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ABSTRACT

This research explores the conceptual change of inquiry-based teaching and the teaching quality
of 12 Thai elementary science teachers who participated in a teacher professional development program.
We developed the teacher professional development program focusing on helping teachers understand
how to teach science using inquiry-based methods. The 12 volunteer Thai elementary science teachers
were asked to participate in the program which consisted of 15 activities based on the five essential
features of inquiry teaching. Each activity had a specific objective, the teachers were trained by doing
activities designed by considering the five essential features of inquiry teaching. The teachers
‘conceptions of inquiry-based teaching were investigated at the beginning and finishing of the workshop
by 18 open-ended questions on teaching scenarios developed by researchers. Besides, their lesson plans
and teaching video clips were also determined with the Science Teacher Inquiry Rubric (STIR) to
indicate teaching quality and level of inquiry. From the results, we found that teachers’ conceptions of

inquiry-based teaching were significantly correlated to their teaching quality.
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Introduction

From the previous studies, inquiry-based teaching is an important method that supports learning
and teaching science [1, 2]. In Thailand, inquiry-based teaching is promoted by the Institute for the
Promotion of Teaching Science and Technology (IPST) [3] widely. Inquiry-based teaching is the method
formed by constructivism theory, in which students are required to search, explore, investigate, and
research through different methods until they can understand and perceive that knowledge in a way that
they can store in the long-term brain. Inquiry-based learning can be applied in daily life [4], the previous
studies [6, 6] mentioned that inquiry generated by the student's experience and was a key strategy in
teaching science. According to the previous studies, the five essential features of inquiry were identified
by the National Science Education Standards for Science Education [7], as followings: (1) Learner
engages in a scientifically oriented question (2) Learner gives priority to evidence in responding to
questions (3) Learner formulates explanations from evidence (4) Learner connects explanation to
scientific knowledge (5) Learner communicates and justifies explanations, participation in asking
questions, gathering, and analyzing information generated from the survey, creating an explanation and
review of concepts, and communicating the results. Besides, the four levels of inquiry-based teaching
were classified by the Institute for the Promotion of Teaching Science and Technology (IPST) [8] which
correspond to [9] and [10] as follows: confirmed inquiry, structured inquiry, guided inquiry, and open
inquiry. Each level of inquiry-based teaching can represent the roles of both teachers and students in a
class, it reflects how suitable teachers design teaching activities and facilitate students to understand
scientific concepts. For inquiry-based teaching, teachers have to realize that students have different
readiness and abilities [11]. To enhance students to learn science effectively and have positive attitudes
towards science, the learning activities should be designed by determining the levels and five essential
features of inquiry-based teaching [12].

The previous studies indicated that most science teachers tend to teach in the way that they
think, which did not have the clarity of inquiry-based teaching and learning [13, 14]. Although the
essential features and levels of inquiry-based teaching have been widely used as a framework to help
teachers understand and enact inquiry-based instruction in science classrooms [12, 15], the previous
study reported that teachers have different conceptions about the meaning of inquiry; for example,
teachers may believe that they practice inquiry by asking questions and then pointing the way to answers,
teachers may feel that the practice of inquiry is accomplished by having students answer long, open-
ended questions [16]. Therefore, indicating a common misunderstanding about inquiry-based teaching
needs to be addressed [17]. The previous studies revealed that a few teachers understood what inquiry-
based teaching was, and many science teachers lacked experience and pedagogical knowledge of inquiry-
based teaching [18, 19]. They tend to organize laboratory experiments for their students in a format
reflecting the experimental steps; the fact that their students may already know the answers or results of
the experiment may adversely affect the effectiveness of inquiry-based teaching. In Thailand, many
problems arise from teachers who teach science by lecturing mainly, rather than allowing students to

practice science process skills [20], teachers’ designing learning activities did not encourage learners to
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think critically [21]. In addition, teachers’ content knowledge affects what teachers teach and how they
teach directly which represented the teaching quality of each teacher [22, 23]. For a primary school
level, elementary school teachers are required to have basic scientific knowledge and skills [24] to foster
children’s curiosity, encourage them to explore their surroundings, and develop their knowledge that is
useful for everyday life [25]. Teachers play an important role in teaching and develop students’ attitudes
toward science learning [26] by considering the knowledge of the nature of science [27].

A Professional Development Program (PD) may be one of a suitable process used to rapidly
change teachers’ conceptions especially scientific and teaching conceptions. Most teacher professional
programs were designed in order to develop knowledge and teaching ability [27]. The programs should
meet different needs such as content knowledge, scientific knowledge, and teaching content knowledge
[7]. The common core elements of a high-quality and effective program: (1) Focus on a specific topic;
(2) An opportunity to experience hands-on activities through active learning; (3) Clear integration into
the school curriculum and classroom practice; (4) A sufficient period of time; and (5) Participation [28,
29]. Khvilon and Patru [30] emphasize that the scientific experience presented in an informal
environment not only fosters the professional development of teachers in content knowledge, but also
provides access to resources. It also shows that such programs increase the efficiency of knowledge,
improve scientific content, develop teachers’ ability to connect natural science content with formal
guidance, and assist in recommending resources for the classroom [31, 32]. For Thailand, a PD Program
is the effective method used to develop several skills of Thai science teachers such as critical thinking
and problem-solving skills [33, 34], understanding of the nature of science [35], pedagogical reasoning
skills [36] and inquiry-based teaching [37, 38]. Particularly of inquiry-based teaching, the previous study
recommends that Thai elementary science teacher may need a PD Program to develop their conceptions
of inquiry-based teaching [39], therefore, this currents study aims to presents the effects of a teacher
development program on science teachers’ conceptions of inquiry-based teaching and teaching quality.

