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Introduction

Abstract: Critical thinking includes higher processes, such as analysis, synthesis,
evaluation, conclusion, and reflection. This research aims to determine the profile level
of students' critical thinking abilities. The research sample consisted of 28 students taken
by random sampling consisting of 2 classes. Data was obtained through test and non-test
techniques which included a critical thinking ability test using 20 questions. Meanwhile,
the non-test uses an observation sheet on students' critical thinking abilities. Analysis of
data obtained from the results of students' critical thinking skills tests was then analyzed
using analysis items with the Rasch model. The results of the profile analysis of students'
critical thinking skills were classified as moderate. This is proven by test results and
observations in basic biology courses. Based on the results of tests on students' critical
thinking skills, it is known that there are 16 students who have high levels of critical
thinking skills, 5 students with moderate critical thinking skills, and 6 students with
weak critical thinking skills. Meanwhile, the results of observations of the critical
thinking abilities of Bima Muhammadiyah University students in basic biology courses
are in the moderate critical thinking ability category with a category score of around
68.06%.
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as lectures which are still accommodated by teachers.
Traditional learning models like this cannot hone and

Critical thinking ability is a skill that students must
have. Critical thinking skills are proven to prepare
students to think about various fields of knowledge in
the cognitive domain (Rahman, 2018). According to
(Facione, 2011), critical thinking skills consist of 6
dimensions, namely interpretation, analysis, evaluation,
inference, explanation, and self-regulation. Meanwhile,
according to (Marzano et al., 2009; Perdana, Budiyono,
et al., 2019; Suyatman et al., 2021b, 2021a) that critical
thinking skills are part of higher order abilities (HOTS).
High-level thinking abilities must be empowered with
learning models that can empower students' high-level
thinking abilities.

One of the factors causing low critical thinking
skills is the use of conventional learning methods such
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develop students' critical thinking abilities (Nugraha et
al., 2017; Rahman, 2018; Sismayani et al., 2019; Sulistiani
etal., 2016). One learning model that can develop critical
thinking skills is the problem based learning model. PBL
is considered suitable for developing students' critical
thinking skills because this learning model trains and
emphasizes students to be actively involved (Nugraha et
al., 2017; Sismayani et al., 2019). According to Khoiri
(2013) said that problem based learning can improve
problem solving skills, critical and creative skills,
increase learning outcomes, communication skills, team
work, adaptation to new knowledge, and self-
evaluation.

The problem based learning model is a series of
learning activities that emphasize the process of solving
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problems faced scientifically. The problem based
learning model emphasizes curiosity (Suhirman et al.,
2021). PBL is active learning with an approach centered
on the problem solving process (Khoiri, 2013). This will
lead to meaningful learning (Abu-Ghaneema, 2018;
Jiménez-Aleixandre et al.,, 2018). The use of the PBL
model has proven to be much better than conventional
learning such as discussions and lectures (Darhim et al.,
2020). PBL can also improve critical thinking skills
(Kardoyo et al., 2020). Apart from improving critical
thinking skills, PBL can also improve speaking and
argumentation skills (Chumsukon et al., 2021; Kacar et
al., 2020; Nurtamara et al., 2019; Perdana, Jumadi, et al.,
2019). Critical thinking ability is a high level ability.
Therefore, to empower students' high-level thinking
abilities in biology courses, appropriate evaluation
instruments are needed to empower HOTS abilities.

The low critical thinking abilities of students are
also caused by the evaluation instruments used being
relatively unable to empower students' critical thinking
abilities. Therefore, there is a need for HOTS-based
instruments to empower students' critical thinking
skills, especially in biology courses. HOTS-based
instruments are believed to be able to empower high-
level thinking abilities, such as analytical thinking
abilities (Suyatman et al., 2021b), critical thinking
abilities (Thorndahl et al., 2020; van den Berg, 2004),
collaborative abilities and problem solving (Gunawan et
al,, 2020; Makitalo et al., 2009; Papadouris, 2012;
Shishigu et al., 2018), as well as innovative and creative
abilities (Burke et al., 2023; Marthaliakirana et al., 2022).

