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ABSTRACT 4 

The digitalization system that continues to roll has brought changes to the learning system, 5 

where face-to-face learning is replaced by an online system. On the one hand, learning 6 

experiences to acquire critical thinking (CT) skills as one of the essential skills of the 21st 7 

century must also be encouraged. The objective of this study is to assess students' CT skills in 8 

terms of cognitive style by implementing the problem based e-learning (e-PBL) model in 9 

mathematics courses. This study is an evaluative study with an experimental approach, where 10 

as many as 28 students as research samples were taken purposively from Mandalika University 11 

of Education, Indonesia. A set of instruments was prepared to measure every aspect of CT and 12 

cognitive style, including descriptive and statistical data analysis so that the results of the CT 13 

assessment were found. In general, the results of the CT evaluation show that e-PBL is effective 14 

in improving students' CT skills, so this is a recommendation to use e-PBL widely and 15 

intensively. 16 
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 36 

Contribution to the literature 37 

• Critical thinking in the modern education system is considered a “core graduate 38 

competency” and is one of the most important skills in the 21st century. 39 

• For the purpose of improving critical thinking, affective and innovative learning models 40 

need to be implemented, one of which is the problem-based learning (PBL) model which 41 

is presented online (e-PBL). 42 

• Students' critical thinking skills viewed from cognitive style are assessed as a result of the 43 

implementation of the e-PBL model. 44 

 45 

INTRODUCTION 46 

Equipping students with critical thinking skills is a fundamental task of the University 47 

in the contemporary higher education system in the current century (Erikson & Erikson, 2019), 48 

and the intervention of critical thinking teaching programs in classrooms must be optimized so 49 

that it becomes a way for the University to develop students’ critical thinking (Bezanilla et al., 50 

2019). There are many opportunities for universities to build students’ culture of critical 51 
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thinking, one of which is by modernizing the education and teaching system that leads to the 52 

achievement of critical thinking (Dekker, 2020).  53 

Critical thinking as “core graduate competencies” has been widely recognized in 54 

modern education systems in many countries (Szenes et al., 2015), and the achievement of 55 

quality education is in line with learners’ critical thinking performance (Gilmanshina et al., 56 

2021). Many previous studies have proven that good academic performance and cognitive 57 

learning outcomes are related to student performance in critical thinking (D’Alessio et al., 58 

2019; Ghanizadeh, 2017; Siburian et al., 2019).  59 

The development of STEM education leads to critical thinking, and mathematics is 60 

considered the most prominent key to successful teaching of other disciplines (Romero Ariza 61 

et al., 2021). Mathematics is the foundation that supports all fields of science. It's just that 62 

students’ negative perceptions of mathematics become an obstacle to teaching (Evendi & 63 

Verawati, 2021). Provided with numbers, calculations, formulas, and applying traditional 64 

teaching methods which are not innovative make mathematics a nightmare for most students. 65 

Finally, in many applications of teaching mathematics traditionally do not get promising results 66 

(Pendlington, 2005).  67 

To make sure the condition, researchers observed a group of preservice teachers taking 68 

the general mathematics course at the Mandalika University of Education, Indonesia. Learning 69 

observations were carried out around the middle of 2021, in which offline learning have been 70 

implemented in Indonesia. The observation findings showed that the traditional expository 71 

teaching was conducted. Preservice mathematic teachers solve mathematical problems by 72 

applying the knowledge presented by lecturers. Furthermore, researchers discussed these cases 73 

with the teaching staff. Qualitatively, the obtained information showed that learners had low 74 

participation or activeness and motivation to learn. The authentic problem-solving abilities 75 

were also a problem. The touch of getting used to mathematical reasoning in authentic 76 

situations was less emphasized. The findings of this observation are in accordance with the 77 

report of Moreno-Guerrero et al. (2020) that traditional expository teaching in mathematics 78 

showed the number of students who were motivated in a class was 6.6%, a good participation 79 

rate in the teaching materials content being taught was 4.9%, good learning outcomes 80 

performance (realization of content in problem-solving actions) was 11.5 %, and a good 81 

perception of the pedagogical action qualifications by teachers was 14.8%. 82 

The focus of teaching mathematics, in general, is on background knowledge about the 83 

topic (encouraging learners to know). With knowledge, learners are required to find solutions 84 

to the existing problems (learners’ encouragement to do). Between these two goals, the most 85 
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important component of the way they solve mathematical problems is deep understanding 86 

(Dolapcioglu & Doğanay, 2020). Deep understanding can only develop along with the 87 

development of critical thinking (Peter, 2012). Interpretation of deep understanding of 88 

mathematical knowledge involves a number of learning experiences, including; skills of 89 

making comparisons, finding solutions and evaluating supporting evidence, offering new ways 90 

to attain solutions (Dolapcioglu & Doğanay, 2020). The learning experience is a sub-91 

component of what is known as critical thinking (Elder & Paul, 2012; Ennis, 2011). 92 

Critical thinking is an intellectual process within cognitive dimensions in actively 93 

reasoning. In essence, it is a reasoning process (Elder & Paul, 2012). In the definition widely, 94 

critical thinking is identified as "reasonable and reflective thinking, which is focused on 95 

deciding what to believe or do" (Ennis, 2018). On the one hand, the foremost hope in all types 96 

of instructional mathematics is thinking and reasoning skills (Animasaun & Abegunrin, 2017). 97 

In the framework of the National Council of Teachers of Mathematics (NCTM) explicitly states 98 

reasoning as the foundation of teaching mathematics because it is not enough for learners to 99 

know and remember facts only. The development of critical thinking skills is absolutely 100 

necessary for learners to have good mathematics achievement (National Council of Teachers 101 

of Mathematics, 2000). Mathematical reasoning, according to NCTM, involves drawing logical 102 

conclusions based on evidence. This conception is the same as the concept of critical thinking 103 

in the perspective of other experts (e.g., Dewey, 1933; Elder & Paul, 2012; Ennis, 2018). Their 104 

critical thinking standards contain some detailed indicators, but what is a strong dimension of 105 

each critical thinking indicator, according to experts, is skills to analyze, inference, evaluate, 106 

and make decisions. In this current study, these indicators of measuring critical thinking skills 107 

were applied. 108 

The focus of reasoning becomes important in teaching mathematics in the classroom, 109 

and bringing this focus depends on; the selection of tasks and learning experiences that are 110 

valuable to develop reasoning including a supportive classroom environment, managing 111 

learning effective discourse, and conducting assessments to monitor learners’ reasoning 112 

progress (NCTM, 2000). Maulyda (2020) in her book "Mathematics Learning Paradigm based 113 

on NCTM" states that every learning process needs to be evaluated which aims to measure the 114 

success level of the learning process carried out and the goals achieved. The evaluation should 115 

be able to meet the criteria for each stage as well as the indicators enacted as part of a reflection 116 

of the learning success conducted (Maulyda, 2020). Finally, the progress of learners’ reasoning 117 

or critical thinking can be identified by assessing them. 118 
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In the context of this study, researchers see an urgent need for critical thinking to 119 

become an aspect or dimension of thinking emphasized in learning mathematics. First, 120 

mathematics teaching is generally focused on mastering the content or topic being studied 121 

(content knowledge) and mathematical problem-solving skills using content knowledge 122 

(Dolapcioglu & Doğanay, 2020). For this reason, critical thinking skills are needed as cognitive 123 

bridging to understand and solve problems in mathematics. The forms of critical thinking 124 

encouragement in mathematical problem solving have been explored. This involves the process 125 

of building mathematical arguments (Ayalon & Hershkowitz, 2018; Wood et al., 2006) and 126 

evaluating evidence (Dogruer & Akyuz, 2020). Second, until now, the achievement of 127 

mathematics learning competencies is still a challenge (MacDonald, 2020), especially how 128 

mathematics learning is directed for the purpose of critical thinking (Romero Ariza et al., 129 

2021). Previous studies have shown that there is a significant and interrelated relationship 130 

between critical thinking and learners’ academic achievement (Güner & Gökçe, 2021), so that 131 

the role of lecturers is increasingly vital in building and training learners’ critical thinking 132 

skills. Innovative learning modes are needed as an intervention that is considered the most 133 

effective for lecturers in training learners’ critical thinking. 134 

In the current research context, previous studies have extensively implemented multiple 135 

learning modes for the achievement of mathematics learning competencies, especially for 136 

critical thinking, starting from models, approaches, strategies, teaching techniques, and others. 137 

This is in line with what was stated by Pendlington (2005) that the use of effective learning 138 

strategies needs to be implemented if lecturers want to make progress in teaching mathematics. 139 

One of the innovative learning models that have the potential to train students’ critical thinking 140 

is the problem-based learning (PBL) model (LaForce et al., 2017; Savery, 2006). Through 141 

presenting problems, students can create new knowledge products (Hung, 2011), improve their 142 

understanding of concepts, and positively affect their long-term knowledge retention (Li & 143 