From the literature reviews, teachers’ conceptions of inquiry-based teaching are necessary to
be corrected and trained to use in a suitable way. A PD Program designed by determining by the levels
and essential features of inquiry-based teaching may encourage teachers to have better conceptions of
inquiry-based teaching and teaching quality, respectively. The research questions this study addresses
are: (1) how do teacher professional development programs affect teachers’ conceptions of inquiry-based
teaching? (2) how do a teacher professional development programs affect teachers’ teaching quality?

The purposes of this study are to explore effects of a teacher development program on Thai

elementary school science teachers’ conceptions of inquiry-based teaching and teaching quality.
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Methods
Participants

Participants consisted of 12 in-service Thai elementary school science teachers (40% female
and 60% male) who were under the Chiang Mai Primary Education Service Area Office 1, Academic
Year 2020. The teachers were selected by purposive sampling according to convenience, they were
contacted via phone call to solicit the participation in the workshops on inquiry-based teaching
professional development program. They voluntarily responded to the call to complete the online
questionnaires about their conceptions of inquiry-based-teaching and participate the professional
development program during January 2021. Besides, they were asked to use the lesson plans they
designed in the workshop by determining the levels and essential features of inquiry-based teaching in
their classes, their teaching video clip and the lesson plans were analyzed for indicating their teaching

quality.

Data collection

A mixed method design was used for collecting data of this study. The inquiry-based teaching
professional development program used in this study was developed by considering the misconceptions
of inquiry-based teaching which was case study research of Thailand [39], there were 15 activities
validated by a focus group method of 13 experts in science teaching of Thailand. The consistency of
objectives, content accuracy and consistency of inquiry-based teaching concepts were determined and
discussed. The final version of the professional development program was trialed with two non-
participants elementary school science teachers for a pilot study to determine the suitability of contents,
the sequence of activities, time for activities organization, media, equipment, and obstacles that may
arise during the training of the professional development program. All information and suggestions
obtained from the steps mentioned above were used to improve and correct the activities. The examples

of the activities are shown in Table 1.

Table 1 The examples of activities used in the inquiry-based teaching professional development program
The essential
Item Activity
features of inquiry
1. Paper shoot  The participants are asked to write their answers to the
questions as shown in followings.
1. What is the first feeling when an invitation
letter/command is received?
2. When I came into the training room, what was the first ~ Learner engages in
feeling? a scientifically
3. What to expect in today's training session oriented questions

Then, throw them away, keep the paper randomly, read the

answer and share with other participants.
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Table 1 (cont.) The examples of activities used in the inquiry-based teaching professional development program
The essential
Item Activity L
features of inquiry
2. Which one? The participants are asked to answer the question about
teachers’ behaviors, how they can categorized characteristics

of learning style of 5 students.

3. Three The participants are asked to represent 3 words for inquiry-
words based teaching
4. Group The participants were divided into groups and encouraged Learner gives
Learning to play a role as students and teachers according to each priority to evidence
Activities teaching scenario. in responding to
Scenario 1: Onions and Coriander (Confirmation inquiry) questions

Scenario 2: Acid or Base (Structure inquiry)

Scenario 3: Plasticine Bridge (Guided inquiry) Learner formulates
Scenario 4 PM 2.5 (Open inquiry) explanations from
After that, they were asked to analyse and discuss the roles  evidence

of teachers and students in each teaching scenario, they

were asked to answer which teaching scenario is suitable

for their class and described the reasons.

The questionnaire used to explore teachers’ conceptions of inquiry-based teaching in this study
were developed by the researchers consists of 18 open-ended questions designed with consideration of
the essential features and levels of inquiry-based teaching [7, 40], as described in Table 2. The index
of item objective congruence (IOC) and content validity of the questionnaires were between 0.67 and
1.0, determined by five experts in science teaching, which is higher than 0.5. The questionnaires were
trialed for a pilot study with 174 non-sample groups of science teachers to determine discrimination,
which was in the range between 0.78 and 0.8. The reliability of the questionnaires, determined using
Cronbach’s alpha, was 0.82. All teachers were asked to complete the questionnaire before and after

participating the professional development program.

Table 2 Items used for measuring teachers’ conceptions of inquiry-based teaching classified by levels
of inquiry and five essential features of inquiry-based teaching.

L. Items from questionnaires mentioning  Items that lack some essential
Levels of inquiry-based

all five essential features of features of inquiry-based
teaching
inquiry-based teaching teaching
Open inquiry 10, 11 5 (none of the 3" feature)
17 (none of the 5™ feature)
Guided inquiry 7,12 1 (none of the 4™ feature)

3 (none of the 4" feature)
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Table 2 (cont.) Items used for measuring teachers’ conceptions of inquiry-based teaching classified by
levels of inquiry and five essential features of inquiry-based teaching.