The development of a HOTS-based evaluation
instrument is expected to be able to empower students'
critical thinking abilities. Therefore, this research aims to
analyze the critical thinking ability profile of Bima
Muhammadiyah University students in biology courses
using a HOTS-based evaluation instrument.

Method

The research population was 85 students in the
nutrition study program, faculty of health, Bima
Muhammadiyah University. The research sample
involved 28 students taken by random sampling
consisting of 2 classes. Data was obtained through test
and non-test techniques which included a critical
thinking ability test using 20 question items. Meanwhile,
the non-test uses an observation sheet on students'
critical thinking abilities. Analysis of data obtained from
students' critical thinking skills test results was then
analyzed using item analysis with the Rasch model. The
validity of the test items was measured using the Rasch
model. According to Sumintono et al. (2015) items are
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declared valid or function normally in carrying out
measurements if they meet the criteria in Table 1.

Table 1. Criteria for Determining the Validity of
Question Items (Sumintono et al., 2015)

Aspect

Outfit mean square (MNSQ)
Outfit Z-standard (ZSTD)
Point Measur Correlation

Information

0.5<MNSQ<1.5
20<ZSTD<+2.0

0.4 < Pt Measure Correlation <
0.85

Question items are declared invalid or do not
function normally in carrying out measurements if they
do not meet one of the three criteria above. If this
happens then the question item is declared not good and
needs to be repaired or replaced.

Table 2. Cronbach's Alpha Value Criteria

Scale Interpretation
<05 Very Bad
0.5-0.6 Bad
0.6-0.7 Medium
0.7-0.8 Good
>0.8 Very good

Table 3. Criteria for Person Reliability and Item

Reliability Values

Scale Interpretation
<0.67 Weak
0.67-0.80 Enough
0.81-0.90 Good
0.91-0.94 Very Good
>0.94 Special

The observation stage is carried out after learning is
completed to determine the level of students' critical
thinking abilities. The results of observations of
students' critical thinking abilities were analyzed after
learning for 3 cycles. The formula for calculating the
value of a student's critical thinking ability level is as
follows:

P ~x100 % @)
Description:
P = Percentage (%)
F = Score obtained
N = Maximum score

Criteria for determining students' critical thinking
abilities, calculated based on the score obtained
according to (Suyatman et al.,, 2021a). Can be seen in
table 4.
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Table 4. Categories of Students' Critical Thinking
Abilities

Interpretation Score (%) Category
81.25 <X <100 Very High
71.50 < X <81.25 High
62.50 <X <71.50 Medium
43.75 <X <62.50 Low
0<X<43.75 Very Low

Result and Discussion

Student Critical Thinking Ability Test Results

Based on the results of the analysis, the item
reliability value is 0.83, Person Reliability is 0.00. which
shows that the question items have high reliability.
Meanwhile, Cronbach's Alpha value is 0.17 with weak
criteria. This means that the level of consistency in
students' answers is relatively low, and the quality of the
questions on the test instrument used has quite good
reliability, namely 0.83. It can be seen in Figure 1 below:

SUMMARY OF 2B MEASURED Person

6.8 -.85 BT JE4 -.5 1.48 -3
. 1.3 24 .87 1l.18 1.8 2172 1.6 |
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MIM. i.8 -1.85% 76 11 -1.8 de -1.7 |
........................................................................... |
| REAL RMSE 1.8 TRU .83 SEPARATION .88 Person RELTABILITY .88
|MODEL RMSE -B7 TRUE 5D 34 SEPARATION -39

|

Person RELTABILITY .13 |
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|
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| 5.0 18.4 2.44 21 15 7 o148 1.2 |
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| MIN 1.8 -1.87 .44 65 -1.8 .41 -1.E |
........................................................................... |
| REAL RMSE .75 TRU 2,32 SEPARATION 1.88 Item RELTABILITY .58
|MODEL RMSE .74 TRU 2,331 SERFARATION 3.16 Ttem RELTABILITY .51

| 5.E. OF Ttem MEAM = .
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:é.