Tsai, 2017). This pedagogy also has an impact on students' better mathematical reasoning 144 

performance (Wirkala & Kuhn, 2011). Exploratory processes in problem-solving help train 145 

students' critical thinking (Calkins et al., 2020).  146 

Along with the digitalization system that continues to grow rapidly, interest in the 147 

internet and virtual learning has brought changes to the learning system, where face-to-face 148 

learning is replaced by an online learning system (e-learning) (Palvia et al. This is also the 149 

impact of Covid-19 that has hit people in all parts of the world, which forces learning to be 150 

carried out using an e-learning system (Muliadi et al., 2021). We see this as a very good 151 

opportunity to conduct the PBL model towards virtual learning. In the context of this study, it 152 
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is called Problem-Based e-Learning (e-PBL). In its implementation, e-PBL still adheres to the 153 

principles; based on contextual, constructive, and collaborative problems, only teaching with 154 

the PBL model is carried out using an online system. Long before massive online learning was 155 

implemented, PBL had been tried to be conducted using a blended learning format and was 156 

found to be effective in its implementation in accordance with the principles in PBL (de Jong 157 

et al., 2017).  158 

In the context of the current study, researchers apply the e-PBL model in mathematics 159 

lectures and assess students' critical thinking skills in terms of cognitive style, in our best 160 

knowledge, this has never been done. The study of assessment of students’ critical thinking 161 

skills on the implementation of the e-PBL model is emphasized in the context of the assessment 162 

it can be an adequate guide to direct the improvement of learning performance (Zaqiah et al., 163 

2018). For the purpose of critical thinking, the context of cognitive style is an important aspect 164 

that must be considered. A learner’s success in critical thinking depends on his cognitive style 165 

(Verawati et al., 2020). Cognitive style is identified with the ways in which individuals process 166 

information and affect their thinking performance (Viator et al., 2020).  167 

Cognitive style is reported to have an impact on individual performance in learning 168 

(strengthening or weakening) (Arifin et al., 2020; Armstrong et al., 2012). Ways of processing 169 

information with a good level of consistency are identified with cognitive style. It starts from 170 

understanding information, organizing and processing information, and then reproducing 171 

information (Rayner & Cools, 2011). Previous studies have reported that cognitive style is 172 

related to information processing, and both are predictors of individual commitment to 173 

planning (George et al., 2018). Cognitive style in cognitive psychology terminology, its 174 

implications are expanded as a preference for performance information (Kroll, 2014) and 175 

decision making (Nutt, 2006). Processing information to make correct decisions is the goal of 176 

critical thinking. Therefore, cognitive style has a correlation to critical thinking (Susandi et al., 177 

2019). 178 

Cognitive styles are divided into field-dependent (FD) and field-independent (FI), both 179 

of which differ in ways of processing information (Witkin & Goodenough, 1981). A study by 180 

Altun & Cakan (2006) revealed that individuals with FD cognitive style were better at 181 

remembering social information, stories, conversations, and social problems, but on the 182 

contrary for individuals with FI cognitive style. Learning social and environmental aspects is 183 

more interesting for FD individuals, while analytical learning about science is a favorite for FI 184 

individuals (Pithers, 2002). This is like the results of a study by Witkin et al. (1977) that FD 185 

learners relatively have an interest in learning domains that do not emphasize cognitive 186 
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restructuring skills, but FI learners do the opposite. FI learners were found to perform better on 187 

formal operations tasks when compared to FD learners (Witkin & Goodenough, 1981). Finally, 188 

researchers generally identify FD individuals as social learners and FI individuals as 189 

independent learners. But whatever it is, both types of cognitive styles are important for the 190 

acquisition of critical thinking and of course, with appropriate teaching interventions to support 191 

it. The study of the learners’ cognitive style can assist lecturers in adjusting learning methods 192 

to achieve the expected goals (Onyekuru, 2015). 193 

 194 

Research Problem 195 

The trend of using mobile technology among students and along with the digitalization 196 

system that continues to roll, interest in the internet and virtual learning has brought changes 197 

to the learning system, where face-to-face learning is replaced by an online system. On the one 198 

hand, learning experiences to acquire critical thinking skills as one of the essential skills of the 199 

21st century must also be encouraged. We see this as a challenge as well as an excellent 200 

opportunity to conduct student-centered constructivist learning, one on the other is problem-201 

based learning (PBL) taught the online system. In our research context is called e-PBL. If it is 202 

associated with cognitive style, students' critical thinking skills need to be assessed as the 203 

impact of implementing e-PBL so that it becomes a consideration in the widely and intensive 204 

use of e-PBL. 205 

Learning construction must be in line with the objectives to attain. The way is by 206 

conducting an assessment of the induced learning program. Therefore, the assessment becomes 207 

part of the course system (Cassano et al., 2019; Katz, 2021). The assessment is expected to be 208 

an adequate guide to direct the improvement of learning performance (Zaqiah et al., 2018). 209 

Frye & Hemmer (2012) conducted a review of several existing assessments and evaluation 210 

models, and the use of Kirkpatrick's four-level approach (Kirkpatrick, 1996) is most suitable 211 

as a model for evaluating learning achievement in teaching or training programs. This model 212 

consists of; the reaction of learners to the existing learning conditions, the size of the learning 213 

process that was carried out, changes in behavior or results according to program objectives, 214 

and the final results of program efficacy that provide recommendations for their use in a wider 215 

context. Frye & Hemmer (2012) simplify Kirkpatrick's framework with assessment structure; 216 

input, process, output, and outcome. 217 

Based on the information that has been described, the research problems are described 218 

as follows:  219 
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1. How is the input of students' critical thinking skills in terms of cognitive style before the 220 

implementation of the e-PBL model?  221 

2. How is the learning process using the e-PBL model to improve students' critical thinking 222 

skills?  223 

3. How is the output of students' critical thinking skills in terms of cognitive style after the 224 

implementation of the e-PBL model?  225 

4. What is the outcome of the e-PBL model in improving students' critical thinking skills?  226 

Based on the description of the problems, then the specific objective of this study is to 227 

assess students’ critical thinking skills in terms of cognitive style by implementing the e-PBL 228 

model in mathematics courses. Assessment is carried out on the aspects of input, process, 229 

output, and outcome. 230 

 231 

Context of the Study 232 

A new paradigm has been promoted in the higher education system in Indonesia since 233 

the “Independent Learning - Independent Campus” program was launched in early 2020. In 234 

this program, universities are expected to become a pool of talent for learners who are able to 235 

think critically. The development of autonomous and flexible multimode learning in 236 

universities is encouraged to create an innovative learning culture. Digital learning schemes 237 

are encouraged to provide a more interactive learning experience for learning actors and of 238 

course, must be supported by adequate pedagogical infrastructure. Research collaboration 239 

between universities is encouraged so that the problem of learning quality at one university can 240 

be supported by other universities. 241 

The present study was conducted at the Mandalika university of Education, which is 242 

the oldest private university in eastern Indonesia, precisely in the province of West Nusa 243 

Tenggara. In the midst of the high expectations of the Indonesian government in the 244 

“Independent Learning - Independent Campus” program, researchers see a very good 245 

opportunity in implementing e-PBL to train preservice teachers’ critical thinking skills in the 246 

context of this study, especially at the Mandalika University of Education. This is also in line 247 

with the distance learning policy implemented during the Covid-19 pandemic. However, the 248 

cross-cultural implications of being a challenge in the implementation of PBL, this is 249 

recognized by previous studies (Choon-Eng Gwee, 2008) that the inclusiveness of PBL is 250 

active learning with an open communication style, while the cultural character of Asians is 251 

reticence. Actually, there are many sides of the strength of Indonesian culture that not many 252 

people know about. This culture includes; love to work together, collaborate, and open to 253 
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diversity. On this basis, cooperative learning is widely used by teachers in Indonesia (Karmina 254 

et al., 2021). 255 

Opportunities for successful implementation of e-PBL are becoming more open with a 256 

culture of collaboration in Indonesia. The cross-cultural PBL ethnographic study by Krishnan 257 

et al. (2011) report that PBL arrangements benefit most if they use a collaborative approach. 258 

With electronic learning in PBL being the entry point in teaching PBL well, interactivity 259 

provides opportunities for a learning culture as desired by PBL. To avoid interactivity barriers, 260 

researchers use the mother tongue in implementing e-PBL. It is used so that the content can be 261 

understood by students and learning can run well. This ensures that lecturers and preservice 262 

teachers view PBL in the same way. A study by Choon-Eng Gwee (2008) reports that learners’ 263 

lack of proficiency in English has the potential to have a serious impact on PBL tutorials in 264 

Asia, including Indonesia, which makes English a second language. To support the 265 

implementation of learning, learning tools and test instruments are prepared in the Indonesian 266 

language. This is to avoid mistakes in understanding when using a language other than the 267 

native language. They were validated by expert validators from Indonesia with psychometric 268 

properties that measured validity and reliability. 269 

 270 

METHODS 271 

Type of Study 272 

This study is categorized as an evaluative study with an experimental approach, where 273 

the assessment of students' critical thinking skills uses Kirkpatrick's four-level approach 274 