. Items from questionnaires mentioning  Items that lack some essential
Levels of inquiry-based

all five essential features of features of inquiry-based
teaching L .
inquiry-based teaching teaching
Structured inquiry 2,4 8 (none of the 5™ feature)
14 (none of the 1* feature)
15 (none of the 2™ feature)
Confirmation inquiry 9,13 6 (none of the 1% feature)

16 (none of the 3™ feature)

18 (none of the 2™ feature)

All teachers were asked to send the lesson plan used in the class via e-mail before participating
in the professional development program, during, they were trained and asked to design the lesson plan
based on inquiry-based teaching, during the professional development program. Then all lesson plans
would be considered and suggested by the researchers to improve the activities in order to be a higher
level of inquiry-based teaching for a final version, the 3 version of lesson plans, before, during and after
the workshop, were considered levels of inquiry-based teaching. Lastly, the teachers were asked to use
the final lesson plan in their class, the teaching video clips were recorded and sent to the researchers

for considering teaching quality.

Data analysis

Approaching teachers’ conceptions of inquiry-based teaching, their responses to the
questionnaires were categorized into groups, using the criteria applied from the previous study [41],
with a consensus of three researchers using the following labels and scores: understanding (2 points) —
the responses identifying whether teaching scenarios in the questionnaires are inquiry-based teaching or
not are correct and using a correct reason based on the essential features of inquiry-based teaching;
partial understanding (1 point) - the responses identifying whether teaching scenarios in the
questionnaires are inquiry-based teaching or not are correct, but reasons supporting their responses are
not related; incorrect understanding or no answers (0 point) — responses that fail to identify whether
teaching scenarios in the questionnaires are inquiry-based teaching or not; no answers/responses. An
example of response analysis is shown in Figure 1. The teaching scenario of item 3 mentions a teacher
who has started teaching on the topic of plant characteristics by asking students “Are there any
characteristics of the trees in the garden in our school that are the same or different? Can you group the
trees into groups, and how?” Then the teacher assigns students to survey the trees in the garden in
groups, for 20 minutes with the necessary exploration equipment. The teacher let students design their
note-taking and draw a picture representing the characteristics of each tree that they explore. Then, the
teacher asks students in each group to present their data and answers to the question that he/she had

asked before starting the survey activity, in front of the class. As shown in Table 2, this teaching scenario
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is classified as “Guided inquiry level”, but the 4th feature (evaluate explanations in light of alternative
explanations) does not appear. Therefore, the A and B responses shown in Figure 1 are classified as
partial understanding (1 point). And the C response is classified as incorrect understanding or no answers
(0 point). The percentage of participants classified into each group of understanding is represented
according to each item and the levels of inquiry-based teaching, respectively. The pre- and post- scores

of conceptual understandings were compared by using t-test method to represent a significant of statistic.

Thai version

%8 3 ngt‘éuﬁanﬁun”ﬁﬁuuﬁfém snvazvais lasmsmud “inGoudad duline 9 luuStmaiundanvaslsaou fanmlafiniaunsa
uansoiu ddasmsdanguduliludnudundasyaslsiGou inGouazdanguatngls aﬂnfunguauwm sliinioudund aiad el
vimaundanvaslsaGeun funa 20 wii Tﬂuﬁqﬂn‘srﬁﬁﬁi”llﬁu’lun’rsﬁ’mﬁ)umnlﬁusia:nq‘u andalamaliindouaanuuumsaatiuiin wazana
31Ja"num:‘uaoefu'lu’ﬁﬁht‘%uu'lﬁé’ma ABAULEI mnfuaglﬁﬁfnL‘%uuu@ia:nq’mi’lmuml’aQua:ﬂauﬁ’lmu‘mﬁn’mﬁauﬁﬁ):ﬁ’ﬁn wihduden
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B) “LﬂummammuﬁuLm:ﬁwﬂmu§wm:pjﬁuuﬁaafm’ﬁﬁﬁs’mLm:;'Tiau‘[mmnﬁaﬁﬁamm’xﬁn”umwﬁma‘inmmam{'
c) “lain LW‘S’\:an’mnﬁcﬁn’lsaaufflsji’m”ua?ﬂ"

English version

Item 3: A teacher started teaching on the topic of plants characteristics by asking students that “Are there any characteristics of the trees of the garden
in our school that are the same or different? Can you group the trees into groups, how?” Then teacher assigns students to survey the trees in the
garden by groups, for 20 minutes with necessary survey equipment. The teacher let students design a notetaking and draw a picture representing the
characteristics of each tree that they explore. Then, the teacher asks students of each group to present their data and answers the question that he/she

have asked before starting the survey activity in front of the class.

A) “Yes, because students learn and practice by themselves ”
B) “Itis an inquiry teaching method because the learner must explore their surroundings and connect to science knowledge.”

C) “ No, because this teaching scenario is lack of a conclusion step.”

