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ABSTRACT 

This paper aims to determine the weaknesses of critical thinking skills and student responses to the use of google 

form as a medium for providing two-tier diagnostic tests to class XI students at SMA UII Yogyakarta on optical 

instrument material. The characteristics of the two-tier diagnostic test items used are valid and reliable. The 

research method used is descriptive qualitative. The subjects in this study were 20 students of class XI MIA at 

SMA UII Yogyakarta. The results of students' critical thinking skills on optical instrument material are in the 

medium category. Student responses to the use of google form as a medium computer based test for providing 

two-tier diagnostic tests to identify weaknesses in critical thinking skills are included in the high category. 
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1. INTRODUCTION 

Thinking skills in learning can determine the 

quality of student learning outcomes. Students not 

only develop low-level thinking skills (LOTS), but 

must develop higher-order thinking skills (HOTS). 

One of the goals of the global curriculum is to develop 

higher order thinking skills of students [1]. High-level 

skills are divided into 7 skills: (1) critical thinking (2) 

creativity (3) communication (4) career collaboration 

and independent learning (5) cross-cultural 

understanding and (6) computing / literacy [2]. Critical 

thinking skills can be used by students to solve 

problems faced, especially in learning physics. Critical 

thinking skills of students can evaluate statements, 

explain a thought, and can make decisions [3]. Critical 

thinking skills can be used to consider results and 

reconstruct thinking for the better [4]. 

Critical thinking skills can be measured by 

conducting an assessment. Assessment is used to find 

out the abilities or weaknesses of students. The 

purpose of assessment as a selection tool is a way of 

diagnosing strengths and weaknesses [5]. Assessment 

can be used to determine the purpose of the methods 

used in teaching and can provide guidance and guide 

them to overcome existing deficiencies [6]. 

Assessment using diagnostic tests can determine 

the abilities of students. Diagnostic tests are able to 

diagnose every attribute starting from reading, 

interpreting keywords, making conclusions from 

existing questions or statements [7]. A good diagnostic 

test can be used to provide information about 

misunderstandings, weaknesses, and how students 

think. Through diagnostic tests, information about 

basic abilities and learning difficulties can be obtained 

from students [8] and be able to find a deeper 

understanding of how learners think about answering 

questions even though their answers are wrong [9].  

The questions on the diagnostic test can be in the 

form of reasoned multiple choice questions or what is 

commonly called a two-tier test. It aims to encourage 

students to express / choose reasons from the answers 

they choose for physics problems [10]. Multiple 

choice diagnostic tests are efficient, easy to use, and a 

person is less affected by certain multiple choice  

answers  [11].  The identification of students' strengths 

or abilities is estimated to be more accurate using a two 

tier diagnostic instrument rather than a one tier 
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diagnostic test. [12]. A reliable and valid measuring 

tool investigating student conceptual understanding 

and misconceptions can be developed two-tier tests 

[8]. 

During a pandemic like this time, the test can be 

carried out online via a website and in the form of a 

Computer Based Test (CBT). Online or computer-

based tests have advantages, namely that they are easy 

to access, the results of these tests are immediately 

known, and are more efficient [13].  Assessment using 

Paper Based Test (PBT) is slowly being replaced by 

computer-based assessments [14]. Google form can be 

used to create CBT.  

Google forms can be used as a forum for 

conducting surveys, providing quizzes, or collecting 

data quickly and more efficiently. For teachers, 

learning using Google Form is quite efficient and easy, 

both in terms of time, cost, and energy as a media for 

evaluation. For students, evaluating learning using 

google form media is also more interesting and fun 

[15]. Google forms also has its drawbacks. system 

efficiency and convenience of online test takers need 

to be considered when online tests are conducted [16]. 

The availability of a stable internet connection also 

needs attention [17]. 

The main of physics subjects used in this research 

is the subject matter of optical devices in class XI 

SMA/MA. Based on the results of questions and 

answers conducted on physics teachers in schools, the 

students felt that the optical instrument material was 

still difficult for students, for example in representing 

the description of the questions into image analysis 

and the difficulty in determining the relationship of the 

optical instrument in the problem. There are many 

difficulties in studying optical geometric materials, 

such as the concepts of reflection and refraction [18] 

and the formation of images from reflection and 

refraction events [19]. 

Identify weaknesses in critical thinking skills can 

use two-tier diagnostic test questions. Google form 

can be used as a media for giving test questions to 

students. 

