct an investigation, including deciding on the types,
amount, and accuracy of data needed to produce reliable measuremencs,
and consider limitacions on the precision of the data.

(d) Apply concepts of statistics and probability (including determining
function fits to data, slope, intercept, and correlation coefficient for
linear fics) to scientific questions and engineering problems, using digical
tools when feasible.

(e) Use simple limit cases to test matbemarical expressions, computer
programs, algorithms, or simulations of a process or system to see if a
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model ‘'makes sense’ by comparing the outcomes with wbac is known
about the real world.

() Apply scientific reasoning, theory, and/or models o link evidence to the
claims and assess the extent to which the reasoning and daca support
the explanation or conclusion.

(3) Respectfully provide and/or receive critiques on scientific arguments by
probing reasoning and evidence and challenging ideas and conclusions,
and determining what additional information is required to solve
contradictions.

(b) Evaluate the validity and reliability of and/or synthesize mulciple claims,
methods, and/or designs that appear in scientific and technical texts or
media, verifying the data when possible.

While it is not easy to reveal wbhat real bappens in actual teaching pracrices, in
general the practices and competences identified in this curriculum framework
are consistent with IBI, when judged against the criteria of ‘posing researchable
questions’,  ‘planning  investigations’, 'designing  investigations’ and
‘communicating the results of investigation'. For instance, each competence
listed above bas an embodiment of at least one of these features of IBL. Dowever,
regarding assessment activities, the framework does not bave detailed
information about bow subjects should be assessed.

4.1.3 Gbe South African Case

As a recent adoprer of IBI, the Republic of South Africa (RSA) represents a
relevant and interesting case for the future of IBIL. Along with the National
Curriculum Statement (NCS), in 2006, the RSA introduced a new pbysical science
curriculum. Gbe new curriculum empbasises on ‘science through inquiry (Dudu e
Vburumuku, 2012b: 581) as an approach that sbould guide the teaching and
learning of pbysical sciences. Since then, the school curriculum in the RSA bas
undergone several reforms that aim to shifc teaching and learning of science from
transmission modes to more ‘inquiry-based teaching’ (Erduran & (Dsimanga,
2014: Lebesvuori et al., 2018: 1049). For instance, according to Lebesvuori et al.
(2018), IBI bas been integraced in pre-service teacher education programs. Ghey
furtber argue that, another achievement of the IBI curriculum is the allocation
of about 40% of the time for continuous assessment on practical investigations.
Additionally, as per this curriculum, students sbould be assessed twice on
practical investigacions, one for each subject (chemistry and pbysics). Praccical
investigacions, the curriculum recommends, should be designed in such a way
that students are ... assessed on their use of scientific inquiry skills, like planning;
observingand gatheringinformation, comprebending, synthesising, generalising,
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bypothesising and communicating results and conclusions” (RSADo€, 2008: 144).
Consequently, there bas been a significant change in teachers’ practices of IBI
(Dudu & Vburumuku, 2012b; Lebesvuori ec al,, 2018).

Gbe learning program guideline analysed pbysical sciences (grades 10 through
12) of the new curriculum the same way other documents were done. When
defining pbysical science, the guideline stresses that pbysical science will be
taugbt "... througb scientific inquiry, applicacion of scientific models, theories,
and laws in order to explain and predict events in the pbysical environment’
(RSADoE, 2008: 3). It states the purpose of the pbysical sciences as:

..to make learners aware of their environment and to equip learners wich
investigaring skills relacing to pbysical and chemical phenomena, for example,
lightning and solubility. Examples of some of the skills that are relevanc for the
study of Physical Sciences are classifying, communicacing, measuring, designing
an investigacion, drawing and evaluacing conclusions, formulating models,
bypotbesising, identifying and controlling variables, inferring, observing and
comparing, interpreting, predicting, problem-solving and reflective skills” (ibid: 2)

Along with the purpose of the pbysical sciences, the curriculum identifies
imporcant skills as follows: (1) plan investigations: (2) conduct investigacions:
(3) interprer data and draw conclusions (4) solve problems: and (5) communicate
and present informacion and scientific argquments. Altbougb inquiry is
mentioned only five times, there is an overall empbasis on IBI (see Gable 4).

