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Abstract
This study explored and developed conceptual understanding and teaching

science process skills for in-service science teachers under the Office of the Basic
Education Commission in Thailand. A sample comprised of 166 in-service science
teachers in the Secondary Educational Service Area Office 3, Nonthaburi province,
obtained from stratified random sampling. Firstly, the teachers’ conceptual
understanding of science process skills were investigated by using science process
skills conceptual understanding test and teaching science process skills evaluation
form. Results of the first phase showed that in-service science teachers had moderate
level of conceptual understanding of science process skills and teaching science
process skills at the moderate level. Taking into an account of the first phase findings
and research-based evidences in the literature, the professional development programs
covering 13 science process skills were developed, modified and implemented
consequently. Experts’ opinions toward the training package including contents,
teaching strategy, assessment and evaluation tools, and the training instruments
including teaching manual for teaching 13 science process skills, and learning
management plans were at the highest level. Result from the implementation showed
that the teachers’ conceptual understanding of science process skills after the
development was significantly higher than that of before. The teachers’ satisfactions
toward the training package and the training instruments were at the highest level.
Finally, the teachers follow up phase was used to determine teaching practices in
classrooms using multi method evaluation and cross-case analysis. Results showed
that the teachers improved teaching science process skills. The findings have
implications for science process skills teaching development for Thai in-service science
teachers.
Keywords : Science Process Skills, Teacher Professional Development, In-Service

Science Teachers
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ABSTRACT

This study explored and developed conceptual understanding and teaching science process skills for in-service
science teachers under the Office of the Basic Education Commission in Thailand. A sample comprised of 166
in-service science teachers in the Secondary Educational Service Area Office 3, Nonthaburi province, obtained
from stratified random sampling. Firstly, the teachers’ conceptual understanding of science process skills were
investigated by using science process skills conceptual understanding test and teaching science process skills
evaluation form. Results of the first phase showed that in-service science teachers had moderate level of
conceptual understanding of science process skills and teaching science process skills at the moderate level.
Taking into an account of the first phase findings and research-based evidences in the literature. the professional
development programs covering 13 science process skills were developed. modified and implemented
consequently. Experts’ opinions toward the training package including contents. teaching strategy, assessment
and evaluation tools, and the training instruments including teaching manual for teaching 13 science process
skills, and learning management plans were at the highest level. Result from the implementation showed that the
teachers’ conceptual understanding of science process skills after the development was significantly higher than
that of before. The teachers” satisfactions toward the traming package and the training instruments were at the
highest level. Finally. the teachers follow up phase was used to determine teaching practices in classrooms using
multi method evaluation and cross-case analysis. Results showed that the teachers improved teaching science
process skills. The findings have implications for science process skills teaching development for Thai in-
service science teachers.

INTRODUCTION

The fact that, nowadays. scientific knowledge is increasing rapidly. Teachers cannot teach all the information to
students.  Thus, if is necessary to teach the students to acquire the scientific knowledge. Science teachers are
required to teach science process skills fo their students (American Association for the Advancement of Science
[AAAS]. 1989, 1993: National Research Council [NRC]. 1996). Because of knowing the processes of science
and combine the processes and scientific knowledge foster the students’ scientific reasoning and critical thinking
to develop their understanding of science and scientific inquiry process (NRC, 1996). Science process skills are
capabilities of students to acquire the scientific knowledge and the acquisition of science processes. Those skills
provide meaningful learning and prevent memorization of facts (Cain. 2002). thus they help the students
understand the knowledge they obtained. Science process skills have an important role in developing students’
higher order thinking and decision making. Students will be able to think creatively and these capabilities can be
transferred to other areas of study (Anderson. 2002; Glymn & Duit, 1995). In addition. science process skills
prevent developing negative attitudes to science (Cain, 2002). Hence, science process skills should be taught to
students while they are studying in all levels in their formal education. In order to produce students who acquire
the science process skills. the teacher should be competent in science process skills; theoretically and practically
(Hafizan. Halim, & Meerah. 2012).