Figure 1 Example of analysing 5 responses (A-C) in the questionnaire (item 3) used for measuring

teachers’ conceptions of inquiry-based teaching.

The last version of lesson plans was considered with the Science Teacher Inquiry Rubric
(STIR) [42], described in Figure 2. Consequently, each rubric of (STIR) was transformed to the essential
features of inquiry- based teaching [7] appeared in the lesson plan identified with a consensus of three

researchers.
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Learner Centered | & » | Teacher Centered
Learners are engaged by scientifically oriented questions.
Teacher provides an Learner is prompted to Teacher suggests Teacher offers learners lists of Teacher provides No evidence
opportunity for learners | formulate own questions topic areas or provides questions or hypotheses from which learners with observed.
to engage with a or hypothesis to be samples to help learners to select. specific stated (or
scientifically oriented tested. formulate own questions or implied) questions
question. hypothesis. or hypotheses to be

O O O | investigated. O O

Learners give priority to evidence, which allows them to develop and evaluate explanations that address scientifically oriented questions.

Teacher engages
learners in planning
investigations to gather
evidence in response to
questions.

Learners develop
procedures and protocols
to independently plan
and conduct a full
investigation.

]

Teacher encourages
learners to plan and conduct
a full investigation, providing
support and scaffolding with
making decisions. O

Teacher provides guidelines for

learners to plan and conduct part of

an investigation. Some choices are

made by the learners.

]

Teacher provides

the procedures and
protocols for the
students to conduct the
investigation. O

MNo evidence
observed.

]

Teacher helps learners
give priority to evidence
which allows them to
draw conclusions and/f
or develop and evaluate
explanations that
address scientifically
oriented questions.

Learners determine what
constitutes evidence and
develop procedures and
protocols for gathering
and analyzing relevant
data (as appropriate).

O

Teacher directs learners
to collect certain data or
only provides portion of
needed data. Often provides
protocols for data collection.

O

Teacher provides data and asks
learners to analyze.

Teacher provides data
and gives specific
direction on how data is
to be analyzed.

Mo evidence
observed.

Figure 2 The Science Teacher Inquiry Rubric (STIR).




SWU Sci. J. Vol. 38 No. 1 (2022) 9

Learners formulate explanations and conclusions from evidence to address scientifically oriented questions.

Learners formulate Learners are prompted Teacher prompts learners Teacher directs learners’ attention Teacher directs learners’ | No evidence
conclusions and/or to analyze evidence to think about how (often through questions) to specific | attention (often through | observed.
explanations from (often in the form of data) | analyzed evidence leads to | pieces of analyzed evidence questions) to specific

evidence to address and formulate their own conclusions/explanations, (often in the form of data) to draw pieces of analyzed

scientifically oriented conclusions/explanations. | but does not cite specific conclusions and/for formulate evidence (often in

questions. evidence. explanations. the form of data)

to lead learners to
predetermined correct

conclusions/explanations

[l O [ | (verification). O [
Learners evaluate the explanations in light of alternative explanations, particularly those reflecting scientific understanding.
Learners evaluate their | Learner is prompted to Teacher provides resources | Teacher does not provide resources | Teacher explicitly states | No evidence
conclusions and/or examine other resources | to relevant scientific to relevant scientific knowledge to specific connections to | observed.
explanations in light of | and make connections knowledge that may help learners formulate alternative alternative conclusions
alternative conclusions/ | and/or explanations help identify alternative conclusions and/or explanations. and/or explanations,
explanations, independently. conclusions andfor Instead, the teacher identifies but does not provide
particularly those explanations. Teacher may related scientific knowledge that resources.
reflecting scientific or may not direct learners to | could lead to such alternatives, or
understanding. examine these resources, suggests possible connections to

[] | however. [ | such alternatives. O O O
Learners communicate and justify their proposed explanations.
Learners communicate Learners specify content | Teacher talks about how to Teacher provides possible content Teacher specifies No evidence
and justify their and layout to be used to improve communication, but | to include and/or layout that might content and/or layout to | observed.
proposed conclusions communicate and justify does not suggest content be used. be used.
and/or explanations. their conclusions and or layout.

explanations. O O O O O

Figure 2 (cont.) The Science Teacher Inquiry Rubric (STIR).

The last version of lesson plans was considered with the Science Teacher Inquiry Rubric (STIR) [42], described in Figure 2. Consequently, each rubric

of (STIR) was transformed to the essential features of inquiry- based teaching [7] appeared in the lesson plan identified with a consensus of three researchers.
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The teaching video clips of each teacher were considered with the criteria of [43], as shown
in Table 3. Besides, the role of teachers and students were determined to identified levels and quality
of inquiry-based teaching. Using the following labels: Level 0 (No inquiry), Level 1 (Little inquiry),
Level 2 (Limited, typically short-term inquiry), Level 3 (Some sustained practice-level inquiry), and

Level 4 (Iterative, recursive inquiry into practice).

Table 3 The criteria used to measure levels and quality of inquiry-based teaching [43].

Label of teaching

Level Criteria
quality

0 No inquiry No goals identified or no reference of working toward goals.

1 Little inquiry Set goals, but no reference of working toward goals that had been
set. No evidence of planning, reflecting, monitoring or making
alterations.

