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Abstract—This research aims to combine assessment of creative and crit-
ical thinking in a mobile device context, to see its effect on the creative and 
critical thinking of students. Design-based research as the method was used to 
develop the assessment as learning. It is begun with the assessment model and 
android application development, also experiments in the end. Three assessment 
sessions are participated by 46 students. The analysis using Kruskal Wallis gains 
the result that there are significant differences in the creative thinking (Chi-
square 18.245, Asymp. Sig 0.000) and the critical thinking (Chi-square 7.620. 
Asymp. Sig 0.022). A significant difference in creative thinking is seen since the 
 second session, while the difference in critical thinking needs the time up to the 
third session.

Keywords—creative thinking, critical thinking, mobile-based assessment, 
assessment as learning

1 Introduction

The challenge of the students in the 21st century, which is also a skill deemed to be 
very important by many researchers and teachers is how the students can think cre-
atively and critically [1]. Both skills are also important in preparing the students to 
enter the professional world as well as for the future [2]. Creative thinking is a skill of 
using the imagination to explore new ways to generate innovation [3], while critical 
thinking is a skill of proving a point using a strong analysis to solve a problem [4]. 
Although it seems to be the opposite of each other, the two skills are intersecting and 
complete one another [3]. If one only thinks critically, then the alternative they create 
may not be varied. Also, if one only thinks creatively, then the solution created may not 
answer the problem.

The assessment is necessary to find out whether a student has been on a certain level 
in terms of creative and critical thinking. Previously, if one wants to measure creative 
and critical thinking, then two partial instruments are needed. For example, measuring 
creative thinking, it needs the Instrument Torrance Test of Creative Thinking (TTCT) 
[5][6], and for critical thinking, it uses the California Critical Thinking  Disposition 
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Inventory (CCTDI) [7]. The combination of the two assessments here is very  reasonable 
since the two skills are completing each other. Creative and critical thinking has a 
medium correlation [8] and is also positively correlated [9]. 

A mobile application can be used for the educational environment [10] and growing 
fast [11]. This research uses mobile application with the Android operating system to 
deliver the assessment considering the majority of the subjects own an android smart-
phone (91.5%) so that “bring your own device” can be applied [12] and teachers do 
not need to provide any device to facilitate this assessment. The assessment approach 
is assessment as learning, so it is used more as a self-reflection [13]. More specifically, 
the following research question was identified:

RQ1: Does the developed mobile-based assessment affect students’ Creative Thinking?
RQ2: Does the developed mobile-based assessment affect students’ Critical Thinking?

2 Literature review

2.1 Creative thinking 

The research on the assessment of creative thinking that is specialized on the  students 
has been done by Karpova et al [14] Involves students from various majors by using 
the existing instrument, which is the Torrance Test of Creative Thinking (TTCT) figural 
form. On the TTCT, Torrance uses Flexibility, Originality, Fluency, and Elaboration as 
the sub-test [15].

Meanwhile, Moffat et al [16] involve the design students in the “serious game 
design” subject by developing the framework themselves where they can gain the score 
of their creativity. Besides, the partners can also gain knowledge together while scor-
ing each other. This type of scoring is classified as an “assessment as learning”. The 
instrument that is also developed by oneself is the Widening-Connecting-Reorganiz-
ing (WCR) by Pizzingrilli et al [17]. Meanwhile, Lipman [18] mentions Imaginative, 
Holistic, Inventive, and Generative as the sub-variable of creative thinking. 

2.2 Critical thinking 

The research on the assessment of critical thinking that is done upon the students as 
the subjects that are developed by Reynders et al [19] created the ELIPSS Rubrics that 
is aimed at the students of STEM. The rubric is the scoring in points of 1, 3, or 5 accord-
ing to the condition that is described on the rubric in every of the following factor: Eval-
uating, Analyzing, Synthesizing, and Arguments (Structure & Validity). Besides, with 
the subjects of the students from various backgrounds, Liu et al [20] Test the validity 
and reliability of the instruments of HEIghtenTM, where the result is adequate whether 
in the level of group or individual. Meanwhile, Rickles et al [21] use Structure of the 
Observed Learning Outcome (SOLO) Taxonomy as the scoring rubric for the students 
of Sociology to score the critical thinking in writing or even when in-class discussion.