2. METHOD  

This paper is a descriptive qualitative research. The 

instrument used was a two-tier diagnostic test to 

identify weaknesses in critical thinking skills with 

optical instrument. The test instrument consists of 8 

two-tier or two-tier multiple choice questions arranged 

in google form. The question instrument used was 

valid and reliable and the google form instrument was 

validated by experts. 

The validity of an instrument can be seen after the 

instrument has been assessed by an expert, and the 

results of the assessment are calculated using the 

Aiken's V formula. The validation results are 

calculated by the following equation: 

s
V=

[n(c-1)]


 (1) 

Where s = r - lo,  lo = the lowest validity score (in 

this case 1), c = highest validity rating (in this case 3), 

r = score given by the validator, n = number of 

validators, V= Aiken's V score. Aiken's V score is 

converted based on Table 1. 

Table 1. Product criteria 

Interval score Criteria 

0,8 < V ≤ 1 Very Good 

0,6 < V ≤ 0,8 Good 

0,4 < V ≤ 0,6 Moderate 

0,2 < V ≤ 0,4 Low 
 

 
Student scores can be categorized by changing 

them in percentage terms. The equation used to 

calculate the percentage of critical thinking skills can 

use the following equation: 

X
X= ×100%

n


 (2) 

Where X̅ = score percentage, ΣX = score obtained, 

and n = maximum score. Converting the results from 

the percentage analysis of students' critical thinking 

skills by using the categories in Table 2 [20]. 

Table 2. Rating category 

Result Percentage Range (%) Category 

80 ≤ x ≤ 100 Very Good 

60 ≤ x ˂ 80 Good 

40 ≤ x ˂ 60 Moderate 

20 ≤ x ˂ 40 Low 

0 ≤ x ˂ 20 Very Low 

 
The student response questionnaire consists of 

nine criteria that students must score from the google 

form media. To calculate the percentage of total score 

per item on student response data, the equation can be 

used: 

i

X
P= ×100%

X




  (3) 
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P = percentage of score, ΣX = the total score of 

each item, ΣXi = the ideal number of scores. To 

calculate the percentage of the total response data 

students can use the following equation: 

total

P
P =

n


 (4) 

Ptotal= percentage of total responses, ΣP = total 

percentage of score, n = number of items / statements. 

The percentage result can be converted based on Table 

3 [21]. 

Table 3. The percentage of students' responses 

Result Percentage Range (%) Category 

80 ≤ x ≤ 100 Very Good 

60 ≤ x ˂ 80 Good 

40 ≤ x ˂ 60 Moderate 

20 ≤ x ˂ 40 Low 

0 ≤ x ˂ 20 Very Low 

3.  RESULTS AND DISCUSSION  

3.1. Results 

This study uses two-tier diagnostic test questions 

as shown in Figure 1 and google form as a medium for 

giving questions as shown in Figure 2.  

 

 

Figure 1 Two-tier diagnostic test questions 

 

Figure 2 Google form 

Data analysis on students' critical thinking skills on 

optical instrument can be seen in Table 4. The results 

of students' responses to google form media as a two-

tier diagnostic test media are in Table 5. 
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Table 4. The results of the analysis of critical thinking skills 

Aspect Critical Thinking Indicators 
Percentage of 
Student Answers 

Category 

Give a simple 
explanation 

Identify / formulate questions based on events in 
everyday life 

52,50 % Moderate 

Analyze statements and determine the similarities or 
differences of a given event 

50,00 % Moderate 

Build basic 
skills 

Testing / examining sections that can be considered 
to be trustworthy (or untrustworthy) based on the text 
of the argument, advertisement, or experiment and its 
interpretation, and provide reasons why 

42,50 % Moderate 

Consider the possibilities based on observations and 
provide reasons 

42,50 % Moderate 

Conclude 

Make specific conclusions by interpreting general 
statements / conclusions 

47,50 % Moderate 

Make general conclusions by generalizing some 
special events / statements 

45,00 % Moderate 

Provide further 
explanation 

Identify / consider a definition and identify further 
assumptions / reasons 

35,00 % Low 

Set strategy 
and tactics 

Make decisions based on strategies and solutions 
and formulate appropriate alternatives 