2 Limited, typically Mention of goals, but limited examples of working toward goals.

short-term inquiry Limited evidence of planning, reflecting or monitoring. Short-term
example of alteration of practice related to goals and plans.

3 Some sustained Mention of goals with several segmented examples of lessons

practice-level inquiry working toward goals. Evidence of some ongoing planning, and
some evidence of reflecting and monitoring. Example of alteration

of practice due to knowledge emerging from inquiry.
4 Iterative, recursive Clearly defined goals with multiple elaborations including several
inquiry into practice  examples of lessons and other efforts to work toward goals.
Indications of continuous programming toward goals. Evidence of
purposeful planning in either lessons or program goals. Evidence of
reflection on progress toward goals either during and/or after
process. Multiple examples of alteration of practice due to

knowledge derived through inquiry.

Both lesson plan and teaching video clips were considered together, as shown for instant in
Table 4. The results represent that the lesson plan of the first participant was designed according to all
5 essential features of inquiry-based teaching and categorized into confirmation inquiry because most
activities was confirming a principle through an activity by students when the results are known in
advance. However, the teaching quality of the first participant was categorized into Limited, typically
short- term inquiry. While the lesson plan of the second and third participants represent that there were
all essential features of inquiry-based teaching, but the 1% oM 4% and 5™ essential features were
classified into structured inquiry level. The teaching quality of the second and third participants were

different, Some sustained practice-level inquiry and Limited, typically short-term inquiry, respectively.
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Table 4 An example of Criteria of the Science Teacher Inquiry Rubric (STIR) applied for measuring
level of inquiry-based teaching and teaching quality [42].

Assessing the essential features of inquiry- Inquiry-based teaching levels
based teaching appeared in a lesson plan and teaching quality
Participants
determined from the teaching
st nd rd th th
The 1 The 2 The 3 The 4" The 5 video clips
feature  feature feature feature feature
1 Vs Vs v x v x v'#  Limited, Typically Short-term
Inquiry
2 v v AL v v Some sustained practice-level
inquiry
3 v v vk v Vs Limited, Typically Short-term
Inquiry

Note: ¥ =1t is no inquiry-based teaching
v o =1tis inquiry-based teaching
* = Students confirm a principle through an activity when the results are known in advance (Confirmation inquiry inquiry).
** = Students investigate a teacher-presented question through a prescribed procedure. (Structured inquiry).
**%= Students investigate a teacher-presented question using student designed/selected procedures. (Guided inquiry).
##%% = Students investigate questions that are student formulated through student designed/selected procedure (Opened

inquiry).

Results and Discussions

As shown in Figure 3, the results revealed that most participants’ response were classified into
Incorrect Understanding (I) which was greater than the number of participants classified into Partial
Understanding (P) and Understanding (U) before training which is related to the previous study [39].
Additionally, the number of the participants whose answers were classified into Partial Understanding (P) was
greater than the number of participants whose answers were classified as “correct,” or Understanding (U). After
the training, all participants had a higher level of understanding, most participants’ responses were classified
into Understanding (U), accepted the second participant whose response classified into Partial Understanding
(P) equal to Incorrect Understanding (I), as shown in Figure 4. However, the average pre-test and post-test
understanding scores are 10.92 and 20.33, respectively, the t value was -11.88 and the Sig. 0.000 which less than
0.05. It means that the pre-test understanding scores differs from the post-test understanding scores significantly.
From the results, the teachers’ understanding scores of inquiry-based teachings are higher after participating in
the teacher professional development program related to the results of previous studies [44-46]. Obviously, all
responses of each teacher could not be improved to Understanding (U) group, they were still had some responses
classified into Incorrect Understanding (I) and Partial Understanding (P). It is not surprising results for the
researchers because each teacher still had some personal limitations for improving themselves to understand
inquiry-based teaching [45]. In addition, a personal belief of each teacher which affected to their teaching

conceptions were hard to change [47-49]. The conceptions of inquiry-based teaching reported in this current
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focused on the essential features of inquiry-based teaching which were different from the previous study focusing

on teaching concepts [50], teachers’ and student’ roles concepts [51].
18
16

14
12

AbbLLBLELLLL

Participants

Number of items

o N A O ©®

Figure 3 The teachers’ pre-test responses of inquiry-based teaching conceptions classified into three conception

groups: Incorrect Understanding (I), Partial Understanding (P) and Understanding (U).

2 3 4 5 6 7 8 9 10 1"

Participants

Number of items

12

W Incorrect understanding( [} W Partial understanding(P) | Understanding (U)

Figure 4 The teachers’ post-test responses of inquiry-based teaching conceptions classified into three conception

groups: Incorrect Understanding (I), Partial Understanding (P) and Understanding (U).

Table 5 Comparison of understanding scores on five essential features of inquiry-based teaching, before

and after training (t-test).

Test N Mean S.D. t Sig. (2-Tailed)
Pre 12 2.39 .69 -11.883% .000
Post 12 1.97 b7

*.05 level of significance
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Table 6 Summary of the results of the assessment of the learning activities based on inquiry of the first sample.