On critical thinking, Watson & Glaser [22] mentions recognizing assumption, eval-
uating arguments, and drawing conclusions, also known as RED as sub-variables. 
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Davies [23] Divides critical thinking into cognitive elements (argumentation, inference 
 making, and reflective judgment) and prosperity (disposition, abilities, and attitudes). 
Then, Facione [24] mentions that the following sub-variables are critical thinking 
 elements: analysis, evaluation, inference, and explanation. 

2.3 Mobile-based assessment

The mobile phone is one of the devices that belongs to almost every student in Indo-
nesia because of the affordable price for all layers of society [25]. The experiment of the 
mobile-based assessment has been done on students of law major where the students 
show a positive attitude in interacting with the mobile application [26]. Besides, there 
is also research done on computer major in the form of the development of Mobile 
Response System (MRS) that facilitate the scoring of the problem-solving activities 
interactively [27]. 

Mobile-based assessment has the strength since the size of the compact mobile 
device allows students to apply the “bring your own device” [12]. Similar to the other 
online-based assessment, the mobile-based assessment can be designed with rich 
visuals [28] and the most important thing is that it can simplify the management of 
the test [29]. Various types of assessment are now able to be done with the help of the 
mobile device, the students can even cross evaluate with the other students [30]. Most 
of the respondents think positively of this mobile-based assessment because it is easy 
to use. However, being disconnected from the internet in the middle of the assessment 
becomes a note in itself [31].

3 Method

This research uses Design-Based Research (DBR) as the method. The research pro-
cedure consists of 3 phases that are adapted from the research of Ulfa et al [32] also 
uses DBR, the phases are illustrated in Figure 1.

The first phase focuses on the development of the assessment model where the out-
put is a question bank that is valid and reliable, the questions also provide a timer and 
score shown based on the level of difficulties. In this phase determining the subtest 
variable based on the literature review. Generating the questions items are limited to 
objective test questions, it can be in the form of multiple choices, grouping, matching, 
sorting, and another type of questions. Validating the content from the experts consists 
of 3 lecturers with research interest in creative and critical thinking also the minimum 
qualification of a doctoral degree. Every question item will be classified into three 
categories of invalid, revision required, and valid. On instrument testing to the limited 
subject, try out is conducted to about 30 students through Google Forms and it will be 
conducted in several sessions. The score will be used to analyze the validity using Pear-
son Correlation (<5%), reliability with Cronbach’s Alpha (>0.6), and level of difficulty 
by identifying the Mean value (0–0.33: hard, 0.34–0.66: medium, 0.67–1: easy). Only 
valid and reliable items are used for the next phase.
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Fig. 1. Research procedure

The second phase is the development of the mobile application by referring to the 
model developed in the previous phase. In the final part of this phase, scoring by the 
users is done to see whether it needs some revision or not, so that the final application 
is ready to use publicly. After respondents used the application, they answered indica-
tors with 5-points Likert scales on Google Forms (very less to very good). The mean 
of all indicators is used to categorize the validity of the mobile applications. Less than 
20 Very Invalid and 20.1–40 Invalid (cannot be used), 40.1–60 Less Valid (can be used 
but needs major revision), 60.1–80 Valid (can be used but needs minor revision), and 
80.1–100 Very Valid (can be used without revision).

