
PROCEEDING OF 3RD
 INTERNATIONAL CONFERENCE ON RESEARCH, 

IMPLEMENTATION AND EDUCATION OF MATHEMATICS AND SCIENCE 

YOGYAKARTA, 16 – 17 MAY 2016 

CE-17 

      

  

   

Chemistry Teachers’ Ability in Measuring 

Analitycal Thinking and Science Process Skills 

 
Irwanto

1
, Eli Rohaeti

2
 

1
Chemistry Teacher (3 Maret Senior High School Yogyakarta, INDONESIA) 
2
Chemistry Education Lecturer (Yogyakarta State University, INDONESIA) 

Irwan_Uny@yahoo.com 

 

 
Abstract—The objectives of the study to investigate chemistry teachers’ ability in 

measuring students’ analitycal thinking and science process skills. This subject 

research is chemistry teachers’ of XI IPA classes of five senior high schools in 

Yogyakarta. Data collecting technique used questionnaire and was analyzed in 

qualitative-descriptive method. The result of the qualitative analyze shows that: 1) 

some of the subject research teachers do not have the assessment instrument, 2) 

assessment laboratory activities have not using the assessment instrument, and 3) 

assessment instrument is not equipped with standard scoring guidelines. On the other 

hand, the chemistry teachers’ ability in measuring analitycal thinking and science 

process skills is low. Therefore, chemistry teachers should be improved their ability in 

measuring analitycal thinking and science process skills. 
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I. INTRODUCTION 

Chemistry learning in 21
st
 century requires active participation of teachers to optimize the overall 

students’ abilities on aspects of knowledge, skills, and attitudes. Knowledge related to the cognitive, 
psychomotor related to the skills, and attitudes related to the affective domain. Knowledge is a process of 
remembering, associating, assessing, and interpreting a particular phenomenon. Manual skill is the ability 
possessed by the students to do laboratory activities well. Attitude is a state of mind, feelings, or beliefs 
about a particular issue embodied in the learning activities [1]. All three of these competencies can be built 
through a scientific approach by using inquiry-based learning. 

Inquiry-based learning is one method of learning centered on students who can improve learning 
outcomes of students, especially the development of higher skill. In other words, inquiry-based learning 
can strengthen the relationship between learning in the classroom theory with practical activities in the 
laboratory [2]. Inquiry-based learning is one of suitable method to apply in learning chemistry because the 
model facilitates the students to actively carry out an investigation in the lab activities. Inquiry-based 
activity involving a series of practical dimensions of knowledge students related components conceptual, 
procedural, and operational [3]. These three components can be obtained through practical activities that 
are supported by the use of science process skills. 

Science process skills are intellectual skills that can be practiced, studied and developed by students 
through a learning process, so it makes students better prepared to face the challenges of the 21

st
 century 

learning [4]. Science process skills need to be applied to students because it indirectly will involve them in 
different activities and be able to direct their inquiry to apply basic science process skills and integrated [5]. 
These results are reinforced by the opinions Yakar [6] who argued that science process skills-based 
learning can also increase the positive attitude of students towards science. Thus, science process skill is 
able to accommodate aspects of knowledge, skills, as well as scientific attitude of the students in an 
integrated manner. 

Competence in the science process skills should be seen as an instrument that will help students to 
acquire knowledge and understanding of how knowledge is acquired [7]. In the context of learning, science 
process skills are not directly linked to the cognitive dimension [8]. The cognitive dimension includes the 
students’ ability to remembering, understanding, applying, analyzing, evaluating, and creating [9]. In 
general, the cognitive dimension in Bloom's taxonomy is divided into two levels of thinking, the low order 
thinking skills and high order thinking skills. Capabilities included in the low order thinking skills include 
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the ability of remembering, understanding, and applying. While the capabilities included in the high-level 
thinking skills include the ability of analyzing, evaluating, and creating [10]. One of high-level thinking 
skill needed to support students' academic success in the 21

st
 century is the analytical thinking ability. 