Gable 4: Suggested Weightings for Assessmencin RSA

Grades FormalSchool-based Assessment €nd-of-year
€xaminations

R-3 100% n/a

4-6 75% 25%

7-9 40% 60%

10and 11 25% including midyear examinacion 75%

12 25% including midyear and wrial €xternal examinacion
gxaminacion 75%

Source: Dodified from RSADOE (2008: 144)

Dowever, in ascending order of grade levels, the curriculum seem to
overempbasise on standardised examinations as shown in Gable 4. Gbis pattern
corresponds to that in Ganzania. Gbe only difference is that the new pbysical
science curriculum in the RSA stresses that assessment activities sbould focus
more on bigher-order thinking skills, especially for grades 10 througb 12
(equivalent to bigb school in Ganzania).
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Gable 5: Recommended weighting by cognicive levels for grade 10-12.

Cognitive Description Paper1  Paper2
Levels (Pbysics) (Chemistry)
1 Remembering 15% 15%
2 Underscanding 35% 40%
3 Applying; analysing 40% 35%
4 €valuating; creating ~ 10% 10%

Source: Dodified from RSADOE (2008: 144)

Overall, the new pbysical sciences curriculum in the RSA, as compared to the
Ganzanian curriculum, is more consistent to the features of IBI sucb as ‘posing
researcbable questions’, ‘planning investigations’, 'designing investigacions'’
and ‘communicating the resulcs of investigacion'.

4.2 A Guiding Framework for IBI Adoption

As stated earlier, the purpose of this study was not to advance and propose a
blueprint for adopting IBI in Ganzanian science classrooms. Rather, it intends to
stimulace the debate on the best practice of teaching and learning science. Gbus,
the study tries to suggest a framework for quiding Ganzania in case the adoption
of IBI as an approach to teaching and learning of science avails. Ghe good news is
that science teachers in Ganzania can build on existing teaching pracrices such as
those stressed in the competence-based curriculum to implement classroom
inquiry. Gbus, the adoption of context-specific aspects is recommended. Indeed,
because of inevitable contextual differences, scholarship in comparative education
warns that borrowed models may not necessarily work in other contexts as in the
original contexts (Booth, 2006: Phillips, 2004: Steiner-Kbamsi, 2006). According to
Steiner-Kbamsi (2006), such models must be carefully adapred to match the new
contexts.

4.2.1 Policy Borrowing and Lending: A Guiding Framework

Gbe education policy adoption framework by David Phillips (2004) bas been
extensively used to guide adoprion of several policies and practices in education
(Steiner-Kbamsi, 2006). (Doreover, althougb globalizacion bas resulted to a fast
diffusion of education practices across national boundaries, countries still
involve in deliberate efforts to learn from each other (Arnove, 2007). Gbus, as per
Phillips’s (2004) proposed framework, policy borrowing in educacion follows
four stages in a circular form: cross-national atcraction, decision making,
implementation, and domesticacion.
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Gbe first stage of '‘cross-nacional atcraction, describes bow countries are
actracted to borrow and/or lend educational practices. During this stage,
factors such as regime change, systemic collapse, negative external evaluation,
and internal dissatisfaction may spark cross-national borrowing/lending. Some
of the things that may be of interest for borrowing/lending include things like
the guiding pbilosopby. goals, strategies and/or techniques, processes and
‘enabling struccures’ (ibid: 58).

Gbe second stage is the decision-making stage. Nere the decision may be
‘theorerical’ (assumprions that certain ideas/practices will work in the bome
contexts), or ‘practical’ (analysis of the bome context bas been carefully made
and implementacion proved to be possible), and what the author bas described
as a 'quick fix' meaning that the idea/practice may not be compacible with the
new context, but must be implemented to meet internal criticism or please
some influencial actors sucbh as donors (ibid: 58).