35,00 % Low 
 

Table 5. Results of students' responses to google form  

No Category Percentage score 

1 The test display with google form is interesting 90,00% 
2 The image in the test with google form is clear 95,00% 
3 The image in the test with google form is easy to understand 88,33% 
4 The use of language in the test with google form is easy to understand 78,33% 
5 The material in the test using google form is in accordance with the optical 

instrument theme 
96,67% 

6 Test with google form is easily accessible 95,00% 
7 The test with google form is practical to use 91,67% 
8 General instructions for using the test using google form are clearly displayed 85,00% 
9 The test with google form can help find out skills and weaknesses in mastery of 

optical instrument 
93,33% 

Total percentage score 90,37% 
 

 

3.2.  Discussion 

The weakness of critical thinking skills identified 

in this study was carried out in class XI MIA SMA UII 

Yogyakarta by using two-tier diagnostic test questions 

and using google form as the question-giving medium. 

The two-tier diagnostic test questions used have been 

validated and the results are valid. The reliability score 

of the two-tier diagnostic test item is 0.71 which can 

be said to be moderate [22]. 

Table 4 shows the results of the analysis of the 

aspects of critical thinking skills of class XI SMA UII 

Yogyakarta. In the aspect of providing a simple 

explanation, there are two indicators. In the first 

indicator, the results are 52.50% in the medium 

category, meaning that some students can formulate 

questions in the bending of light. In the second 

indicator, the results are 50.00% in the moderate 

category, meaning that students can analyze 

statements in the relationship between the refractive 

index to the angle come and bias angle. These results 

indicate that some students can provide simple 

explanations for the problems of the questions given. 

In the aspect of building basic skills, there are two 

indicators. In the first indicator, the results are 42.50% 

in the medium category, meaning that some students 

can test the image formation experiment on the lens. 

In the second indicator, the result is 42.50% with a 

moderate category, meaning that some students can 

consider observations in visual disturbances. These 

results indicate that some students can build basic 

skills based on arguments and observations. 

In the concluding aspect, there are two indicators. 

In the first indicator, the result is 47.50% in the 

medium category, which means that some students can 

make special conclusions in the reflection on a flat 
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mirror. In the second indicator, the results get 45.00% 

in the medium category, which means that some 

students can make general conclusions in the process 

of entering light into the eye. 

In the aspect of providing further explanation, the 

indicator gets a result of 35.00% with a low category 

meaning that most students cannot identify 

assumptions about deflection of light. 

In the aspect of managing strategies and tactics, the 

indicator gets a result of 35.00% with a low category 

meaning that most students cannot make decisions 

based on strategies and solutions in shadow formation. 

In this study using questions that have been 

validated. Based on table 4, it can be seen that the 

critical thinking skills of students in optical material 

are still classified as moderate, with an average of 

43.75%. The abilities possessed by students are still in 

this category because students are less in analyzing a 

problem and less in concluding a problem. Students 

usually do not go through analytical steps to solve 

problems [23].  

Based on the data obtained from the data 

processing that has been done, it shows that the critical 

thinking abilities of students are classified as moderate 

or moderate. This is influenced by several factors, 

including the learning methods used by the teacher, the 

facilities and learning resources used, and the 

motivation and readiness of students in the learning 

process. 

The media used in this study is a google form as 

shown in Figure 1. The use of google form aims to 

facilitate data collection, filling in questions and 

students can find out the answers and test results 

immediately after working on the test. The validation 

results of the google form media which are used as a 

forum for giving questions to students are in the form 

of Aiken's V score of 1. This score states that google 

form media is very good to be given for computer-

based test media (CBT). 

The results of the questionnaire responses of 

students to the Google Form media also showed a very 

high percentage score of 90.37%. This score states that 

students who use google form media can clearly 

understand and use it. For students, evaluating 

learning using google form media is also more 

interesting and fun. Learning evaluation conducted 

using google form media is suitable for use as a 

learning evaluation media [15]. This research can be 

developed by using the results as a research 

background to improve the critical thinking skills of 

students. 

4.  CONCLUSION 

The critical thinking skills of students at SMA UII 

Yogyakarta class XI are in the moderate category on 

optical instrument. Based on the research results, the 

highest critical thinking skills in the aspect of 

providing simple explanations. The lowest critical 

thinking skills are in the aspect of providing further 

explanation and arranging strategies and tactics. 

Student responses were very high towards the use of 

google forms in identifying critical thinking skills 

using a two-level diagnostic test. A two-level 

diagnostic test using google form can be used to 

identify students' critical thinking skills. 
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