The final phase is the experiment using the mobile application developed that is 
conducted in three sessions of assessment so that one can see whether there is an inten-
sity influence on the score of creative and critical thinking. It was started by inviting 
students from various universities to participate as respondents. Invitations are sent via 
WhatsApp groups and Social Media. Participating students are limited to those who are 
active students. Verification is needed by matching the data in the national higher edu-
cation database so that the respondents who take part in the experiment are truly valid. 
Experiments were carried out in 3 sessions to see how the progress of creative and 
critical thinking and whether there were significant differences from session to session. 
Manova can be used to see the effect on several variables. An alternative to Manova if 
the data is not normally distributed and the variation is not homogeneous, then the test 
is carried out non-parametrically with Kruskal Wallis. After answering the hypothesis, 
it can be explored further by a post hoc test.
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4 Result and discussion

4.1 Development of assessment model 

The determination of creative thinking refers to three main sources, those are 
Lipman, Torrance in Rad et al and Pizzingrilli & Antonietti. The three sub-tests that 
resulted are the Parse (C1), Deviate (C2), and Modify (C3). The interrelation with the 
references is illustrated in Figure 2.

Fig. 2. Construct of creative thinking

While for critical thinking, it refers to the three main sources, are Facione, Watson 
& Glaser, dan Davies. The three sub-tests results are Verify (C1), Compare (C5), and 
Conclude (C6). The interrelation with the references is illustrated in Figure 3.
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Fig. 3. Construct of critical thinking

There are 8 objective-type questions, which are taken from the question bank ran-
domly for each sub-test so that there are 240 questions prepared that are then evaluated 
in terms of content validity by 3 experts in the topic of creative and critical thinking. 
Every sub-test has a different question that is adjusted to the characteristics of the vari-
able that will be built. Parse (C1) uses selection type of question, Deviate (C2) uses 
multiple-choice, Modify (C3) uses matching, Verify (C4) uses true-false, Compare 
(C5) uses arranging sequence, and Conclude (C6) uses classifying. Based on the scor-
ing from the experts, 198 items (82.5%) are valid, yet 42 items (17.5%) require some 
correction before it is processed to the next phase of experimenting with the subjects. 
Table 1 contains the questions for each sub-test.

Table 1. Question samples

Item Question Answer Key

C1-2 Choose the best answers according to the result of the summation of numbers 
that are directly connected by the line. You may choose more than one answer 
among the options a, b, c, d, or e.

 a. 12 = 3+5+4 
 b. 12 = 1+4+2+5
 c. 12 = 5+2+6
 d. 12 = 3+1+3+5
 e. 12 = 2+1+5+4

a, b

(Continued)
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Table 1. Question samples (Continued)

Item Question Answer Key

C2-4 Choose the best answer that consists of an uncommon pair of words. Choose 
only one most appropriate answer among the options a, b, c, d, or e.
a. Brush – Shoes
b. Balloon – Air
c. Male – Female
d. Tent – Fly
e. Table – Wood

d

C3-2 Connect the choice of answer on the left to ones on the right which consist of 
the same numbers in a different order.

a1, a4, 
b2, b3, b5

  a

  b

  c

1. 

2. 

3. 

4. 

5. 

C4-20 Today, the evacuees are happy. Urgent support has been distributed in the 
neighboring village.
True or False?

False

C5-2 Compare and arrange the times below from the highest number of minutes to 
the lowest
1. 2 hours, 20 minutes, 10 seconds
2. 1 hour, 10 minutes, 15 seconds
3. 3 hours, 30 minutes, 50 seconds
4. 2 hours, 15 minutes, 40 seconds

3, 1, 4, 2

C6-4 A survey on beverage flavor was conducted by a producer for 100 people. 
There are only two flavors that received the most positive feedback are being 
produced. Determine which flavors will be produced and those that are not.
1. Lemon, 23 people approve
2. Strawberry, 56 people approve
3. Chocolate, 75 people approve
4. Manggo, 45 people approves
A. Being Produced
B. Not Being Produced

A (2, 3) 
B (1, 4)