SUMMARY OF 28 MEASURED (EXTREME AND MNOM-EXTREME) Ttem

| TOTAL MODEL INFIT QUTFIT |
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R LR EEEEEEE |
| MEAM .4 28, .57 SE |
| 5.0 18.2 . 2.78 51 |
| Max 24.8 28, 186 1.81 |
| MIN 8 28, -1.87 aq 65 1.8 431 1. |
............................................................................. |
| REAL RMSE  1.12 TRUE S 2.46 SEPARATION 2.28 Ttem RELTABILITY &3 |
|MODEL RMSE  1.11 TRUE S0 2.4 SEPARATION 2,22 Ttem RELIABILITY .81 |

| 5.E. OF Ttem MEAN = .62 |
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428 DATA POIMTS. LOG-LIKELTHOOD (MI-SQUARE: 253.91 With 378 d.+. p=1.5830
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Figure 1. Item reliability values and Cronbach's alpha

Meanwhile, to review the fit and misfit questions,
an analysis was carried out by looking at the MNSQ
value in the Measure Order. The results of the measure
order show that the quality of the question items that
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students can answer correctly can be identified by the
number of students who can answer each question item
correctly. The results of the analysis show that the most
difficult or difficult question is question no. 2, 3, 5, 6, and
14. Question items in the easy category are shown in
question numbers 12 and 17. The following are the
results of the ministep test on fit and misfit question
items, you can see Figure 2.

Item STATISTICS: MEASURE ORDER

ENTRY ~ TOTAL TOTAL MODEL|  INFIT | OUTFIT |PT-MEASURE |EXACT MATCH|
NUMBER SCORE COUNT MEASURE S.E. |MNSQ ZSTD|MNSQ ZSTD|CORR. EXP.| 0BSX EXP%| Item
------------------------------------ B e e i Attt bbbt Db
2 @ 28 3.8 1.81 MAXIMUM MEASURE| .00  .00|100.0 100.9| S2
3 @ 28 3.86 1.81 MAXIMUM MEASURE| .00  .00|100.0 100.9| S3
5 ] 28 3.86 1.81 MAXIMUM MEASURE| .08  .08|100.0 160.8] S5
6 ] 28 3.86 1.81 MAXIMUM MEASURE| .08  .08|100.0 100.8] S6
12 ] 28 3.86 1.81 MAXIMUM MEASURE| .80  .08|108.0 100.8| 514
4 1 28 2.63 1.01|1.86  .4[4.99 2.9| -.28 .11] 96.4 96.3] S4
7 1 28 2.63  1.01]1.65  .4[2.76 1.3| -.16 .11] 96.4 96.3] 7
8 1 28 2.63  1.01]1.65  .4[2.76 1.3| -.16 .11] 96.4 96.3| S8
15 1 8 2.63  1.01] .96  .3| .65 2] .15 .11 96.4 96.3] 515
| 1 2 28 1.88 73|1.16 .5[4.79  2.5| -.48  .16] 92.9 92.7] S1 |
| 9 2 28 1.88 73[1.04  .3]1.66 9] .00 .16] 92.9 92.7] S8 |
| n 2 28 1.88 73] .95 1] .66 -.1] .22 .16] 92.9 92.7| S11 |
13 2 28 1.88 73|1.18  .4[2.83 1.2| -.12  .16] 92.9 92.7| S13
20 18 28 -1.64 44| .66 -1.8] .62 -1.8] .76 .43| 89.3 73.6| S20
18 22 28 -2.50 .50|1.04 .2 .94 ] 39 .39| 75.@ 79.3| sie
16 22 28 -2.50 50| .65 -1.4] .43 -1.6] .75 .39] 82.1 79.3| si6
19 22 28 -2.50 .se| .79 -.8] .57 -1.1] .63 .39] 82.1 79.3| s19
18 23 28 -2.76 53| .86 -.4] .61 -.8] .54 .37| 85.7 82.4] s18
12 24 28 -3.07 .58|1.86  .3|1.e6 3] .30 .34] 85.7 85.7| S12
17 24 28 -3.07 .58|1.06  .3|1.86 3] .30 .34] 85.7 85.7| s17
------------------------------------ B e e i Attt bbbt Db
MEAN 8.4 28.0 97 98| .97 |1.71 | | 89.5 88.1|
s.0.  10.2 o 2.70 51| .15 |1.45  1.2] | & 5|