Implementation constitutes the third stage, involving efforts to adapt a
borrowed idea/pracrice to the new context where the extent of compartibility, in
terms of context, will largely affect the speed of implementacion. According to
Phillips (2004), the speed can also be affected by resistance or support from
implementers. Generally, adapting the new idea/practice to a new context is a
key for successful implementation.

Gbe last stage involves making a borrowed idea/practice parc of the new system.
Different terms bave been used to refer to this process, for example,
'internalizacion’ (Phillips, 2004: 59) and ‘indigenization’ (Steiner-Kbamsi, 2000:
162). Also, during this stage evaluacion is made to assess the impact of a
borrowed idea/practice on existing structures and the overall performance in
relacion to existing systems. Resulcs of evaluation may lead to another ‘cross-
national attraction’, repeating the cycle repeacedly (see Fig.1).
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Figure 1: Four Stages of Policy Borrowing and Lending

Gbis study situates IBI in a science educacion within the large context of
educacional transfer/ borrowing. As shown in Fig. 1, reflection on the process of
policy borrowing can guide Ganzania policymakers and curriculum developers
in adopting some aspects of IBI as discussed in the previous sections.
Specifically, lessons from the RSA and the US provide the foundations for
constructing curriculum macerials that promote IBIL.

5. Discussion

Worldwide, the story of IBl is characterised by many faces both of successes and
chballenges. So, even Ganzania ought to expect some limitation in the
implementacion of IBI if it is to be adopted. (Dany would expect the situation in
the US to be ideal. RDowever, even in the US, considered as the champion of 1BI
(NRC, 1996). teachers are still struggling on bow to implement IBI (Capps etal.,
2012). For example, as Capps et al. (ibid.) argued, teachers in the US perceived
bigh-stakes testing, time constraincs, [ack of enougb professional development
opportunities, and the lack of common consensus on wbat consticutes IBI as
main barriers of implementation. Likewise, science teacbers in South Africa are
sdill facing similar challenges (Dudu €& Vburumuku, 2012b: Lebesvuori et al.,
2018). Gbat is to say, despite deliberare efforts to implement IBI, science
teachers in these countries are still perceiving the barriers perceived by
Ganzanian science teachers as they implement more learner-centred metbods.

20 JEHS, Volume 9 Number 1, 2020



Reinvigorating Inquiry-Based Instruction in Science Classrooms in Tanzania /

Nonetbeless, document analysis bas indicated that the two countries bave
formally recognised IBI as an approach to teaching science while Ganzania bas
not. As Capps ecal. (2012) warned, many teachers confuse IBI with other student-
centred techniques that do not necessarily expose students to scientific inquiry.
Gbus, the use of learner-centred approaches in science classrooms in Ganzania do
not necessarily lead to the development of inquiry skills. Go capitalise from the
advantages of IBI -- such as enbancement of students interests and self-

of science (Cairns € Areepattamannil, 2019; Fitzgerald et al., 2019), conceprual
understanding of science concepts (Edelson et al., 1999), promorting scientific
reasoning (Fang; 2020:; Fitzgerald et al, 2019;: (Danz et al., 2020) and development
of self-regulacion skills (Crujeiras-Pérez ¢ Jiménez-Aleixandre, 2019: (Doote, 2019)
-- itis a practice that Ganzania should think of emulating. In addition, given that
IBI embodies the principles of real scientists, students will be properly groomed
as fucrure scientists by engaging in it. Apart from policy borrowing and lending
framework (Phillips, 2004), and the IBI frameworks presented above as guide, the
following additional tips ougbt to be taken into consideration if Ganzania wisbhes
to adoptIBI as an approach to &/L science.