Analytical thinking is the thinking skills needed by students to understand the elements or holistic view. 
Analytical thinking is required to understand the interactions that occur between elements simultaneously 
connect these elements in a system in a comprehensive manner [11]. Analytical thinking is often used to 
solve complex problems and then make logical decisions based on the information obtained. A major 
component in analytical thinking consists of the ability to understand, analyze, and evaluate arguments. 
These components can be presented in the form of items that represent a problem. Then the problem is 
solved using a variety of approaches in the form of answers that need solving the problem in depth. Types 
of problems that have the ability to analyze are often used to measure the high order thinking skill 
accordance Bloom's taxonomy. 

In the process of learning the need for the continuous assessment that teachers and students know the 
extent of achievement of the learning materials they have done. The principles in the assessment need to be 
done in order to provide a more optimal result in further learning. Assessment dimensions of cognitive and 
psychomotor will be more effective when carried out using an integrated assessment instruments. 
Integrated assessment is defined as a form of assessment involving all kinds of different assessment, such 
as written assessment (theory) and demonstration (practice) together with the aim to determine the 
competency of students [12]. In other words, the integrated assessment is an assessment that integrates the 
analytical thinking once science process skills together. 

Assessment analytical thinking and science process skills can be done using a written test. One type of 
assessment using a form of written tests is a essay test. Essay test is a test that requires students to express 
the power of reason, so that the answers given will indicate the ability of complex thought. Scoring essay 
test can be done based on the quality of answers in every step of the completion of the given [13]. 
Excellence essay test form which capable of measuring the power of thought and the various aspects of the 
science process skills of students, so the essay test has the potential to be developed as an assessment 
instrument analytical thinking and science process skills. Therefore, the analytical thinking and science 
process skills need to be taught to students early in order to help students solve problems in meeting the 
challenges of the 21

st
 century chemistry learning. 

In order to teach and assess the skills and abilities of students effectively, then the teacher must have an 
understanding of the operational and adequate conceptual about analytical thinking  and science process 
skills [14]. If teachers have a low understanding of the analytical thinking  and science process skills, then 
the possibility of science process skills teachers teach and analytical thinking will also be low. Such 
conditions would have a negative impact on the ability and skills of students in solving problems. Low 
science process skills will affect the analytical thinking of students in achieving academic success. This is 
because the conditions associated with the academic success of science process skills [15-21]. Students 
who are less trained science process skills are less likely to have good success [15]. Therefore, analytical 
thinking  and science process skills needs to be assessed and taught to students early on so they trained in 
dealing with various problems in learning and the environment. 

II. RESEARCH METHOD 

This study used a qualitative approach with descriptive research. Qualitative research is research that 
describes and explains the experience, behaviors, interactions, and social context without actually using 
statistical procedures or quantification [22]. Qualitative research can use several techniques of data 
collection, which includes interviews, observation, and an open questionnaire [23]. The questionnaire is 
one of the main sources for obtaining data in the study. The questionnaire used in this study is a kind of 
open-ended questionnaire consisting of five questions. 

The research was conducted on September 5 to 19, 2015. The subjects were five chemistry teachers of 
XI IPA classes of five Senior High Schools in Yogyakarta with between 6-28 years of teaching experience. 
Sampling was done by purposive sampling by considering school rankings (high, medium, and low) 
according to national test results for the senior high school (SMA/MA) grader to chemical subjects in 
2015. The research subjects include MA Negeri 1 Yogyakarta, SMA Negeri 2 Yogyakarta, SMA negeri 4 
Yogyakarta, SMA Negeri 6 Yogyakarta, and SMA Negeri 10 Yogyakarta. Any number of participants 
used in qualitative research is valid data as a source of information [24]. 

III. RESULTS AND DISCUSSIONS 

In this study, the instrument used to collect data about the chemistry teachers' abilities in measuring 
analytical thinking and science process skills consists of 5 questions open-ended questionnaire. The 
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questionnaire was given to five chemistry teacher which has a long teaching qualification more than 5 
years. Reasons were selected based on the assumption that teachers are experienced in teaching, so it has a 
good knowledge of the chemical material, in particular the rate of reaction material. The fifth question 
relates to the ownership of the assessment instrument, how to conduct the assessment in practical activities, 
and the use of scoring guidelines in practical activities. In general, the results of the study are described as 
follows. 