Teaching science process skills has become important in the science curriculum all over the world and has
become one of the new approaches for more effective and meaningful teaching science. Thirteen science
process skills are divided into two major categories. basic or simpler science process skills and integrated or
more complex science process skills. Basic science process skills include observing. measuring, classifying.
inferring. manipulating and communicating data. predicting, using space/space and space/time relationships. and
using numbers. Integrated science process skills include identifying and controlling variable, operational
defining of the variable, formulating hypotheses. experimenting, and interpreting data and conclusion. In order
to teach science process skills effectively. it requires the teachers to master in these investigation and
experimental skills.

There were some studies examined science course content for prospective teachers (Boardman & Zembal-Saul,
2000: Dana. et al.. 2000: Zembal-Saul, & Oliver, 1998 and teacher preparations aimed at developing
understanding and abilities associated with effective science teaching in classrooms among teachers (Marion et
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al.. 1999; Zembal-Saul et al.. 1999). However, there were evidences that teachers had limited conceptual
understanding of science process skills in teacher education. The research results showed that pre-service
teachers had poor conceptual understanding of science process skills. their incorrect definitions of science
process skills ranged from not having any idea to redundancy. Moreover. the pre-service teachers interchanged
the definitions of science process skills, especially measuring and quantification: and predicting and inferring
(Mbewe. Chabalengula, & Mumba. 2010). The teachers had low performance on the science process skills. In
addition, the teachers are unable to provide correct definitions of the science process skills to the students
(Boardman and Zembal-Saul. 2000; Dana et al. 2000: Zembal & Oliver, 1998). These have implications for
science teaching, learning and teacher education.

In Thailand, there was only one published paper on professional development about science process skills.
Kruea-In & Buaraphan (2014) developed a social constructivist-based professional development workshop
to help lower secondary school science teachers develop their science process skills and laboratory lesson
preparation skills. They founded that the workshop the teachers develop their science process skills. Thus more
professional development resources are needed to help the teachers to develop their instructional activities to
teach science process skills to the students.

This study aimed to explore conceptual understanding and teaching science process skills of in-service science
teachers under the Office of the Basic Education Commission. Firstly. the teachers’ science process skills was
vestigated by using science process skills conceptual understanding test and teaching science process skills
evaluation form. Taking into account of these first phase findings and research-based evidences in the literature,
the science process skills professional development programs covering 13 science process skills was developed.
modified and implemented consequently in the second phase. Finally. the teachers follow up phase was used to
determine teaching practices in classrooms by using multi method evaluation and cross-case analysis.

THE STUDY

The purposes of this study were (1) to explore conceptual understanding and teaching science process skills of
in-service science teachers under the Office of the Basic Education Commission, (2) to develop science process
skills training package according to school context to promote teaching science process skills for the teachers.
(3) to compare conceptual understanding and teaching science process skills of the teachers before and after
participating in the training workshop. and (4) to study the teachers” satisfaction toward the training package and
the training instruments.

Target group of this study was 290 in-service science teachers under the Office of Secondary Educational
Service Area 3, Nonthaburi province. Thailand.

The first phase: a survey of conceptual understanding and teaching science process skills of 166 in-service
science teachers obtained from stratified random sampling.

The second phase: the development of science process skills teaching by using science process skills teaching
activity training package. The target group of this phase comprised of 30 in-service science teachers obtained
from stratified random sampling from the participants in the first phase.

The third phase: following up of teaching science process skills after the training by using the activity training
package of 10 in-service science teachers obtained from purposive sampling.

Instruments used in this study were as follows:

In the first phase: instruments for data collection were (1) Science Process Skills Conceptual Understanding Test
(SPSCUT). 130 items. 10 items for each science process skill. the difficulty indices of the test were ranged
between .35-.75, the discriminate indices were ranged between .30-.70. and reliability of the instrument was .86,
and (2) teaching science process skills evaluation form.

In the second phase: instruments for training were (1) training package including contents, teaching strategy,
assessment and evaluation tools, (2) training instruments including teaching manual for teaching 13 science
process skills and learning management plans. (3) a questionnaire for the teachers’ satisfaction toward the
training package and the training instruments. the S-point Likert-type scales, and (4) a questionnaire for experts’
opinions toward the training package and the training instruments. the 5-point Likert-type scales.