(Kirkpatrick, 1996). It was simplified by Frye & Hemmer (2012) with assessment structure; 275 

input, process, output, and outcome. Meanwhile, the experimental approach (one group pretest-276 

posttest design) was employed to know the effectiveness of the e-PBL model in improving 277 

students’ critical thinking skills in terms of cognitive style. It should be noted that in the present 278 

study, the Kirkpatrick model was not used to design and develop e-PBL but was used to assess 279 

critical thinking based on e-PBL interventions, of course, the process of how critical thinking 280 

is trained becomes part of the focus of this study. The input aspect shows the reaction of 281 

participants to the existing conditions, according to the context of this study, the reaction in 282 

question is the performance of critical thinking skills before the e-PBL model intervention. The 283 

process aspect, showing the size of the learning process that is conducted, is related to the 284 

intervention of the e-PBL model and assessing the implementation of learning (learning 285 

feasibility) in training critical thinking. The output aspect, showing changes in behavior or 286 

results according to the objectives of the learning program, is subjected to the assessment of 287 
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critical thinking skills after the e-PBL model intervention. The outcome aspect, showing the 288 

final results of the program's efficacy which provides recommendations for its use in a wider 289 

context, is associated to the assessment of the effectiveness of the e-PBL model in improving 290 

students’ critical thinking skills. 291 

 292 

Participants 293 

The research sample was taken purposively involving 28 students taking general 294 

mathematics courses at the Faculty of Science and Engineering, Mandalika University of 295 

Education, Indonesia. From the 28 samples, 10 were female and 18 were male, with an average 296 

age of 19-20 years. Research on each component of the assessment starting from input, process, 297 

output, to outcome, is carried out for at least seven meetings. The e-PBL model is conducted 298 

on the material of a linear equation system, sub-material I (definition, general form of linear 299 

equation for two and three variables, solving linear equation and interpretation); sub-material 300 

II (general form of linear equations for n-variables, solving linear equation for n-variable and 301 

interpretation); sub-material III (solving linear equations by using the Gauss elimination 302 

method, and inverse matrix methods); sub-material IV (quadratic linear equations). The 303 

implementation of learning is carried out for four meetings (for assessment of process). In 304 

addition to preservice mathematic teachers as research samples, the participants involved in the 305 

learning process are two observers. The observers are tasked with observing the learning 306 

process (learning feasibility), and providing feedback for improvements to the learning process 307 

using e-PBL. Observer criteria are those who have disciplines in the field of learning 308 

mathematics, understand the online learning process, and have experience as observers in 309 

similar studies. 310 

 311 

Instruments, Procedures, and Analysis 312 

The assessment components, assessed variables, instruments, and analysis based on 313 

Kirkpatrick's four-level approach are presented in Table 1.  314 

 315 

Table 1. Components of assessment based on Kirkpatrick's four-level approach 316 

Components Assessed Variables  Instrument & data sources Analysis 

Input Assessing critical 

thinking skills before the 

Critical thinking ability test 

(CTS test) conducted on 

students.  

Descriptive 
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Components Assessed Variables  Instrument & data sources Analysis 

conduct of the e-PBL 

model. 

Process Assessing the 

implementation of 

learning (learning 

feasibility) with the e-

PBL model in training 

critical thinking. 

Observation sheet on the 

implementation of learning 

with the e-PBL model. 

Descriptive 

Output Assessing critical 

thinking skills after the 

conduct of the e-PBL 

model. 

Critical thinking ability test 

(CTS test) conducted on 

students. 

Descriptive 

Outcome Assessment of the 

effectiveness of e-PBL 

in improving critical 

thinking skills 

 

n-gain analysis (increasing 

critical thinking scores after 

the implementation of e-

PBL), and different tests of 

students’ critical thinking 

skills between pretest and 

posttest, and in each 

cognitive style group. 

Statistical 

 317 

Learning tools and test instruments were prepared to support the implementation of this 318 

study. Learning tools and test instruments are prepared in learners’ national language 319 

(Indonesian language). It is to avoid mistakes in learners’ understanding when using a language 320 

other than their native language, as well as validation instruments. The best psychometric 321 

properties of an instrument are in terms of its validity and reliability (Souza et al., 2017). 322 

Reserachers use these parameters to test the developed instrument. The validated tools and 323 

instruments consist of learning scenarios, e-modules, and critical thinking skills test 324 

instruments. Validity refers to the quality of learning instrument products in terms of content 325 

and construct validity aspects (Akker et al., 2013). Content validity refers to the extent to which 326 

the test measures the content domain to be measured. It is related to the domain definition, 327 

domain representation, and domain relevance (Sireci & Faulkner-Bond, 2014). Meanwhile, 328 
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construct validity refers to the extent to which the operationalization of the construct is defined 329 

by a theory (Cronbach & Meehl, 1955). 330 

Afterward, a validation instrument was prepared and sent to two validators for 331 

feedback. Validators were selected based on criteria, in which they are specialists in learning 332 

mathematics and have experience in teaching mathematics at universities for more than ten 333 

years. They provide feedback by providing a validity assessment. The data from the validation 334 

results were analyzed descriptively qualitatively, namely by averaging the scores obtained from 335 

the validators. The validity assessment uses a five scale (highest score 5, lowest score 1), where 336 

the scores obtained from the validator's assessment are converted into intervals and 337 

categorized: very valid (Va > 4.21), valid (3.40 < Va < 4.21), moderately valid (2.60 < Va < 338 

3.40), less valid (1.79 < Va < 2.60), and invalid (Va < 1.79) (Prayogi et al., 2018). Furthermore, 339 

reliability is the level of consistency of an instrument in terms of its validity, using the 340 

percentage of agreement (PA) parameter (Emmer & Millett, 1970). The validation results on 341 

the content validity aspect show that the learning scenarios, e-modules, and critical thinking 342 

skills test instruments all have valid criteria with validity scores of 3.61, 3.58, and 3.46, 343 

respectively. Likewise in the aspect of construct validity, the three criteria are valid with a 344 

validity score of 3.83 for the learning scenario, 3.63 for the e-module, and 3.50 for the critical 345 

thinking skills test instrument. PA for the learning scenario is 95.30 (reliable), e-module is 346 

97.63 (reliable), and critical thinking skills test instrument is 98.84 (reliable). Based on these 347 

results, the tools and instruments are appropriate to be used in this study. 348 

Before implementing the e-PBL model, each students’ cognitive style was identified 349 

using GEFT (The Group Embedded Figure Test) so that each group was found in the FD (field 350 

dependent) or FI (field-independent) cognitive style category (Witkin et al., 1977). The GEFT 351 

instrument has been tested empirically and is declared valid and reliable based on previous 352 

studies (Panek et al., 1980), with the results of the GEFT empirical validity of 0.95 (p < 0.001) 353 

with a reliability of r = 0.96 (p < 0.001). The learners’ cognitive style data were then analyzed 354 

descriptively. If the individual scores in the range 0-11, then it is categorized as FD, and in the 355 

score range 12-18 is categorized as FI.  356 

Students’ critical thinking skills were measured using a critical thinking skills test (CTS 357 

test) instrument (as a pretest and posttest), the test instrument was in the form of an essay with 358 

8 test items accommodating critical thinking indicators; analysis, inference, evaluation, and 359 

decision making (instruments are declared as valid and reliable). After the pretest, the e-PBL 360 

model was implemented and the learning feasibility was analyzed using an observation sheet 361 

involving two observers. Observers are involved in online learning that is conducted and make 362 
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direct observations of the learning process. The results of the observations are recorded on the 363 

learning feasibility (LF) observation sheet prepared by researchers, which includes feedback 364 

on the observer's suggestions on the learning process in general. Feedback from observers is 365 

delivered through discussions between lecturers and observers for 20-30 minutes after the 366 

learning is finished in each meeting. Feedback is a process of reflection on learning that has 367 

been carried out. This is identified with the process of monitoring and evaluating learning 368 

performance (Verawati et al., 2021). The learning implementation data were analyzed 369 

descriptively by averaging the observed scores on five rating scales, and converted according 370 

to the interval criteria; very good (LF > 4.21), good (3.40 < LF < 4.21), quite good (2.60 < LF 371 

< 3.40), less good (1.79 < LF < 2.60), and not good (LF < 1.79) (Prayogi et al., 2018). In this 372 

phase, process evaluation is carried out where the learning feasibility criteria of the e-PBL 373 

model are at least "good."  374 

Data analysis of the critical thinking skills of each student was carried out descriptively 375 

with five scoring levels, -1 as the lowest score to +3 as the highest score (Prayogi et al., 2018). 376 

The performance of critical thinking skills of each student is categorized into categories; very 377 

critical (CTS > 17.6), critical (11.2 < CTS 17.6), moderately critical (4.8 < CTS 11.2), less 378 

critical (-1.6 < CTS 4.8 ), and not critical (CTS -1.6) (Verawati et al., 2020). In this phase, the 379 

output of the implementation of e-PBL (posttest) is at least "critical." 380 

The outcome phase analyzes the effectiveness of the e-PBL model in improving 381 

students’ critical thinking skills. This is measured by increasing their critical thinking scores 382 

using n-gain analysis. The criterion for increasing the score is declared high if the n-gain is 383 

greater than 0.70, the criterion is moderate if the n-gain score is 0.30 to 0.70, and low if it is 384 

less than 0.30 (Hake, 1999). N-gain indicates a change or increase in critical thinking skills 385 

scores between pretest and posttest after the implementation of the e-PBL model. The e-PBL 386 

model is declared effective if the n-gain is "high." The effectiveness of e-PBL was also 387 

evaluated from the difference in critical thinking scores in each group of FI and FD cognitive 388 

styles. The hypothesis being tested is that there is no difference in students’ critical thinking 389 

skills for each cognitive style with the implementation of the e-PBL model. This was tested 390 

statistically using a different test preceded by a normality test, each at a significance level of 391 