A. Assessment Instrument 

Assessment instrument is a tool used to measure comprehension, mastery, and to apply the specific-
scientific topic or concept that has been done by students accurately [25]. The item in the questionnaire 
relating to the ownership of assessment instruments contained in the questions 1 and 2. 

1) Question 1 
Do you already have an integrated assessment instrument to measure students’ analytical thinking and 

science process skills during practical work in a laboratory? 

Based on question 1, the result that most teachers do not have an assessment instrument is to measure 
students’ analytical thinking and science process skills during practical work in a laboratory. Ratings used 
to be limited on the skill and mastery of the material at the time of preparation of the practicum. In 
addition, the assessment instruments used do not measure the abilities and skills of students in detail or 
only in outline. The impact when the measurement capabilities and analytical thinking are not using 
science process skills assessment instrument is the result obtained is not accurate. In addition, the 
assessment has been carried out allowing the element of subjectivity assessors to students. One example of 
the results of the questionnaires by the teacher in the question 1 is presented in Fig. 1. 

 

Figure 1. Teachers’ Response to the Question 1 

2) Question 2 
Are the chemistry laboratory activities that you do already use integrated assessment instrument? 

Integrated assessment is a form of assessment involving all kinds of different assessment, such as 
assessment of the analytical thinking and science process skills together with the aim to determine the 
competency of students. Based on question 2, showed that the vast majority of teachers do not use the 
integrated assessment instrument during chemistry laboratory activities. It is seen from the activities of 
teachers who only use direct observation in assessing the practical activity regardless of the indicators 
contained in process skills. In addition, the measurement of the analytical thinking is not optimal, and the 
measurement is performed separately from the practicum. One example of the results of the questionnaires 
by the teacher in the question 2 is presented in Fig. 2. 

 

Figure 2. Teachers’ Response to the Question 2 

Cognitive dimension measurement performed by the teacher using a presentation about the still 
dominant limited remembering, understanding, and applying. It will actually make the ability of students is 
only used to resolve low-level cognitive problems. In fact, the analytical thinking is a high-level cognitive 
that can be achieved after the students master the low-level cognitive as to remembering, understanding, 
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and applying. The problems arise because teachers are yet to optimize the analytical thinking and science 
process skills in the learning process. In addition, science process skills are rarely taught in laboratory 
activities because teachers assume that students can acquire these skills through practical experience in the 
laboratory by itself [26]. Thus, students will not have a clear concept in carrying out laboratory work skills. 

B. Practical Activity Assessment 

Assessment is a way of practical activities undertaken by teachers to obtain relevant information in 
practical activities. The results obtained in the assessment of practical activities used to determine learning 
outcomes, the specific individual circumstances, and improve the learning process have been done. The 
success of practical activities will be evaluated based on the findings or obstacles which were acquired 
during previous practical activities. In general, the items in the questionnaire relating to how to vote in the 
lab activities are in the question number 3 and 4. 

1) Question 3 
Does each measurement chemistry laboratory activity that you do already use integrated assessment 

instrument that is different between the material with each other? 

Based on question 3, the result that most of the teachers do not use the integrated assessment instrument 
that is different between the material with each other at the time of measurement chemistry laboratory 
activities. In general, teachers assess practical activities based on reports from the lab that has been done by 
students. In addition, the practicum is only just taken from the final stage of practical activities. Thus, the 
assessment of practical activities between the subject matter of which one with the other is not done using 
the integrated assessment instruments. One example of the results of the questionnaires by the teacher in 
question 3 is presented in Fig. 3. 

 

Figure 3. Teachers’ Response to the Question 3 

2) Question 4 
How is the way you assess cognitive and psychomotor students integrated during chemistry laboratory 

activities? 

Based on question 4, the result that often teachers assess the cognitive and psychomotor is separately. 
Assessment of cognitive ability is based on the results of the lab report made by students, whereas 
psychomotor assessed by observation during the practical work in a laboratory. In practice, teachers only 
judge about discipline and cooperation of students when carrying out practical work. This leads to an 
assessment of the learning outcomes of students performed less effective and efficient, both in the 
planning, implementing, and reporting. Moreover, teachers will have more work to the assessment and 
administration of students’ learning outcomes. One example of the results of the questionnaires by the 
teacher in the question 4 is presented in Fig. 4. 