Figure 2. Misfit order

The analysis results show that Question No. 2, 3, 5,
6, and 14 cannot be answered correctly by all students.
Questions No. 12 and 17 could only be answered
correctly by 24 students. Question 18 could only be
answered correctly by 23 students. Question no. 16 and
19 can only be answered correctly by 22 students.
Question no. 20 can only be answered correctly by 18
students. Question no. 1, 9, 11, and 13, can only be
answered correctly by 2 students and questions no. 4, 7,
8, 15 could only be answered correctly by 1 student.

Item STATISTICS: MISFIT ORDER

|ENTRY ~ TOTAL TOTAL MODEL | INFIT | OUTFIT |PT-MEASURE |EXACT MATCH| |
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20 18 28 -1.64 44| .86 -1.8| .62 -1.8|b .76 .43| 89.3 73.6| S2@

16 22 28 -2.50 se| .65 -1.4] .43 -1.6|a .75 .39| 82.1 79.3] S16
e PR S SR |
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Information: Mean = 0.97; SD = 0.15.
Figure 3. Misfit order

Based on the Mean and SD values, the number of
Logit Items can be determined. Sum of logit items from

MEAN and S.D. is 097 + 0.15 = 1.12, so from this
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criterion it can be seen which items are fit and which are
misfit. Based on the value of the number of logit items
from MEAN and S.D. namely 1.12 logit, the following
information is obtained:

Table 5. Misfit and Fit questions

Question Number INFIT MNSQ Value  Description
S4 1.06 Fit
S1 1.16 Misfit
S7 1.05 Fit
8 1.05 Fit
13 1.10 Fit
9 1.04 Fit
12 1.06 Fit
17 1.06 Fit
10 1.04 Fit
15 0.96 Fit
11 0.95 Fit
18 0.86 Fit
19 0.79 Fit
20 0.66 Fit
16 0.65 Fit

Based on the table above, it can be seen that there
are three misfit items, namely S1, S2, S3, S5, S6, and S14.
This means that the items do not function normally to be
used in measurement (Sumintono et al., 2015) If it is
found that a question is not suitable, this indicates that
there is a misconception among students who are
working on that question.

Table of STANDARDIZED RESIDUAL wariance (in Eigenvalue units)

-- Empirical -- Modeled

Total raw variance in observations = 43.6 100.0% 10@.8%

Raw variance explained by measures = 28.6 65.6% 62.3%

Raw variance explained by persons = 4.4 18.6% 9.5%

Raw Variance explained by items = 24.3 55.6% 52.8%

Raw unexplained variance (total) = 15.08 34.4% 188.8% 37.7%
Unexplned variance in lst contrast = 4.9 11.3% 32.8%
Unexplned variance in 2nd comtrast = 3.8 6.9% 20.2%
Unexplned variance in 3rd contrast = 2.8 4.5% 13.2%
Unexplned variance in 4th conmtrast = 1.5 3.4% 9.9%
Unexplned wvariance in 5th contrast = 1.1 2.5% 7.2%