0.05. 392 

 393 

RESULTS 394 

Input: Assessment of critical thinking skills before implementing the e-PBL model 395 
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Referring to Kirkpatrick's evaluation approach (Kirkpatrick, 1996), the assessment of 396 

the input component is the identification phase of the initial condition of students’ critical 397 

thinking skills before the learning program with the e-PBL model is conducted. To find out 398 

this condition, an analysis of critical thinking skills (pretest) was carried out. However, before 399 

this begins, an analysis of the cognitive style of each student is first carried out, and the result 400 

is as presented in Table 2. The result of the input assessment is presented in Table 3, where this 401 

is an assessment of students' critical thinking skills before the learning program with the e-PBL 402 

model. 403 

Table 2. Student cognitive style test results 404 

Cognitive style Score range N % 

Field Independent (FI) 12-18 16 57.14 

Field Dependent (FD) 0-11 12 42.86 

Total 28 100 

 405 

Table 3. The results of the input assessment of students' critical thinking skills 406 

Cognitif Style N 
Input (Pretest) 

Criteria 
CT score average CT score range 

Field Independent (FI) 16 -1.63 CTS ≤ -1,6 Not critical 

Field Dependent (FD) 12 -2.00 CTS ≤ -1,6 Not critical 

Average -1.79 CTS ≤ -1,6 Not critical 

 407 

Process: Assessment of learning feasibility with the e-PBL model 408 

The process component is the implementation phase of learning with the e-PBL model, 409 

wherein this phase the learning feasibility is analyzed during the learning process using the e-410 

PBL model. The implementation of learning (learning feasibility) for each learning phase with 411 

the e-PBL model was observed by two observers, and the results are presented in Table 4. 412 

 413 

Table 4. Learning feasibility with the e-PBL model 414 

e-PBL Phases 

1st 

meet 

2nd 

meet 

3rd 

meet 

4th 

meet Average Criteria 

O1 O2 O1 O2 O1 O2 O1 O2 

1. Learners’ orientation on 

problems  
3 3 3 4 4 3 4 4 3.50 Good  

2. Organizing learners to 

learn 
4 4 4 4 4 4 3 4 3.75 Good 



EJMSTE-14421-2022-R2 

Page 15 of 24 

e-PBL Phases 

1st 

meet 

2nd 

meet 

3rd 

meet 

4th 

meet Average Criteria 

O1 O2 O1 O2 O1 O2 O1 O2 

3. Guding learners on 

investigation process 
4 4 4 4 5 4 4 4 3.88 Good 

4. Presenting investigation 

results 
4 4 3 4 4 3 4 3 3.63 Good 

5. Reflecting problem-

solving process 
4 4 4 3 4 4 3 4 3.75 Good 

LF score average 3.70 Good 

Annotation: O (observer), LF (learning feasibility) 415 

 416 

Observational data were checked for validity (results confirmed by researchers) through 417 

discussion. Furthermore, feedback in the form of suggestions and comments from observers is 418 

then discussed at the end of the learning meeting. The results of the discussion of the learning 419 

process with the observers qualitatively are as follows. 420 

 421 

The first meeting feedback: 422 

Observer 1: Before starting the lesson, the lecturer should make apperception and motivation 423 

related to the learning process that will be carried out. Furthermore, flexibility and friendliness 424 

in organizing the learning process need to be built so that students are not pressured during the 425 

learning process. But in general, the learning steps have been carried out well. 426 

Observer 2: It is necessary to diversify (diversify) authentic mathematics problems in everyday 427 

life in order to open students' mathematical insight, the rest on the implementation of learning 428 

is deemed adequate. 429 

 430 

The second meeting feedback: 431 

Observer 1: Orienting learners to problems still becomes an obstacle, even though this looks 432 

good, but the emphasis on authentic problems needs to be better to train the development of 433 

learners’ critical thinking. Furthermore, in the phase of presenting the results of the 434 

investigation, lecturers have not been optimal yet in building discussion interactivity amongst 435 

learners. 436 

Observer 2: The reflection process at the end of the activity is very important, it can have an 437 

impact on strengthening students' critical thinking, but the lecturer has not optimized this 438 

opportunity at the second meeting of learning. 439 

 440 
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The third meeting feedback: 441 

Observer 1: Overall, all PBL phases at the third meeting have been carried out well, discussion 442 

interactivity is good, and lecturers have optimally guided learners in investigations.  443 

Observer 2: In presenting the results of the investigation, the lecturer must optimize the 444 

potential of learners to build their ideas, there are still a small number of learners who are less 445 

active in this discussion. 446 

 447 

The fourth meeting feedback:  448 

Observer 1: Orienting learners to authentic problems is good, as well as the learning phase that 449 

follows. The learning reflection process must accommodate each form of reflection that 450 

learners do. Inviting learners to reflect on the learning process they have gone through needs 451 

to be optimized as a form of knowledge reproduction to build learners’ critical thinking.  452 

Observer 2: The overall observation results show that the learning process is well implemented, 453 

the implementation of learning is in accordance with the established e-PBL phase. 454 

 455 

Output: Assessment of critical thinking skills after the implementation of the e-PBL 456 

model 457 

In the output component, the changes in critical thinking skills were assessed after the 458 

implementation of the e-PBL model. This was analyzed by conducting a posttest on students’ 459 

critical thinking skills. The results of the output assessment are presented in Table 5. 460 

 461 

Table 5. Results of the output assessment of students' critical thinking skills 462 

Cognitif Style N 
Output (Posttest) 

Criteria 
CT score average CT score range 

Field Independent (FI) 16 17.19 11,2 < CTS ≤ 17,6 Critical 

Field Dependent (FD) 12 17.08 11,2 < CTS ≤ 17,6 Critical 

Average 17.14 11,2 < CTS ≤ 17,6 Critical 

 463 

Outcome: Assessment of the effectiveness of e-PBL in improving critical thinking skills 464 

Finally, the evaluation of the outcome component. In this phase, the effectiveness is 465 

evaluated in improving students’ critical thinking skills, so that it becomes a recommendation 466 

for the use of e-PBL in a broad and intensive teaching program. The outcome assessment 467 

benchmark is based on the results of the n-gain analysis (increased critical thinking score after 468 

the implementation of e-PBL), and the different test of students' critical thinking skills between 469 
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pretest and posttest in each cognitive style group. The increase in critical thinking scores after 470 

the implementation of e-PBL is presented in Figure 1. The n-gain value indicates that e-PBL 471 

is effective in improving students' critical thinking skills. 472 

 473 

Figure 1. An increase in students' critical thinking between the two groups of cognitive styles 474 

 475 

Furthermore, statistical analysis is needed in order to strengthen the impact of e-PBL 476 

on the performance of students’ critical thinking skills in each cognitive style. The statistical 477 

analysis used was a different test which was preceded by a normality test as presented in Table 478 

6. 479 

Table 6. The results of the normality test of critical thinking skills 480 

Group 
Shapiro-Wilk 

Statistic df. Sig. 

Field Independent (FI) 0.826 16 0.006 

Field Dependent (FD) 0.886 12 0.105 

 481 

The number of samples in the two groups of cognitive styles is different, so it uses the 482 

Shapiro-Wilk normality test. The results showed that the FI cognitive style group, sig (0.006) 483 

< 0.05 was not normally distributed, and the FD group sig (0.105) > 0.05 was normally 484 

distributed. The assumption of data normality was not met because one of the data groups was 485 

not normally distributed. Therefore, a different test was performed using nonparametric 486 

statistics (Mann-Whitney test) as presented in Table 7. 487 

 488 
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Table 7. The results of the different tests using the Mann-Whitney test 489 

Group N Mean Rank Sum of Ranks Sig. 

CTS Field Independent 16 14.66 234.50 0.901 

Field Dependent 12 14.29 171.50  

Total 28    

 490 

DISCUSSION 491 

The results show the distribution of students' cognitive styles categorized into field 492 

independent (16 students) and field-dependent (12 students) (see Table 2). The input of 493 

students' critical thinking skills (pretest) is distributed on non critical criteria with a CT score 494 

average of -1.79 (not critical if; CTS ≤ -1.6) (see Table 3). The input of students who are not 495 

able to think critically is suspected to be due to learning that does not emphasize the critical 496 

thinking process (Suhirman et al., 2021). In addition, the dominance of the use of traditional 497 

learning models that rely on expository seems to have to be replaced with innovative and 498 

effective teaching models based on exploration activities. Previous studies have shown that 499 

traditional teaching methods cannot train students' critical thinking (Pendlington, 2005). This 500 

has also had a major impact on learning outcomes in mathematics which is still a problem 501 

(Salamah, 2020). 502 

The achievement of teaching goals towards critical thinking cannot be separated from 503 

efforts to improve the quality of learning. This effort starts from changing the learning 504 

paradigm from teacher centered to student centered. Accompanying this paradigm shift, it is 505 

necessary to implement an innovative, interactive, and effective learning model through a 506 

problem-based learning. For the purpose of improving critical thinking skills, we designed PBL 507 

in an online system (e-PBL). The teaching process using the e-PBL model has been 508 

implemented. The e-PBL pedagogical design that supports the goal of achieving critical 509 

thinking is presented in Figure 2. 510 
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 511 

Figure 2. Design of e-PBL implemented in learning 512 

Good pedagogical design in e-learning is one of the guarantees for achieving learning 513 

objectives. The requirement for a good pedagogical design in an e-learning system is to reflect 514 

the features of structured learning (Pozzi et al., 2020). The e-PBL design that we have 515 

developed is well structured with clear features regarding learning identity, learning modules, 516 

learning materials, and activities for each meeting, as well as learning activities for each phase 517 

in e-PBL. Furthermore, the implementation of learning (learning feasibility) for each learning 518 

phase with the e-PBL model was observed by two observers, and the results are presented in 519 