The questions bank, which consists of 240 questions that have been corrected based 
on the expert evaluation, is then tested on the limited subjects through Google Forms. 
The participants are the students of Information Engineering at the Polytechnic of 
Hasnur, Southern Kalimantan, Indonesia. From 240 questions, then the test is divided 
into 4 sessions with 60 questions each with a 1-week gap. There are 31 participants 
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consisting of 16 male students (51.61%) and 15 female students (48.39%) who fol-
lowed all four sessions and can be used in the data analysis. After the validity analysis 
using Pearson Correlation Sig. (2-tailed) scores less than 5% and using Cronbach’s 
Alpha test that scores higher than 0.6, then 169 question items gained are the remain-
ing valid and reliable items (Table 2). The questions also have a timer and score that 
is calculated from the degree of difficulty, hard (mean 0 to 0.33), medium (mean 0.34 
to 0.66), and easy (mean 0.67 to 1). The category of hard is given a timer of 1 minute 
and 30 seconds and it also has a score of 3, the medium category is given the timer 
of 1 minute and has a score of 2, while the category of easy is given the timer of 45 
seconds and has the score of 1 if the answer is correct. There is an exception on Verify 
(C4) where there are only 6 items left, therefore on the implementation of the questions 
from this sub-test, all the items are going to be used without random choosing like the 
other sub-tests.

Table 2. Final questions

Sub Test Hard Medium Easy N

C1. Parse 21 7 – 28

C2. Deviate – 21 8 29

C3. Modify 4 25 10 39

C4. Verify 1 4 1 6

C5. Compare 9 24 1 34

C6. Conclude 3 25 5 33

Total 169

4.2 Development of mobile application 

Need analysis is adjusted with the assessment model that has been developed in the 
previous phase. The list of needs is arranged as follows:

Assessment Participants:

1. The Verified identity of the participants 
2. Assessment can be done repeatedly by the same participants/class
3. The tests consist of 6 types where each question are limited with a different timer 

and different score shown 
4. The score of the creative and critical thinking as well as the detailed score of the 

sub-tests
5. The top 3 scores of the participants of assessments are visible
6. The discussion of the answers which one is correct and false 

Evaluator/Assessment Owner:

1. Log in to see the assessment result that has been done by a group
2. Assessment can be made for a particular date
3. Choosing the question package of creative and critical thinking in Bahasa Indonesia 

or English
4. Adding the essay question out of the question package of creative and critical 

thinking
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Based on the needs mentioned above, then the android application is designed and 
developed and is downloadable through Google Play under the name of CC Thinker. 
Figure 4 here are several displays of the interface.

Fig. 4. Application interface

Usage testing by the students of various universities is conducted, involving the 
respondents that are not only from the students of the Information Engineering study 
program. The respondents are 47 students, 24 of them are males (51.06%) and 23 
of them are female (48.94%), 31 of them are from polytechnic (65.96%) and 16 of 
them are from universities (34.04%). They try and explore the features provided in the 
 application and then they are asked to fill in the scoring through Google Forms with 11 
indicators: (1). Ease of installation, (2). Ease of use, (3). Ease of search, (4). The pro-
cessing of the application, (5). Navigation to switch page, (6). Layout, (7). Texts read-
ability, (8). Picture quality, (9). Clarity of data graph, (10). Display aesthetics, and (11). 
Handling the wrong input.
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Fig. 5. Scoring on usage testing
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The accumulated average score of the indicator from all respondents gives the score 
of 80.66 which means that it falls into the category of Very Valid (80–100) so that the 
application can be used without the need for any revision. The highest scoring is given 
to the ease of installation with 87.23 and the lowest score, but still in the category of 
Good, is in the indicator of Handling on wrong input with the score of 71.06.