13

Lesson The essential features of inquiry-based teaching appeared in a lesson plan The quality of inquiry-based teaching
plans The 1* feature The 2" feature The 3™ feature The 4™ feature The 5" feature determined from teaching video clip
Before Y% =100% Vs =7500% Y+ =5833% Y+ =9167% Y'* =4167%  No inquiry 0%
training v #* = 0% Vs 2 8339 Visr 29500% VR = 0% Vs = 9500%  Little inquiry 8.33%
VAT 0% VAT 0% N 0% VT 0% VAT 0% Limited, Typically Short-term Inquiry 6.67%
v ssEx = 09 v ssEx = 09 v ssEE = )9 v sEsk — 0 v xrkx 2 09 Some sustained practice-level inquiry 5.00%
x - 0% x - 16.67% x — 16.67% x - 8.33% X - 33339 Iterative, recursive inquiry into practice 0%
During v'* =1667% Y* =-833%  Y* =333% V* =3333% V* =4167%  No inquiry 0%
training  v'#% =5833%  v'#* =5833%  V#r =5000% V¥ =2500% vV ¢* =8.33% Little inquiry 0%
Vissx Z 16.67% Y ¥%% = 16.67% Y %% =8339 vV ¥EE = 6.67% Vissk Z 09, Limited, Typically Short-term Inquiry 16.67%
v k%% = 833, Visksx — 16.67% Y ¥EE% = 8339, v wEEk = 00 v ssx% 2 00 Some sustained practice-level inquiry 33.33%
x - 0% x - 0% x - 0% x — 95.00% % = 50.00% Iterative, recursive inquiry into practice
50.00%
After V5 = 0% v  -833% v+ -833% Y+ -4167% Y* =3333% No inquiry 0%
training  v'#% =5000% V' ** =833% ViEE 2 16.67% YR = 0% Vi = 9500%  Litle inquiry 0%
Vs = 16.67% Y *%% =33339% Y EEx = 9500% VY FEEF = 16.67% Y *FE = 8.33% Limited, Typically Short-term Inquiry 8.33%
Visxxk 2 33330, v swsk 2 50.00% YV FREE = 50.00% Y REEE = 41.67% Y REEE = 95.00% Some sustained practice-level inquiry 33.33%
x - 0% X - 0% x - 0% x - 0% % - 8.33% Iterative, recursive inquiry into practice 58.34%
Note: ¥ =1t is no inquiry-based teaching

v o =1tis inquiry-based teaching

*

** = Students investigate a teacher-presented question through a prescribed procedure (Structured inquiry).

ko

= Students confirm a principle through an activity when the results are known in advance (Confirmation inquiry inquiry).

= Students investigate a teacher-presented question using student designed/selected procedures.(Guided inquiry).

*##%* = Students investigate questions that are student formulated through student designed/selected procedure (Opened inquiry).
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As shown in Table 6, all teachers’ lesson plans tend to be designed by considering the essentials
features of inquiry-based teaching after training, both percentages of the essential features appeared in
the lesson plan and level of teaching quality were increasing. Considering the last version of lesson plan,
see after training row of Table 6, we found that the 1%, 2", and 3" features were not only realized by
the teachers, but the levels of inquiry levels of those features were increasing to the top levels of inquiry-
based teaching, Vs = 33.33%, 50.00%, and 50.00%, compared with before and during training.
Obviously, the 4™ and 5™ features were appeared in the lesson plan in the low level of inquiry-based
teaching the most, v'% = 41.67% and 33.33%, respectively. From the results, we can imply that each
essential features of inquiry-based teaching are not necessary appeared in the highest level of inquiry-
based teaching, they are some obstacles or factors such as a content, teachers’ making decision, and
beliefs that affect to teacher’ teaching sequences [61].

As shown in Table 6, the level of teachers’ teaching quality was increasing. However, the
Teacher Development Program used in this study could not improve all teachers to be at the highest
level of inquiry-based teaching, it may depend on students’ learning abilities of each teaching activity,

school contexts, science contents and learning objective [51].

Conclusion

It is important to understand how elementary school science teachers’ conceptions to inquiry-
based teaching because teachers’ conceptions effect on their enactment of inquiry in the classroom [18,
19]. Especially in Thailand, the dominant of misconceptions about inquiry-based teaching were revealed
[39]. From the results, although we designed and used the Teacher Development Program based on
those misconceptions [39] carefully, but conceptions of all teachers could be changed to Understanding
(P) conception group. Besides, although all essential features of all teachers were appeared in the lesson
plan, but in practice, teachers could not teach science in the highest level of inquiry-based teaching
(opened -inquiry). The same as teaching quality, some teachers had understating scores of inquiry-based
teaching at a high level, and designed the lesson plan according to all essential features of inquiry-based
teaching, in practice, they were some un-controlled factors that affect to their teaching quality such as
students’ learning ability, school supporting conditions etc. Lastly, teachers’ conceptions of inquiry-based
teaching, designing a lesson plan, and teaching quality affect to students learning directly, science
teachers need to improve their knowledge and teaching skills. In the future works, difficulties of inquiry-
based teaching and un-controlled factors that effect to teachers’ teaching quality should be discussed and

used to improve the Teacher Development Program.