2



In the third phase: instruments for data collection were )1( teaching observation forms, )2( learning management
plans. and )3( semi-structure interview forms.

Contents used in this study were 13 science process skills which were basic or simpler science process skills and
integrated or more complex science process skills. Basic SPS include observing. measuring. classifying.
inferring. manipulating and communicating data, predicting. using space/space and space/time relationships. and
using numbers. Integrated SPS include identifying and controlling variable. operational defining of the variable.
formulating hypotheses. experimenting. and interpreting data and conclusion.

Research processes were as follows:

The first phase:

(1) Surveyed research documents on science process skills, teaching science process skills, and assessment and
evaluation of teaching science process skills.

(2) Developed science process skills conceptual understanding test (SPSCUT) and teaching science process skills
evaluation form.

(3) Collected data and analyzed the data obtained from science process skills conceptual understanding test
(SPSCUT) and teaching science process skills evaluation form.

The second phase:

(4) Developed training package including contents. teaching strategy. assessment and evaluation tools, and
training instruments including teaching manual for teaching 13 science process skills and learning management
plans.

(5) Developed teaching observation forms and semi-structure interview forms.

(6) Evaluated training package by experts on contents, teaching strategy. assessment and evaluation tools.

(7) Workshop trained for the development of teaching science process skills by using the training package for in-
service science teachers under the Office of Secondary Educational Service Area 3., Nonthaburi province.
Thailand, in March 2015.

The third phase:

(8) Follow up of teaching science process skills after workshop training by using the training package of ten in-
service science teachers in their classrooms.

(9) Analyze qualitative and quantitative data by using data from several resources.

FINDINGS

1. On the basis of the objective 1 of this study. to explore conceptual understanding and teaching science process
skills of in-service science teachers under the Office of the Basic Education Commission, the results were as
follows:

1.1 Conceptual understanding of science process skills scores ( 2% ) of 166 in-service science teachers were in
the range of 5.15 to 8.21 (X =6.73. S.D. = 1.45), as shown in [Table 1] and [Figure 1].
1.2 Teaching science process skills of 166 in-service science teachers revealed that only 45.78 % of the teachers

stated that they have already taught science process skills directly. while 67.47% of the teachers stated that they
had integrated science process skills during they conventionally teach the students in their classrooms.
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Table 1: Conceptual understanding of science process skills of 166 in-service science teachers.

SPS X S.D.
n=166
observing 7.10 1.54
measuring 6.30 1.01
classifying 7.66 1.14
inferring 5.15 1.38
manipulating and communicating data 5.64 1.57
predicting 5.75 1.60
using space/space and space/time relationships 7.30 141
using numbers 6.35 1.82
identifying and controlling variable 8.21 1.32
operational defining of the variable 6.43 1.83
formulating hypotheses 8.08 1.12
experimenting 6.15 1.49
interpreting data and conclusion 7.36 1.58
Total 6.73 1.45
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Figure 1: Conceptual understanding of science process skills of 166 in-service science teachers.

2. On the basis of the objective 2 of this study. to develop science process skills training package according to
school context to promote teaching science process skills for the teachers. the results were as follows:

The five experts’ opinions toward the training package and the training instruments, from the 5-point Likert-type
scales questionnaire, were at the highest level. as shown in [Table 2].
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Table 2: Experts’ opinions toward the training package and the training instruments.

Category X SD. Meaning
Training Package 464 048  highest
content 452 (5] ighest
teaching strategy 480 042  highest
assessment and evaluation tools 473 046  highest
Training Instruments 465 052  highest
documents 440 058  highest
learning management plans 483 038  highest
Total 465 050 highest

-

3. On the basis of the objective 3 of this study, to compare conceptual understanding and teaching science
process skills of the teachers before and after participating in the training workshop. the results were as follows:

3.1 Conceptual understanding of science process skills scores (X)) of 30 in-service science teachers before
participating in the ftraining workshop were in the range of 5.10 to 8.87 (X= 694, SD. = 1.92). after

participating in the training workshop were in the range of 8.10 to 9.43 (X =8.72. S.D. = 0.91). The teachers’
conceptual understanding of science process skills after participating in the training workshop was significantly
higher than that of before counterpart at the .05 level. as shown in [Table 3] and [Figure 2].