Table 4. 520 

Each phase of e-PBL learning is presented with an online system, and the 521 

implementation of the learning is observed (learning feasibility). There are five phases of e-522 

PBL learning, namely; phase 1) learners’ orientation on problems, phase 2) organizing students 523 

to learn, phase 3) guiding learners in the investigation process, phase 4) presenting the results 524 

of the investigation, and phase 5) reflecting the problem-solving process (Arends, 2012). The 525 

results of the learning feasibility observed by two observers showed an average LF score of 526 

3.70 with a good category (good if, 3.40 < LF < 4.21). The process assessment in this context 527 

shows that learning with the e-PBL model has been carried out well in training students' critical 528 

thinking. The control of the learning process that is carried out well cannot be separated from 529 

the feedback from the observers who have provided suggestions to optimize the learning 530 

process implemented. Feedback from observers during the learning process with e-PBL are: a) 531 

important to motivate students in learning, b) optimizing the organization of the learning 532 

process, c) diversifying authentic problems, d) encouraging interactivity and discussion among 533 
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students, e) optimizing students’ potential to build ideas, and f) optimizing the reflection 534 

process at the end of the activity. 535 

One of the factors that support success in implementing PBL is learner motivation 536 

(Harun et al., 2012). Motivation that is carried out systematically can encourage learners to 537 

achieve deep learning in PBL (Harun et al., 2012). According to (Pintrich et al., 1993) factors 538 

of interest and motivation in the learning context have an impact on the process of forming 539 

learners’ beliefs when they acquire new knowledge or are faced with new situations in learning, 540 

and even when they are presented with new information that contradicts their previous 541 

conceptions. The emphasis of motivation on all types of learning is very important. Learners 542 

may acquire a skill or behavior through learning, but before learners may not carry out the 543 

behavior until there is motivation to carry it out (Arends, 2012). For more optimal learning 544 

outcomes, using PBL motivates learners at the beginning and during the learning process 545 

(Fukuzawa et al., 2017). Optimizing the motivational process for learners with the PBL model 546 

is reported to have a positive impact on improving learners’ critical thinking skills (Festiawan, 547 

2021). Report by Prameswari et al. (2020) shows that motivation is very influential on learning 548 

outcomes in a very heterogeneous learning culture in Indonesia. Another report shows the 549 

effectiveness of PBL on students with the encouragement of learning motivation carried out by 550 

teachers (Luo, 2019). 551 

Optimizing the organization of the learning process is emphasized in this study. The 552 

observers suggest flexibility and friendliness in organizing learning so that preservice teachers 553 

are not pressured during the learning process. In organizing them for more specific tasks, cues 554 

can be an effective strategy in PBL. It is part of how teachers help learners regulate their 555 

learning process to a context that is more focused on the material being studied (Evendi & 556 

Verawati, 2021). Rivera-Pérez et al. (2021) reported that the cues strategy was effective in 557 

organizing learning. The findings in the current study are that in the aspect of organizing 558 

learners to learn. The average LF score is 3.75 with good criteria. In addition to organizing the 559 

learning process well, observers encourage lecturers to diversify authentic problems to support 560 

learners’ breadth of thinking. Presenting and solving authentic problems is the basis for 561 

building their knowledge in PBL to support their deepening of thinking (Kumar & Natarajan, 562 

2007). Authentic learning emphasizes processes that provide learning experiences for them 563 

based on the real world. This is claimed to bring positive changes in improving learners’ critical 564 

thinking skills (Yuliati et al., 2018). Authentic learning settings in mathematics are important 565 

because critical thinking in mathematics cannot develop only by repetition of knowledge but 566 

also by deep reflection on the benefits of mathematics in everyday life in an authentic context 567 
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and supports the meaning of mathematical knowledge itself (Dolapcioglu & Doğanay, 2020). 568 

The development of learners’ critical thinking in mathematics can significantly be developed 569 

with authentic learning (Dennis & O’Hair, 2010), even this is an important aspect of effective 570 

teaching methods to train 21st century skills in addition to critical thinking (Preus, 2012). Thus, 571 

it turns out that diversification of authentic problems with real-life applications is preferred by 572 

learners at all levels of their academic achievement in mathematics (Monrat et al., 2022). 573 

Furthermore, improvements made by lecturers according to feedback from observers 574 

are encouraging interactivity and discussion between preservice teachers and optimizing their 575 

potential to build ideas. As the results of previous studies, when the issue of mathematics 576 

learning content has been determined in PBL, the lecturer encourages active discussion 577 

between them so that they are trained to build their arguments. This method is part of an effort 578 

to train their critical thinking in mathematics (Aini et al., 2019). Interactivity built by the 579 

lecturer is multilateral. The interaction was done between learners-learners and learners-580 

teachers. This process control is controlled by lecturers (Firdaus et al., 2015). This interaction 581 

is identified with the level of learners’ active participation in learning, and the results of the 582 

study by Monrat et al. (2022) showed that learners were more willing to learn mathematics in 583 

an environment in which there was interesting participation and interaction. Regarding the 584 

purpose of critical thinking, preferences in learning mathematics depend on the learners’ spirit 585 

built based on learning activities so that the interactivity that is built can guide their enthusiasm 586 

for learning mathematics and support their critical thinking performance (Syafril et al., 2020). 587 

The last observer's suggestion to improve the learning process with e-PBL is optimizing 588 

the reflection process at the end of the activity. The learning reflection process is carried out 589 

by accommodating each form of reflection made by learners. Inviting them to reflect on the 590 

learning process they have gone through as a form of knowledge reproduction to build their 591 

critical thinking. In the aspect of reflecting problem-solving process, the LF criteria are good. 592 

Critical thinking is related to the reflection process carried out by learners (Ryan, 2013), and 593 

the reflection process can be a driving force for critical thinking (Trostek, 2020). Dwyer et al. 594 

(2014) explained that the reflective process is a cognitive activity and produces critical 595 

thinking. Each systematic clarification, reconsideration and correction of the learning actions 596 

that have been taken is a reflective process in the learning process that allows learners to 597 

achieve critical thinking (Procter, 2020). 598 

From the process that has been carried out well by accommodating feedback from the 599 

observers, it has an impact on increasing students’ critical thinking. The output of students’ 600 

critical thinking skills (posttest) is distributed on critical criteria, with a CT average score of 601 
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17.14 (critical if, 11.2 < CTS ≤ 17.6) (see Table 5). The criteria for increasing students' critical 602 

thinking skills scores (outcomes) are distributed on the high criteria with an n-gain score of 603 

0.73. Based on the results in Figure 1, it can be explained that there are similarities in changes 604 

in students’ critical thinking skills scores between the two groups of cognitive styles, each of 605 

them with high criteria (n-gain of 0.73). Likewise with pretest-posttest, students’ critical 606 

thinking skills from both groups of cognitive styles (FI and FD) increased from not critical to 607 

critical.  608 

Statistical analysis has been carried out in order to strengthen the impact of e-PBL on 609 

the performance of students' critical thinking skills in each cognitive style (see Table 7). The 610 

results in Table 7 indicate the value of sig (0.901) > 0.05, which means that there is no 611 

difference in students’ critical thinking skills between the FI and FD cognitive style groups. 612 

The critical thinking skills of students with both cognitive styles improved due to the 613 

implementation of the e-PBL model. This clearly demonstrates the effectiveness of the e-PBL 614 

model for the purpose of enhancing critical thinking. The results of the assessment of critical 615 

thinking skills by implementing the e-PBL model are presented in Figure 3. 616 

 617 

 618 

Figure 3. Assessment of critical thinking skills of implementing e-PBL model 619 

The results of the assessment of students’ critical thinking skills have shown the 620 

effectiveness of the e-PBL model, this provides an opportunity to implement this model 621 

extensively and intensively in lectures. Mathematical problem-solving interactivity is built in 622 

the e-PBL model through well-organized and well-run learning phases with virtual or digital 623 

learning systems (online learning). The online learning system is a bridging problem-based 624 

learning implementation. The digital learning system is considered a new learning format as a 625 

way to achieve the expected learning goals (Lee & de Vries, 2019).  626 

In the context of this present study, e-PBL can improve students’ critical thinking skills. 627 