4.3 Experiment with three assessment sessions

The experiment is done using one group repeated measures design, where every 
respondent works on the assessment three times. The questions on every assessment 
are shown randomly by the system. 46 students follow all three assessment sessions, 
24 students are from Southern Kalimantan (52.17%), 12 students are from East Java 
(26.09%), and there rest 10 students are from various locations (21.74%). Meanwhile, 
15 students of which are pursuing associate degrees (32.6%), and 31 students are pur-
suing bachelor’s degrees (67.4%). The gender of the respondents is 24 students of them 
are male (52.2%) and 22 students are female (47.8%).

The score of creative thinking is calculated from the average score of C1, C2,  
and C3. Meanwhile, the critical thinking score is calculated from the average score 
of C4, C5, and C6. The result gained from the first session until the third session is 
shown in Table 3. There are improvements from each session to the next ones, either in 
 creative thinking or critical thinking. The average score the critical thinking is higher 
than creative thinking. Deviate (C2) is a sub-test of creative thinking with the highest 
score, and Conclude (C6) is a sub-test of critical thinking with the highest score. This 
result is consistent from the first session to the third session. The average score of 
the creative thinking from sessions 1 to 3 falls into the category of medium (50–75). 
 Meanwhile, the average score of critical thinking from sessions 1 to 2 falls into the 
category of medium and the third session falls into the category of high (>75).

Table 3. The average score of the creative and critical thinking

Session C1 C2 C3 C4 C5 C6 Creative Critical

1 67.37 70.54 41.12 62.14 68.96 78.74 59.68 69.95 

2 70.48 77.89 57.09 67.93 71.75 83.06 68.48 74.25 

3 74.23 83.00 63.93 75.18 71.18 84.30 73.72 76.89 

The normality test shows the data for critical thinking with Sig. 0.026 is lower than 
0.05, so it is not normally distributed. Kruskal Wallis is used to analyze data that is not 
normally distributed. Table 4 shows the presence of significant differences in creative 
thinking (Asymp Sig. 0.000) as well as in critical thinking (Asymp Sig. 0.022).

Table 4. Kruskal wallis statistics

Variable Chi-Square df Asymp. Sig.

Creative 18.245 2 0.000

Critical 7.620 2 0.022
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RQ1: Does the developed mobile-based assessment affect students’ Creative 
Thinking?

The post hoc was done to see deeper the comparison among sessions so that the 
significant difference was identified to happen in which session. In creative thinking, 
the significant difference happened since the second session (Figure 6). This shows 
that the influence of mobile-based assessment on creative thinking is stronger than on 
critical thinking.

Fig. 6. Post hoc kruskal wallis for creative thinking

RQ2: Does the developed mobile-based assessment affect students’ Creative 
Thinking?

However, in critical thinking, the significant difference occurred in a longer period, 
specifically needing time up to the third session (Figure 7). This shows that the influ-
ence of mobile-based assessment on critical thinking is lower than on critical thinking. 

Fig. 7. Post hoc kruskal wallis for critical thinking

5 Limitations of the study

In the assessment model development stage, the Verify (C4) items remaining after 
the validity and reliability test are only 6. Ideally, the number should be more than 
8 so that the questions that appear during the assessment can be randomized by the 
system. This research also requires comparison with other creative and critical thinking 
assessment instruments so that it can be seen whether the results tend to be the same 
in a subject. The measurement results for creative and critical thinking using mobile 
technology between men and women, or between science and art majors are also inter-
esting to study.
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6 Conclusion

The development of an assessment model in the form of an objective test with 169 
questions that have been tested on the validity and reliability. The questions also pro-
vide a timer and score shown based on the difficulty levels. The android application is 
then developed to deliver the questions. After the testing is done, the score gained is 
very valid, so that the application can be concluded to be used widely without the need 
for revision. Meanwhile, in the experiment phase, it gained the score that there are sig-
nificant differences in creative thinking and critical thinking so it can be concluded that 
the intensity of the application use affects the creative and critical thinking of the users. 
Significant differences in creative thinking is seen since the second session. On critical 
thinking, it needs the time up to the third session to show the significant differences.
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