Figure 4. Raw variance value explained by measure

Based on the results of the Unidimensionality
analysis, the Raw Variance Explained by Measure value
is around 65.6%. Based on the test results, it can be seen
that the raw data variance measurement results are
around 65.6% in the Good category. This means that the
test instruments or questions used are considered
capable of measuring students' critical thinking abilities.
This shows that the questions developed are HOTS
based. Meanwhile, Pearson's ability to answer question
items can be analyzed using the LVP table which can be
seen in table 6.
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Table 6. Pearson's Ability to Answer Questions Based on
Higher Other Thinking Skills (HOTS)

Raw variance category Description
<50 % Very Bad
50- 60 % Bad
60-70 % Good
70 -80 % Very Good

>80 % Perfect

Based on the LVP table, information is obtained as
to where students 05P, 06, 07P, 08P, 10P, 15P, 16P, 19P,
20P, 21L, 22P, 23P, 26P, 27P, and 28P are able to answer
difficult questions, then it can be ascertained that these
students can answer moderate and easy questions. 03P,
12P, 251, 11P, and 14 L students were able to answer
questions in the medium category. So it is certain that
the student can answer easy questions. Students 01P,
02L 13P, 17P, 18P, and 24P can answer easy questions.
However, the student was unable to answer questions in
the medium and difficult categories. 04P students,
questions in the easy category cannot be answered,
especially with questions in the medium and difficult
categories, so it is certain that the student cannot answer.
Can be seen in the figure 5.

MEASURE Ttem - MAF - Person
Lrares | mores
3 0000 +

OO0
2 +
MO0
1 +
T
a M5
|
| ®5F B6F &7F @EP @%P 18F 1SF  16F 1%L 28FP 211 22P
23F 26F 27P 2BP
-1 +M 23F 12F 25L
X
117 141
-2 +
21F 22L 1IF 17FP 1EP 24P
oo s
X
T a4aF
-1 +
00
-4 +

cfrequen | <lesss

Figure 5. Measure item-MAP-Pearson
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The division of person abilities in the LVP WinSteps
table can be done by determining the minimum and
maximum logit values for each ability category. Each
individual will be given a logit value based on the results
of the analysis of item responses on the questionnaire
carried out using WinSteps. Then, the individual logit
value will be placed in one of the ability categories that
have been determined in the WinSteps LVP table.

Table 7. Individual Logit Values

Label Man Woman Total
High 2 14 16
Medium 2 3 5
Low 1 5 6
Very Low 0 0 1

Based on the results of LVP WinSteps, it was found
that there were 16 students with high level critical
thinking skills, consisting of 2 men and 14 women. In the
category of students with moderate critical thinking
abilities, there were 5 students consisting of 2 men and 3
women. Meanwhile, in the category of students with low
critical thinking skills, there are 6 students consisting of
1 male and 5 females and there is 1 female student with
very low abilities. So it can be concluded that gender
differences in students do not affect students' ability to
solve questions in the difficult category.

The results of research using the PBL model which
was carried out for 3 cycles and then given HOTS-based
questions to improve students' critical thinking skills
showed a better level of students' critical thinking
abilities. This can be seen from the Cronbach alpha value
of around 0.1 with weak criteria, but the Pearson
reliability level is very good with a value of 0.91.
According to Fakhriyah (2014) PBL learning emphasizes
constructing knowledge based on understanding and

February 2024, Volume 10 Issue 2, 530-538

experience gained both individually and as a group. The
PBL model is based on factual problems faced in
everyday life so that it encourages students to pay more
attention to solving problems. PBL is proven to improve
students' critical thinking skills (Kardoyo et al., 2020;
Noris, Suyitno, et al., 2023).