Acknowledgement
We would like to thank the Faculty of Education, Chiang Mai University, Thailand, for
supporting CMUREC No. 63/257 and COE No. 002/64.



SWU Sci. J. Vol. 38 No. 1 (2022) 15

References

1.

10.

11.

12.

13.

14.

15.

Minstrell, J., & van Zee, E. H. (Eds.). (2000). Inquiry into inquiry learning and teaching in
science. Washington, DC: American Association for the Advancement of Science.

Lakkala, M., Lallimo, J., & Hakkarainen, K. (2005). Teachers’ pedagogical designs for technology-
supported collective inquiry: A national case study. Computers and Education, 45(3), 337-356.
The Institute for the Promotion of Teaching Science and Technology. (2010). Report of preliminary
data analysis: Project PISA 2009. Bangkok: Institute for the Promotion of Teaching Science and
Technology. (in Thai)

Llewellyn, D. (20183). Teaching high school science through inquiry and argumentation (2" ed.).
California: Corwin a SAGE Company.

Good, C.V. (1973). Dictionary of education prepared under the auspices of Phi Delta Kappa.
(3" ed.). New York: McGraw-Hill.

National Research Council. (1996) . National science education standards. (2™ ed.). Washington,
DC: National Academy Press.

National Research Council. (2000). Inquiry and the National Science Education Standards: A
Guide for Teaching and Learning. Washington, DC: National Academy Press.

The Institute for the Promotion of Teaching Science and Technology (2003). Organization of
learning materials for science group, Basic Education Curriculum. Bangkok: Institute for the
Promotion of Teaching Science and Technology. (in Thai)

Banchi, H., & Bell, R. (2008). The many levels of inquiry. Science and Children, 46(2), 26-29.
Kubicovd, S. (2013). ICT on four levels of inquiry-based science education in environmental
education. International Journal of Information and Communication Technologies in Education,
2(1), 17-32.

Chang, Y. L., & Wu, H. H. (2015). A case study of increasing vocational high school teachers
practices in designing interdisciplinary use of scientific inquiry in curriculum design. Eurasia
Journal of Mathematics, Science & Technology Education, 11(1), 37-51.

Asay, L. D., & Orgill, M. (2010). Analysis of essential features of inquiry found in articles published
in The Science Teacher, 1998-2007. Journal of Science Teacher Education, 21(1), 57-79.
Darling- Hammond, L. (2006). Constructing 21* century teacher education. Journal of Teacher
Education, 57(1), 300-314.

Darling-Hammond, L., & Bransford, J. (Eds). (2005). Preparing teachers for a changing world.
Washington, DC: National Academy of Education.

Crawford, B. A. (2000). Embracing the essence of inquiry: New roles for science teachers. Journal
of Research in Science Teaching: The Official Journal of the National Association for Research

in Science Teaching, 37(9), 916-937.



16

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

20.

30.

SWU Sci. J. Vol. 38 No. 1 (2022)

Lee, C. K., & Shea, M. (2016). An analysis of pre-service elementary teachers’ understanding of
inquiry-based science teaching. Science Education International, 27(2), 217-237.

Jinlong, Z., & Bogqin, L. (2015). The misunderstanding about inquiry in high education in China.
Canadian Social Science, 11(5), 106-110.

Blanchard, M. R., Southerlan, S. A., & Granger, E. M. (2009). No silver bullet for inquiry: Making
sense of teacher change following an inquiry-based research experience for teachers. Science
Education, 93(2), 322-360.

Windschitl, M. (2003). Inquiry projects in science teacher education: What can investigative
experiences reveal about teacher thinking and eventual classroom practice? Science Education,
87(1), 112-143.

Promkatkeaw, T., Sungong, S., & Kaewviyudth, S. (2007). Development of semi-structured
interviews for studying lower primary teachers’ conceptions and instruction of the nature of science.
Songklanakarin Journal of Social Science & Humanities, 13(4), 513-525.

Office of Education Council. (2010). Second decade education reform proposals (2009-2018).
Bangkok: Pik Wan Graphic Limited. (in Thai)

Lewthwaite, B., & Maclntyre, B. (2003). Professional knowledge, interest and self-efficacy: a
vignette study. STER papers: Science and Technology Education Research, 2003, 161-188.
Stuss, D. T., & Alexander, M. P. (2000). Executive functions and the frontal lobes: a conceptual
view. Psychological Research, 63, 289-298.

Baker, P. (1999). In-service teacher education: form vs. substance. High School Magazine, 72, 46-
47.

Smith, D., & Neale, D. (1989). The construction of subject matter knowledge in primary science
teaching. Teaching and Teacher Education, 5(1), 1-19.

Mellado, V., Blanco, L. J., & Ruiz, C. (1998). A framework for learning to teach science in initial
primary teacher education. Journal of Science Teacher Education, 9(3), 195-219.

Van Driel, J. H., & Berry, A. (2017). Developing pre-service teachers’ pedagogical content
knowledge. The SAGE Handbook of Research on Teacher Education. California: Sage Publications
Inc.