The results of this study are in accordance with previous studies by Portuguez-Castro & 628 
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Gómez-Zermeño (2020), when learning is oriented towards real-world problems that are 629 

presented online, it can invite learners’ interest in learning, and create more meaningful 630 

learning. All the advantages in the PBL model still make it a suitable learning model even 631 

though it is applied through online learning, through PBL students reproduce the knowledge 632 

gained into critical thinking (Sattarova et al., 2021). Therefore, the problem-based learning 633 

model presented online is considered an attractive, ideal and relevant distance learning tool in 634 

training students’ learning skills and interactions (Morgado et al., 2021). The learning 635 

atmosphere feels more attractive in the packaging of the e-PBL model. This guarantees an 636 

increase in active learner involvement in learning and thinking skills that lead to critical 637 

thinking, as stated by (Wang, 2021) that a positive atmosphere built in PBL can lead to on the 638 

achievement of the expected learning objectives. 639 

LIMITATIONS 640 

Despite the success in the current study, researchers acknowledge some limitations to 641 

the study. First, in the implementation of e-PBL there is no control group as a comparison, so 642 

the assessment of changes in preservice teachers’ critical thinking skills is based on scores 643 

before and after the e-PBL intervention. The effect of e-PBL will be more visible if a 644 

comparison group is used. Second, this research assesses critical thinking skills only based on 645 

learners’ cognitive style, and future research needs to assess the differences between male and 646 

female preservice teachers in terms of experience and changes in critical thinking skills in 647 

mathematics. Third, triangulation of process data was confirmed by lecturers and observers, 648 

but the current study did not assess preservice teachers’ responses. Future research needs to get 649 

a response to the process carried out by confirming preservice teachers’ responses in learning 650 

using e-PBL. Several limitations in this study become recommendations for future research 651 

improvements. 652 

 653 

CONCLUSION 654 

Assessment of students’ critical thinking skills in terms of cognitive style has been 655 

carried out by implementing the e-PBL model in mathematics courses. The assessment on the 656 

input aspect shows that the critical thinking skills of students with FI/FD cognitive style are in 657 

the uncritical category. The process aspect shows that the learning feasibility of the e-PBL 658 

model has been implemented well, so that it has an impact on the output of students’ critical 659 

thinking skills, where the students’ critical thinking skills with FI/FD cognitive style are in the 660 

critical category after the implementation of e-PBL. The outcome assessment shows the 661 
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effectiveness of the e-PBL model in improving students’ critical thinking skills, so this is a 662 

recommendation for the widespread and intensive use of e-PBL. 663 
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Reviewer 1 

The authors of EJMSTE-14421-2022 “Assessing Students' Critical Thinking Skills Viewed from 

Cognitive Style: Study on Implementation of Problem Based e-Learning Model in Mathematics 

Courses.” After reading this manuscript carefully, I find the manuscript is well written and the 

issues are interesting for readers to know more about critical thinking skills. Below are my 

comments as a consideration to improve the submitted manuscript. 

Comment 1. In the Introduction section, authors narate the importance of critical thinking skills 

to be trained and improved. It is in line with the current situation for facing e-learning, and the e-

PBL model is assumed as an oppurtunity to develop students’ critical thinking skills continously. 

However, this part doesn’t put elaboration in detail about FI and FD. Both possibly are emerged 

suddently in the abstract and method parts. Please, author must give explanation briefly on the 

two varibales in the Introduction part. In the information processing ways, cognitive styles are 

distinguished into FI and FD (Line 118-119). Please, provide explanation in detail about 

differences of the two. 

Comment 2. In the method section, students’ critical thiniking skills are measured using tests for 

critical thinking skills on indicators of analysis, inferences, evaluation, and making decision 

(Line 173-176). Provide elaboration in detail why the indicators are employed here (it can be 

mentioned in Introduction section). 

Comment 3. In the method section, using the same criteria in the LF range is different, “not 

good (1.79 < LF < 2.60), and not good (LF < 1.79)” (Line 180-181). Revise this part. 

Comment 4. In the method section, provide scoring criteria (n-gain) according to Hake’s 

formula (Line 190-191). 

Comment 5. In the discussion section, I recommend authors to make strong findings with 

comparing the research findings and previous relevant studies. 

 

Reviewer 2 

1. The contents of the introduction presented need a connection with the research done. Page 3, 

What is the link between negative perceptions of mathematics and this study? 

2. On page 3, the researcher stated that critical thinking is an urgent need, but his writings do not 

describe the essential critical of thinking that exists in students so that it is sampled. Low pretest 

graders are due to students not getting the material. Improved results could be because students 

have gained knowledge of mathematical materials. 

3. There is no information about the validity of the instrument. 

 

Reviewer 3 

Thank you for a well-written manuscript that focuses on the impact of the Problem-Based e-

Learning model on students' critical thinking skills in mathematics. Please find my comments 

below: 

 



1. Please strengthen the conceptual defintions of the "critical thinking skills" construct and its 

connections to mathematical thinking and reasoning, as well as problem solving. The NCTM 

competencies framework would be useful in making the meaningful connections. 

2. Please strengthen the connections between critical thinking skills in mathematics and the 

assessment model 

3. It is unclear to me that whether the Kitpatrick's model was used to design and develop the e-

PBL intervention? How did the intervention look like and how was it implemented? On p. 6, you 

stated "The e-PBL model is conducted on the material of a linear equation system, where the 

implemetation of learning is carried out for four meetings (for assessment of process)". Please 

provide an explanation on the material. It looks like the intervention was short. What were 

revaled by your observations in terms of the process of implementation? Any feedback from the 

teachers and students? 

4. It would be good to provide a description of the research context. Did the teachers and 

students in Indonesia perceive the value of e-PBL in the same way due to cultural differences? 

Was the model implementated using the local language? 

5. Was the Critical Thinking Ability Tests validated in the context of Indonesia? What were the 

psychometric properties? Were the pre- and post-tests taken by your student participants in 

Bahasa Indonesia? 

6. In Table 4, your presented the learning feasibility with the e-PBL model. Did the two observes 

code on an observational tool or protocol? What was the intercoder reliability? 

7. You claimed that the e-PBL model improved students' critical thinking skills. But there was no 

control/comparison group. Change in students' critical thinkinghs skills was only based on their 

pre- and post-intervention scores. There are other confounding various or rival hypotheses to be 

ruled out first. So making a causation in the context of your study is a bit premature. 

8. Were there differences between male and female students in terms of their experiences and 

change in critical thinking skills in mathematics? 

9. Did the two sets of data (assessment and observations) triangulate to help explain the findings? 

10. Please strengthen your discussion and add limitations of your study. Thanks. 
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Abstract 

The digitalization system that continues to roll has brought changes to the learning system, where 

face-to-face learning is replaced by an online system. On the one hand, learning experiences to 

acquire critical thinking (CT) skills as one of the essential skills of the 21st century must also be 

encouraged. The objective of this study is to assess students’ CT skills in terms of cognitive style 

by implementing the problem-based e-learning (e-PBL) model in mathematics courses. This study 

is an evaluative study with an experimental approach, where as many as 28 students as research 

samples were taken purposively from Mandalika University of Education, Indonesia. A set of 

instruments was prepared to measure every aspect of CT and cognitive style, including descriptive 

and statistical data analysis so that the results of the CT assessment were found. In general, the 

results of the CT evaluation show that e-PBL is effective in improving students’ CT skills, so this is 

a recommendation to use e-PBL widely and intensively. 
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INTRODUCTION 

Equipping students with critical thinking (CT) skills 
is a fundamental task of a university in the 
contemporary higher education system in the current 
century (Erikson & Erikson, 2019), and the intervention 
of CT teaching programs in classrooms must be 
optimized so that it becomes a way for the university to 
develop students’ CT (Bezanilla et al., 2019). There are 
many opportunities for universities to build students’ 
culture of CT, one of which is by modernizing the 
education and teaching system that leads to the 
achievement of CT (Dekker, 2020).  

CT as “core graduate competencies” has been widely 
recognized in modern education systems in many 
countries (Szenes et al., 2015), and the achievement of 
quality education is in line with learners’ CT 
performance (Gilmanshina et al., 2021). Many previous 
studies have proven that good academic performance 
and cognitive learning outcomes are related to student 

performance in CT (D’Alessio et al., 2019; Ghanizadeh, 
2017; Siburian et al., 2019).  

The development of STEM education leads to CT, 
and mathematics is considered the most prominent key 
to successful teaching of other disciplines (Romero Ariza 
et al., 2021). Mathematics is the foundation that supports 
all fields of science. It’s just that students’ negative 
perceptions of mathematics become an obstacle to 
teaching (Evendi & Verawati, 2021). Provided with 
numbers, calculations, formulas, and applying 
traditional teaching methods which are not innovative 
make mathematics a nightmare for most students. 
Finally, in many applications of teaching mathematics 
traditionally do not get promising results (Pendlington, 
2005).  

To make sure the condition, researchers observed a 
group of preservice teachers taking the general 
mathematics course at the Mandalika University of 
Education, Indonesia. Learning observations were 
carried out around the middle of 2021, in which offline 
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learning have been implemented in Indonesia. The 
observation findings showed that the traditional 
expository teaching was conducted. Preservice 
mathematic teachers solve mathematical problems by 
applying the knowledge presented by lecturers. 
Furthermore, researchers discussed these cases with the 
teaching staff. Qualitatively, the obtained information 
showed that learners had low participation or activeness 
and motivation to learn. The authentic problem-solving 
abilities were also a problem. The touch of getting used 
to mathematical reasoning in authentic situations was 
less emphasized. The findings of this observation are in 
accordance with the report of Moreno-Guerrero et al. 
(2020) that traditional expository teaching in 
mathematics showed the number of students who were 
motivated in a class was 6.6%, a good participation rate 
in the teaching materials content being taught was 4.9%, 
good learning outcomes performance (realization of 
content in problem-solving actions) was 11.5 %, and a 
good perception of the pedagogical action qualifications 
by teachers was 14.8%. 