Learning with PBL is learning based on discovery.
In line with Brunner's theory (Ellerton, 2022; Takaya,
2008) which suggests that discovery-based learning
helps in the process of knowledge reconstruction. Apart
from that, PBL provides good attention to students to
carry out a series of scientific processes in the problem
solving process. This is in line with Dewey's theory
(Mamun et al., 2020; Sutarto, 2017, Thorburn, 2018)
which emphasizes problem solving abilities. more
strongly supported by information processing theory
(Feigenbaum, 2003; Kandarakis et al., 2008; Lutz et al.,
2003) which states that the absolute requirements for
moving towards memory or long-term memory are
good attention and perception to receive information.
PBL-based learning will lead to meaningful learning
(Abu-Ghaneema, 2018; Adams et al., 2022; Kostiainen et
al., 2018). This means that PBL-based learning can
improve students' critical thinking skills
(Miftakhurrohmah et al., 2023; Noris, Saputro, &
Muzzazinah, 2023; Noris, Saputro, Muzzazinah, et al.,
2023).

Observation Stages

Based on the results of observations, the critical
thinking abilities of Bima Muhammadiyah University
students in basic biology courses are in the moderate
critical thinking ability category with a category score of
around 68.06%. This can be seen in table 8.

Table 8. Observation Results of Students' Critical Thinking Abilities Using the PBL Model

Indicator of Critical Thinking Abilities I CyCIIIeI Total Mean Score (%) Category Score Category (%) Category
Interpretation 3 4 3 10 83.33  Very High

Analysis 2 4 3 9 75.00 High

Inference 3 3 3 9 75.00 High .
Evaluation 3 3 2 8 66.67 Medium 68.06  Medium
Explain 3 3 3 5 75.00 High

Self Regulation 1 2 1 4 33.33 Very Low

The observation results show that students' critical
thinking abilities are moderate. However, if viewed
based on aspects and indicators of critical thinking skills,
it can be seen that students have very high interpreting
abilities (83.33%). Meanwhile, the ability to analyze and
infer is relatively high with each category mean around
75.00%. The ability to evaluate (66.67 %) is moderate, and
the ability to self-regulate (33.33%) is very low.

The observation results show that the level of
students' critical thinking skills is relatively moderate.
This is natural because students have experienced
difficulties in carrying out evaluations and conclusions
so that this has an impact on their self-regulation skills.
In line with research conducted by (Suyatman et al,,
2021a), where they experience difficulty in analyzing
and formulating complex problems. These obstacles
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cause low critical thinking abilities in every aspect
(Lapuz et al, 2020, Masruro et al, 2021;
Miftakhurrohmah et al.,, 2023; Ramadani et al., 2021;
Utami et al., 2017).

In this case, critical thinking includes higher
processes, such as analysis, synthesis, evaluation,
conclusion, and reflection, that enable individuals to
make reasonable judgments both in the classroom, in the
classroom, and in everyday life (Utami et al., 2017). So it
is not surprising that students' critical thinking skills are
a top priority in education today.

The importance of critical thinking skills was stated
by Ellerton (2022) views critical thinking skills as a
complex combination of knowledge and skills needed in
the long term. More than that, Anderson et al. (2010)
considers that critical thinking skills are high level skills
(HOTS). Within critical thinking skills there is the ability
to analyze. Afandi et al. (2018) suggests that analytical
thinking abilities are part of critical thinking abilities
which are classified as high-level skills.

To measure critical thinking skills, appropriate
instruments are needed that can measure critical
thinking skills. According to Rahayu et al. (2023) the
right instrument to measure critical thinking skills is a
HOTS-based instrument too. More clearly stated by
Ichsan et al. (2019) that students who have HOTS will be
able to analyze, evaluate and create innovations in
solving problems well and precisely.

Conclusion

The results of the profile analysis of students'
critical thinking skills were classified as moderate. This
is proven by test results and observations in basic
biology courses. Based on the results of tests on students'
critical thinking skills, it is known that there are 16
students who have high levels of critical thinking skills,
5 students with moderate critical thinking skills, and 6
students with weak critical thinking skills. Meanwhile,
the results of observations of the critical thinking
abilities of Bima Muhammadiyah University students in
basic biology courses are in the moderate critical
thinking ability category with a category score of around
68.06%.
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