Sinclair, B. B., Naizer, G. L. and Ledbetter, C. E. (2011). Observed implementation of a science
professional development program for K-8 classrooms. Journal of Science Teacher Education,
22(7), 579-594.

Desimone, L. (2009). Improving impact studies of teachers’ professional development: Toward better
conceptualizations and measures. Education Research, 38(3), 181-199.

Khvilon, E., & Patru, M. (2002). Information and Communication Technologies in Teacher

Education: A Planning Guide. UNESCO: Division of Higher Education.



SWU Sci. J. Vol. 38 No. 1 (2022) 17

31.

32.

33.

34.

3b.

36.

37.

38.

39.

40.

41.

42.

Melber, L. M., & Cox-Petersen, A. M. (2005). Teacher professional development and informal
learning environments: Investigating partnerships and possibilities. Journal of Science Teacher
Education, 16(2), 103-120.

Pecore, J. L., Kirchgessne, M. L., & Carruth, L. L. (2013). Changes in science content knowledge
and attitudes toward science teaching of educators attending a zoo-based neuroscience professional
development. The Clearing House, 86(6), 238-245.

Tongchai, A., Wichaidit, P. R., & Koocharoenpisal, N. (2019). A professional development program
to enhance thinking and problem-solving skills for Thai Science, Mathematics and Technology
(SMT) Teachers. Journal of Science and Mathematics Education in Southeast Asia, 42, 1-25.
Tongchai, A. (2021). The effects of a professional development on teachers’ self-efficacy in
promoting thinking and problem-solving skills. Journal of Physics: Conference Series, 1957,
012032.

Pitiporntapin, S., Chantara, P., Srikoom, W., Nuangchalerm, P., & Hines, L. M. (2018). Enhancing
Thai in-service teachers’ perceptions of STEM education with tablet-based professional development.
Asian Social Science, 14(10), 13-20.

Park, D. Y., & Prommas, C. (2017). Development of Thai teachers’ pedagogical reasoning by
utilizing metacognitive reflections in STEM professional development. Journal of Education and
Human Development, 6(3), 137-152.

Chatmaneerungcharoen, S. (2019). Improving Thai science teachers” TPACK through an innovative
continuing professional development program. In Journal of Physics: Conference Series, 1340,
012017.

Agbenyega, J. S., & Klibthong, S. (2015). Transforming Thai preschool teachers' knowledge on
inclusive practice: a collaborative inquiry. Australian Journal of Teacher Education, 40(7), 57-
69.

Soonjan, J., & Kaewkhong, K. (2022). Elementary science teachers’ understanding of inquiry-based
teaching and self-evaluation of their practices: A Case Study from Thailand. International Journal
of Innovation in Science and Mathematics Education, 30(1), 30-44.

Zion, M., & Mendelovici, R. (2012). Moving from structured to open inquiry: Challenges and
limits. Science Education International, 23(4), 383-399.

Uce, M. (2015). Constructing models in teaching of chemical bonds: lonic bond, covalent bond,
double and triple bonds, hydrogen bond and molecular geometry. Educational Research and
Reviews, 10(4), 491-500.

Bodzin, A. M., & Beerer, K. M. (2003). Promoting inquiry-based science instruction: The validation
of the Science Teacher Inquiry Rubric (STIR). Journal of Elementary Science Education, 15(2),
39-49.



18

43.

44.

45.

46.

47.

48.

49.

50.

51.

SWU Sci. J. Vol. 38 No. 1 (2022)

Butler, D. L., & Schnellert, L. (2012). Collaborative inquiry in teacher professional development.
Teaching and Teacher Education, 28(8), 1206-1220.

King, B.M. (2002). Professional development to promote schoolwide inquiry. Teaching and
Teacher Education, 18(3), 243-257.

Lotter, C., Smilley, W., Thompson, S., & Dickenson, T. (2016). The impact of a professional
development model on middle school science teachers’ efficacy and implementation of inquiry.
International Journal of Science Education, 38(18), 2712-2741.

Mule, L. (2006). Preservice teachers’ inquiry in a professional development school context:
implications for the practicum. Teaching and Teacher Education, 22(2), 205-218.

Hewson, P. W., Kahle, J. B., Scantlebury, K., & Davies, D. (2001). Equitable science education in
urban middle schools: Do reform efforts make a difference? Journal of Research in Science
Teaching, 38(10), 1130-1144.

Knapp, M. S., & Plecki, M.L. (2001). Investing in the renewal of urban science teaching. Journal
of Research in Science Teaching, 38(10), 1089-1100.

Spillane, J. P., Diamond, J. B., Walker, L. J., Halverson, R., & lJita, L. (2002). Urban school
leadership for elementary science instruction: Identifying and activating resources in an undervalued
school subject. Journal of Research in Science Teaching, 39(8), 918-940.

Ireland, J. E., Watters, J. J., Brownlee, J., & Lupton, M. (2012). Elementary teacher’s conceptions
of inquiry teaching: Messages for teacher development. Journal of Science Teacher Education,
23(2), 159-175.

Pozuelos, F., Travé Gonzélez, G, & CaNal de Le()n, P. (2010). Inquiry-based teaching: teachers’

conceptions, impediments and support. Teaching Education, 21(2), 131-142.