Table 3: Conceptual understanding of science process skills of the teachers before and after participating in the
training workshop.

Science process skills i 1 SD.1 i ) SD2 1 p
n=30 n=30
observing 797 1.71 933 0.76  6.633 .000
measuring 6.13  1.04 8.43 0.68 15.06 .000
classifying 770 134 910 0.6l 7.64  .000
inferring 510 1.24 8.07 0.74 14.3 .000
manipulating and communicating data 563 154 810 084 1340 .000
predicting 553 1.80 8.10 096 12.73  .000
using space/space and space/time relationships ~ 7.70 158 913 068 674 .000
using numbers 660 1.85 840 089 760  .000
identifying and controlling variable 887 141 943 073 380 .001
operational defining of the variable 597 201 33088 853 .000
formulating hypotheses 850 117 927 069 514 .000
experimenting 670 156 860 0381 9.25  .000
interpreting data and conclusion 793 144 903 081 551  .000
Total 694 192 872 091 18.08 .000
p=.05
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Figure 2: Conceptual understanding of science process skills of the teachers before and after participating in the
training workshop.

3.2 The results of teaching science process skills from 30 in-service science teachers revealed that before
participating in the training workshop. only 36.67% of the teachers stated that they teach science process skills
directly, while 56.67% of the teachers stated that they had integrated science process skills during they
conventionally teach the students in their classrooms. Interestingly. after the development of teaching science
process skills, workshop training in the third phase. the results from 10 in-service science teachers collected from
teaching observation forms. learning management plans. and semi-structure interview forms showed that 66.67%
of the teachers teach science process skills directly. while 93.33% stated that they had integrated science process
skills during they conventionally teach the students in their classrooms.

4. On the basis of the objective 4 of this study. to study the teachers’ satisfaction toward the training package and
the training instruments, the results were as follows;

The 30 in-service science teachers’ satisfactions on the training package and the training instruments, from the 5-

point Likert-type scales questionnaire, were ranged from 4.51-4.67 (X'=458.SD.=0.56). the highest level. as
shown in [Table 4].

Table 4: Teachers’ Satisfactions toward the Training Package and the Training Instruments.

Category X sD. Meaning
Training Package 457 0.56  highest
content 451 056  highest
teaching strategy 467 054  highest
assessment and evaluation improvement ~ 4.60  0.56  highest
Training Instruments 458 056  highest
SPS documents 451 056 highest
learning management plans 463 054  highest
Total 458 056  highest

CONCLUSIONS

The research results showed that. in general. Thai in-service science teachers had moderate level of conceptual
understanding of science process skills and teaching science process skills. But. after the development of
teaching science process skills. workshop training by using the training package and the training instruments. the
teachers improved their level of conceptual understanding of science process skills and teaching science process
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skills. After the development of teaching science process skills, the results revealed that the teachers possess
higher score of conceptual understanding and increasing competencies in teaching science process skills as was
found in professional development intervention on teachers’ science process skills (Cotabish. Dailey. Hughes, &
Robinson. 2011: Kruea-In & Buaraphan, 2014). The participants in this study stated that the training package
and the training instruments promote their conceptual understanding of science process skills and teaching
science process skills because they provide proper content. teaching strategy. and assessment and evaluation
tools. Especially. the examples of learning management plans helped them better write their own learning
management plan emphasizing science process skills. However, the results from teaching observation, learning
management plans. and semi-structure interview indicated that the teachers need to learn more about creating
activities emphasis of science process skills which can be normally used in their classrooms. The results
implicated that. in general. professional development approaches such as coaching and mentoring are still
needed for Thai in-service science teachers in order to foster mastering in teaching science process skills.
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