1 Lifting-up barriers by creating enabling structures: Lessons from the
implementacion of IBI identify major barriers such as time restrictions,
insufficient training; and resources (Capps et al., 2012). (Dore serious, the main
cballenge facing the implementacion of IBI is the lack of consensus on what
consticute IBI (Dudu & Vburumuku, 2012a, 2012b; Nadelson ec al, 2013:
Williams et al., 2019). Gbus, to succeed in the adoption of IBL these barriers
must be addressed. For instance, to address the question of time restrictions,
the new curriculum in the RSA allocated specific time (40% of continuous
assessment activities) for practical investigations. Overall, it is important to
understand teachers’ decisions within the wider implementation context.

2. Working on teacher beliefs: One of the serious barriers bas to do with teacber
beliefs (Dudu & Vburumuku, 2012b: Rutcbins & Friedrichsen, 2012). (Dore
revealing, teachers’ beliefs tend to be persistent and resistant to change. Given
that science teachers are, for a long time, used to the transmission model of
teaching (Kinyota ¢ Kavenuke, 2018), the adoption of IBI will demand serious
considerations in unpacking teacher beliefs.

3. Setting educational intents that are consistent with IBI: Document analysis
bas shown that countries that adopted IBI started by revising the objectives of
science educacion. Given that curriculum documents in Ganzania, as documentc
review bas indicated, overempbasise on content coverage, the adoption of IBI
will surely call for revising the objective of science education into more process-
oriented ones.

4. Focus on Geacher professional development: 1Bl is a complex approach thac
demand teachbers to bave a set of key skills to implement it (Capps et al., 2012;
Dudu & Vburumuku, 2012b). Given that teacbers in Ganzania, including science
teachers, rarely engage in professional development (Kinyota et al., 2019; Kicta
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& Gilya, 2010), the adoption of IBI will require science teacbers to engage in
short-term on-job training and ongoing professional development that will
equip them with attitudes and skills necessary to implemencing IBI. In addition,
IBI shbould be integrated in science teacher educacion programs as in the case of
the RSA and the USA.

5. Reconsider the way practical experiments are carried out: One of the
cballenges facing the IBI implementation of the way scientific experiments are
conducted. Itis noted that in Ganzania most experiments are conducted in such
a way that students follow the provided step-by-step procedures to test an
existing theory ((Dkimbili et al, 2017). Gbis practice, according to several
scholars (e.g., Dudu & Vburumuku, 2012a, 2012b: Lebesvuori ec al., 2018), does
not support IBI. Instead, students should be given opportunities to design and
conduct their own investigations during scientific experiments.

6. Conclusions

Go conclude, the study bas established that IBI can be practised in science
classrooms in Ganzania. Dowever, cballenges such as time and resources
allocated for investigarive learning activities, and teacber beliefs will bave to be
considered in case Ganzania wisbes to adopt IBIL. Rowever, it is important to
note that the adoption of IBI does not necessarily demand an overbaul of the
existing education system. Ratber, it calls for experts and teacbers to carefully
select aspects of IBI that can be integrated into existing approaches to science
teachingand learning. In other words, adoption could involve only a few missing
aspects of IBI in the existing science curriculum in Ganzania.

7. Limications

One of the major limitations worth mentioning is the reliance on documents.
As aresulr, it is bard to make several claims. For instance, observing teachers’
classrooms would bave provided more information regarding teachers’ practice
of inquiry across all cases. Additionally, relying on documents only makes tbis
analysis ©o miss important contextual realities surrounding the
implementation of IBI in the three countries. Gherefore, more studies are
needed to investigate bow science teacbers in Ganzania implementsome aspects
of open inquiry. So far, one study ((Dkimbili et al., 2017) that bas done so bas
revealed that teachers rarely practice IBI in science classrooms. Another
limitacion relates to comparing of education systems thac differ, for instance,
in terms of educacion centralization, curriculum organizacion, and resource
contexts. Gbus, contextual differences should be carefully considered if IBI is to
be adopted in Ganzania.
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