 

Figure 4. Teachers’ Response to the Question 4 
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C. Scoring Guidelines 

The scoring guidelines is a guidelines in determining the score of the work of students in an objective 
and accountable. Scoring guidelines is important to be prepared as well as possible by teachers using clear 
measures in order to provide an authentic score of answers to students [27]. The item in the questionnaire 
related to the use of scoring in the practicum guidelines contained in question 5. 

1) Question 5 
Do you have scoring guidelines for integrated assessment instrument between the cognitive and 

psychomotor? 

Based on question 5, the result that most teachers do not all have the scoring guidelines for integrated 
assessment instrument between cognitive and psychomotor aspects. Teachers find it difficult to design and 
develop guidelines for scoring the assessment tool is integrated between cognitive and psychomotor 
aspects. The difficulties appear due to lack of teacher knowledge about the correct preparation of scoring 
guidelines. In this case, this section serves as a guide for scoring results and increasing objectivity in 
scoring. In addition, the guidelines need to be made scoring with a clear indication that the inspection of 
students’ work can be done with the same standard. If teachers do not have the scoring guidelines on 
cognitive and psychomotor aspects in an integrated manner, the assessment has not been conducted 
objectively. This is contrary to the Regulation of the Minister of Education and Culture No. 66 of 2013 
about standard assessment in education which states that the principles of such assessment must be 
integrated, economical, and objective [28]. One example of the results of the questionnaires by the teacher 
in the question 5 is presented in Fig. 5. 

 

Figure 5. Teachers’ Response to the Question 5 

Practical activity requires an assessment instrument to be able to measure the students across the ability 
or competence should be measured precisely. Assessment instruments need to be designed according to the 
indicators of learning materials that are the standard of competence and basic competence in the applicable 
curriculum. However, the fact the teacher has not had an integrated assessment instrument to measure the 
analytical thinking and science process skills during chemistry laboratory activities. In addition, assessment 
also needs scoring guidelines in order to maintain consistency in the scoring gives a score for each job 
students. Scoring guidelines need to be prepared to use measures which systematically appropriate 
measures in order to facilitate the process of workmanship matter of scoring learning outcomes and avoid 
bias. Based on the research that has been conducted shows that teachers are also not entirely have the 
scoring guidelines for integrated assessment instrument between cognitive and psychomotor aspects. 

Although teachers are the subject of the research has a relatively long teaching experience, but that 
experience does not necessarily indicate that their understanding in measuring the analytical thinking and 
science process skills considered good. Teachers realize that the old teaching is not necessarily able to 
improve control of their competence in carrying out a series of learning activities [29]. In practice, teachers 
focus on teaching to complete the syllabus content and deliver information in order to prepare students for 
public examinations [30]. This causes less teacher attention to the aspects that should be assessed in 
practical activities. 

The level of understanding and mastery of teachers’ science process skills are also associated with the 
level of understanding and mastery of students’ science process skills [3]. Teachers who lack the 
conceptual knowledge of the science process skills will use the strategy of inquiry learning, so they will not 
emphasize these skills in the classroom [31]. Although they carry out practical activities, however, teachers 
have no knowledge of the underlying conceptual skills [32]. Thus, analytical thinking and science process 
skills owned by students will tend to be low. Low analytical thinking and science process skills will result 
in the inability of students in solving problems that require a high level of analytical thinking skills. Further 
impact that would adversely affect the students are led to the unpreparedness of students for the challenges 
of the 21

st
 century chemistry learning increasingly complex. 
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IV. CONCLUSIONS AND SUGGESTIONS 

The result of the qualitative-descriptive analyze shows that: 1) some of the subject research teachers do 
not have the assessment instrument, 2) assessment laboratory activities have not using the assessment 
instrument, and 3) assessment instrument is not equipped with standard scoring guidelines. On the other 
hand, the chemistry teachers’ ability in measuring analitycal thinking and science process skills is low. 
Therefore, chemistry teachers should be improved their ability in measuring analitycal thinking and science 
process skills through composing standardized test. 
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