The focus of teaching mathematics, in general, is on 
background knowledge about the topic (encouraging 
learners to know). With knowledge, learners are 
required to find solutions to the existing problems 
(learners’ encouragement to do). Between these two 
goals, the most important component of the way they 
solve mathematical problems is deep understanding 
(Dolapcioglu & Doganay, 2020). Deep understanding 
can only develop along with the development of CT 
(Peter, 2012). Interpretation of deep understanding of 
mathematical knowledge involves a number of learning 
experiences, including; skills of making comparisons, 
finding solutions and evaluating supporting evidence, 
offering new ways to attain solutions (Dolapcioglu & 
Doganay, 2020). The learning experience is a sub-
component of what is known as CT (Elder & Paul, 2012; 
Ennis, 2011). 

CT is an intellectual process within cognitive 
dimensions in actively reasoning. In essence, it is a 
reasoning process (Elder & Paul, 2012). In the definition 
widely, CT is identified as “reasonable and reflective 
thinking, which is focused on deciding what to believe 
or do” (Ennis, 2018). On the one hand, the foremost hope 
in all types of instructional mathematics is thinking and 
reasoning skills (Animasaun & Abegunrin, 2017). In the 
framework of the National Council of Teachers of 

Mathematics (NCTM) explicitly states reasoning as the 
foundation of teaching mathematics because it is not 
enough for learners to know and remember facts only. 
The development of CT skills is absolutely necessary for 
learners to have good mathematics achievement 
(NCTM, 2000). Mathematical reasoning, according to 
NCTM (2000), involves drawing logical conclusions 
based on evidence. This conception is the same as the 
concept of CT in the perspective of other experts (e.g., 
Dewey, 1933; Elder & Paul, 2012; Ennis, 2018). Their CT 
standards contain some detailed indicators, but what is 
a strong dimension of each CT indicator, according to 
experts, is skills to analyze, inference, evaluate, and 
make decisions. In this current study, these indicators of 
measuring CT skills were applied. 

The focus of reasoning becomes important in 
teaching mathematics in the classroom, and bringing this 
focus depends on; the selection of tasks and learning 
experiences that are valuable to develop reasoning 
including a supportive classroom environment, 
managing learning effective discourse, and conducting 
assessments to monitor learners’ reasoning progress 
(NCTM, 2000). Maulyda (2020) in her book “Mathematics 
learning paradigm based on NCTM” states that every 
learning process (LP) needs to be evaluated which aims 
to measure the success level of the LP carried out and the 
goals achieved. The evaluation should be able to meet 
the criteria for each stage as well as the indicators 
enacted as part of a reflection of the learning success 
conducted (Maulyda, 2020). Finally, the progress of 
learners’ reasoning or CT can be identified by assessing 
them. 

In the context of this study, researchers see an urgent 
need for CT to become an aspect or dimension of 
thinking emphasized in learning mathematics. First, 
mathematics teaching is generally focused on mastering 
the content or topic being studied (content knowledge) 
and mathematical problem-solving skills using content 
knowledge (Dolapcioglu & Doganay, 2020). For this 
reason, CT skills are needed as cognitive bridging to 
understand and solve problems in mathematics. The 
forms of CT encouragement in mathematical problem 
solving have been explored. This involves the process of 
building mathematical arguments (Ayalon & 
Hershkowitz, 2018; Wood et al., 2006) and evaluating 
evidence (Dogruer & Akyuz, 2020). Second, until now, 
the achievement of mathematics learning competencies 

Contribution to the literature 

• Critical thinking (CT) in the modern education system is considered a “core graduate competency” and is 
one of the most important skills in the 21st century. 

• For the purpose of improving CT, affective and innovative learning models need to be implemented, one 
of which is the problem-based learning (PBL) model which is presented online (e-PBL). 

• Students’ CT skills viewed from cognitive style are assessed as a result of the implementation of the e-PBL 
model. 
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is still a challenge (MacDonald, 2020), especially how 
mathematics learning is directed for the purpose of CT 
(Romero Ariza et al., 2021). Previous studies have shown 
that there is a significant and interrelated relationship 
between CT and learners’ academic achievement (Guner 
& Gokce, 2021), so that the role of lecturers is 
increasingly vital in building and training learners’ CT 
skills. Innovative learning modes are needed as an 
intervention that is considered the most effective for 
lecturers in training learners’ CT. 

In the current research context, previous studies have 
extensively implemented multiple learning modes for 
the achievement of mathematics learning competencies, 
especially for CT, starting from models, approaches, 
strategies, teaching techniques, and others. This is in line 
with what was stated by Pendlington (2005) that the use 
of effective learning strategies needs to be implemented 
if lecturers want to make progress in teaching 
mathematics. One of the innovative learning models that 
have the potential to train students’ CT is the problem-
based learning (PBL) model (LaForce et al., 2017; Savery, 
2006). Through presenting problems, students can create 
new knowledge products (Hung, 2011), improve their 
understanding of concepts, and positively affect their 
long-term knowledge retention (Li & Tsai, 2017). This 
pedagogy also has an impact on students’ better 
mathematical reasoning performance (Wirkala & Kuhn, 
2011). Exploratory processes in problem-solving help 
train students’ CT (Calkins et al., 2020).  

Along with the digitalization system that continues 
to grow rapidly, interest in the internet and virtual 
learning has brought changes to the learning system, 
where face-to-face learning is replaced by an online 
learning system (e-learning) (Palvia et al., 2018). This is 
also the impact of COVID-19 that has hit people in all 
parts of the world, which forces learning to be carried 
out using an e-learning system (Muliadi et al., 2021). We 
see this as a very good opportunity to conduct the PBL 
model towards virtual learning. In the context of this 
study, it is called problem-based e-learning (e-PBL). In 
its implementation, e-PBL still adheres to the principles; 
based on contextual, constructive, and collaborative 
problems, only teaching with the PBL model is carried 
out using an online system. Long before massive online 
learning was implemented, PBL had been tried to be 
conducted using a blended learning format and was 
found to be effective in its implementation in accordance 
with the principles in PBL (de Jong et al., 2017).  

In the context of the current study, researchers apply 
the e-PBL model in mathematics lectures and assess 
students’ CT skills in terms of cognitive style, in our best 
knowledge, this has never been done. The study of 
assessment of students’ CT skills on the implementation 
of the e-PBL model is emphasized in the context of the 
assessment it can be an adequate guide to direct the 
improvement of learning performance (Zaqiah et al., 
2018). For the purpose of CT, the context of cognitive 

style is an important aspect that must be considered. A 
learner’s success in CT depends on his cognitive style 
(Verawati et al., 2020). Cognitive style is identified with 
the ways in which individuals process information and 
affect their thinking performance (Viator et al., 2020).  

Cognitive style is reported to have an impact on 
individual performance in learning (strengthening or 
weakening) (Arifin et al., 2020; Armstrong et al., 2012). 
Ways of processing information with a good level of 
consistency are identified with cognitive style. It starts 
from understanding information, organizing and 
processing information, and then reproducing 
information (Rayner & Cools, 2011). Previous studies 
have reported that cognitive style is related to 
information processing, and both are predictors of 
individual commitment to planning (George et al., 2018). 
Cognitive style in cognitive psychology terminology, its 
implications are expanded as a preference for 
performance information (Kroll, 2014) and decision 
making (Nutt, 2006). Processing information to make 
correct decisions is the goal of CT. Therefore, cognitive 
style has a correlation to CT (Susandi et al., 2019). 

Cognitive styles are divided into field-dependent 
(FD) and field-independent (FI), both of which differ in 
ways of processing information (Witkin & Goodenough, 
1981). A study by Altun & Cakan (2006) revealed that 
individuals with FD cognitive style were better at 
remembering social information, stories, conversations, 
and social problems, but on the contrary for individuals 
with FI cognitive style. Learning social and 
environmental aspects is more interesting for FD 
individuals, while analytical learning about science is a 
favorite for FI individuals (Pithers, 2002). This is like the 
results of a study by Witkin et al. (1977) that FD learners 
relatively have an interest in learning domains that do 
not emphasize cognitive restructuring skills, but FI 
learners do the opposite. FI learners were found to 
perform better on formal operations tasks when 
compared to FD learners (Witkin & Goodenough, 1981). 
Finally, researchers generally identify FD individuals as 
social learners and FI individuals as independent 
learners. But whatever it is, both types of cognitive styles 
are important for the acquisition of CT and of course, 
with appropriate teaching interventions to support it. 
The study of the learners’ cognitive style can assist 
lecturers in adjusting learning methods to achieve the 
expected goals (Onyekuru, 2015). 

Research Problem 

The trend of using mobile technology among 
students and along with the digitalization system that 
continues to roll, interest in the internet and virtual 
learning has brought changes to the learning system, 
where face-to-face learning is replaced by an online 
system. On the one hand, learning experiences to acquire 
CT skills as one of the essential skills of the 21st century 
must also be encouraged. We see this as a challenge as 
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well as an excellent opportunity to conduct student-
centered constructivist learning, one on the other is PBL 
taught the online system. In our research context is called 
e-PBL. If it is associated with cognitive style, students’ 
CT skills need to be assessed as the impact of 
implementing e-PBL so that it becomes a consideration 
in the widely and intensive use of e-PBL. 

Learning construction must be in line with the 
objectives to attain. The way is by conducting an 
assessment of the induced learning program. Therefore, 
the assessment becomes part of the course system 
(Cassano et al., 2019; Katz, 2021). The assessment is 
expected to be an adequate guide to direct the 
improvement of learning performance (Zaqiah et al., 
2018).  

Frye and Hemmer (2012) conducted a review of 
several existing assessments and evaluation models, and 
the use of Kirkpatrick’s (1996) four-level approach is 
most suitable as a model for evaluating learning 
achievement in teaching or training programs. This 
model consists of; the reaction of learners to the existing 
learning conditions, the size of the LP that was carried 
out, changes in behavior or results according to program 
objectives, and the final results of program efficacy that 
provide recommendations for their use in a wider 
context. Frye and Hemmer (2012) simplify Kirkpatrick’s 
framework with assessment structure; input, process, 
output, and outcome. 

Based on the information that has been described, the 
research problems are described, as follows:  

1. How is the input of students’ CT skills in terms of 
cognitive style before the implementation of the e-
PBL model?  

2. How is the LP using the e-PBL model to improve 
students’ CT skills?  

3. How is the output of students’ CT skills in terms 
of cognitive style after the implementation of the 
e-PBL model?  

4. What is the outcome of the e-PBL model in 
improving students’ CT skills?  

Based on the description of the problems, then the 
specific objective of this study is to assess students’ CT 
skills in terms of cognitive style by implementing the e-
PBL model in mathematics courses. Assessment is 
carried out on the aspects of input, process, output, and 
outcome. 

Context of the Study 

A new paradigm has been promoted in the higher 
education system in Indonesia since the “Independent 
learning-independent campus” program was launched in 
early 2020. In this program, universities are expected to 
become a pool of talent for learners who are able to think 
critically. The development of autonomous and flexible 
multimode learning in universities is encouraged to 

create an innovative learning culture. Digital learning 
schemes are encouraged to provide a more interactive 
learning experience for learning actors and of course, 
must be supported by adequate pedagogical 
infrastructure. Research collaboration between 
universities is encouraged so that the problem of 
learning quality at one university can be supported by 
other universities. 

The present study was conducted at the Mandalika 
University of Education, which is the oldest private 
university in eastern Indonesia, precisely in the province 
of West Nusa Tenggara. In the midst of the high 
expectations of the Indonesian government in the 
“Independent learning-independent campus” program, 
researchers see a very good opportunity in 
implementing e-PBL to train preservice teachers’ CT 
skills in the context of this study, especially at the 
Mandalika University of Education. This is also in line 
with the distance learning policy implemented during 
the COVID-19 pandemic. However, the cross-cultural 
implications of being a challenge in the implementation 
of PBLA study by Choon-Eng Gwee (2008) reports that 
the inclusiveness of PBL is active learning with an open 
communication style, while the cultural character of 
Asians is reticence. Actually, there are many sides of the 
strength of Indonesian culture that not many people 
know about. This culture includes; love to work 
together, collaborate, and open to diversity. On this 
basis, cooperative learning is widely used by teachers in 
Indonesia (Karmina et al., 2021). 

Opportunities for successful implementation of e-
PBL are becoming more open with a culture of 
collaboration in Indonesia. The cross-cultural PBL 
ethnographic study by Krishnan et al. (2011) report that 
PBL arrangements benefit most if they use a 
collaborative approach. With electronic learning in PBL 
being the entry point in teaching PBL well, interactivity 
provides opportunities for a learning culture as desired 
by PBL.  

To avoid interactivity barriers, researchers use the 
mother tongue in implementing e-PBL. It is used so that 
the content can be understood by students and learning 
can run well. This ensures that lecturers and preservice 
teachers view PBL in the same way. A study by Gwee 
(2008) reports that learners’ lack of proficiency in English 
has the potential to have a serious impact on PBL 
tutorials in Asia, including Indonesia, which makes 
English a second language.  

To support the implementation of learning, learning 
tools and test instruments are prepared in the 
Indonesian language. This is to avoid mistakes in 
understanding when using a language other than the 
native language. They were validated by expert 
validators from Indonesia with psychometric properties 
that measured validity and reliability. 
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METHODS 

Type of Study 

This study is categorized as an evaluative study with 
an experimental approach, where the assessment of 
students’ CT skills uses Kirkpatrick’s (1996) four-level 
approach. It was simplified by Frye and Hemmer (2012) 
with assessment structure; input, process, output, and 
outcome. Meanwhile, the experimental approach (one 
group pre- post-test design) was employed to know the 
effectiveness of the e-PBL model in improving students’ 
CT skills in terms of cognitive style. It should be noted 
that in the present study, the Kirkpatrick’s (1996) model 
was not used to design and develop e-PBL but was used 
to assess CT based on e-PBL interventions, of course, the 
process of how CT is trained becomes part of the focus 
of this study. The input aspect shows the reaction of 
participants to the existing conditions, according to the 
context of this study, the reaction in question is the 
performance of CT skills before the e-PBL model 
intervention. The process aspect, showing the size of the 
LP that is conducted, is related to the intervention of the 
e-PBL model and assessing the implementation of 
learning (learning feasibility [LF]) in training CT. The 
output aspect, showing changes in behavior or results 
according to the objectives of the learning program, is 
subjected to the assessment of CT skills after the e-PBL 
model intervention. The outcome aspect, showing the 
final results of the program’s efficacy which provides 
recommendations for its use in a wider context, is 
associated to the assessment of the effectiveness of the e-
PBL model in improving students’ CT skills. 

Participants 

The research sample was taken purposively 
involving 28 students taking general mathematics 
courses at the Faculty of Science and Engineering, 
Mandalika University of Education, Indonesia. From the 
28 samples, 10 were female and 18 were male, with an 
average age of 19-20 years. Research on each component 
of the assessment starting from input, process, output, to 
outcome, is carried out for at least seven meetings. The 
e-PBL model is conducted on the material of a linear 
equation system, sub-material I (definition, general form 

of linear equation for two and three variables, solving 
linear equation, and interpretation); sub-material II 
(general form of linear equations for n-variables, solving 
linear equation for n-variable, and interpretation); sub-
material III (solving linear equations by using the Gauss 
elimination method, and inverse matrix methods); sub-
material IV (quadratic linear equations). The 
implementation of learning is carried out for four 
meetings (for assessment of process). In addition to 
preservice mathematic teachers as research samples, the 
participants involved in the LP are two observers. The 
observers are tasked with observing the LP (LF), and 
providing feedback for improvements to the LP using e-
PBL. Observer criteria are those who have disciplines in 
the field of learning mathematics, understand the online 
LP, and have experience as observers in similar studies. 

Instruments, Procedures, and Analysis 

The assessment components, assessed variables, 
instruments, and analysis based on Kirkpatrick’s four-
level approach are presented in Table 1. 

Learning tools and test instruments were prepared to 
support the implementation of this study. Learning tools 
and test instruments are prepared in learners’ national 
language (Indonesian language). It is to avoid mistakes 
in learners’ understanding when using a language other 
than their native language, as well as validation 
instruments. The best psychometric properties of an 
instrument are in terms of its validity and reliability 
(Souza et al., 2017). Researchers use these parameters to 
test the developed instrument. The validated tools and 
instruments consist of learning scenarios, e-modules, 
and CT skills test instruments. Validity refers to the 
quality of learning instrument products in terms of 
content and construct validity aspects (Akker et al., 
2013). Content validity refers to the extent to which the 
test measures the content domain to be measured. It is 
related to the domain definition, domain representation, 
and domain relevance (Sireci & Faulkner-Bond, 2014). 
Meanwhile, construct validity refers to the extent to 
which the operationalization of the construct is defined 
by a theory (Cronbach & Meehl, 1955). 

Afterward, a validation instrument was prepared 
and sent to two validators for feedback. Validators were 

Table 1. Components of assessment based on Kirkpatrick’s (1996) four-level approach 

Components Assessed variables Instrument & data sources Analysis 

Input Assessing CT skills before the 
conduct of the e-PBL model. 

CTS test conducted on students. Descriptive 

Process Assessing the implementation 
of learning (LF) with the e-PBL 

model in training CT. 

Observation sheet on the implementation of learning with the 
e-PBL model. 

Descriptive 

Output Assessing CT skills after the 
conduct of the e-PBL model. 

CTS test conducted on students. Descriptive 

Outcome Assessment of the effectiveness 
of e-PBL in improving CT 

skills 

n-gain analysis (increasing CT scores after the implementation 
of e-PBL), and different tests of students’ critical thinking skills 

between pre- & post-test, and in each cognitive style group. 

Statistical 

 



Evendi et al. / Assessing students’ critical thinking skills 

 

6 / 15 

selected based on criteria, in which they are specialists in 
learning mathematics and have experience in teaching 
mathematics at universities for more than ten years. 
They provide feedback by providing a validity 
assessment. The data from the validation results were 
analyzed descriptively qualitatively, namely by 
averaging the scores obtained from the validators. The 
validity assessment uses a five scale (highest score 5, 
lowest score 1), where the scores obtained from the 
validator’s assessment are converted into intervals and 
categorized: very valid (Va>4.21), valid (3.40<Va<4.21), 
moderately valid (2.60<Va<3.40), less valid 
(1.79<Va<2.60), and invalid (Va<1.79) (Prayogi et al., 
2018). Furthermore, reliability is the level of consistency 
of an instrument in terms of its validity, using the 
percentage of agreement (PA) parameter (Emmer & 
Millett, 1970). The validation results on the content 
validity aspect show that the learning scenarios, e-
modules, and CT skills test instruments all have valid 
criteria with validity scores of 3.61, 3.58, and 3.46, 
respectively. Likewise, in the aspect of construct validity, 
the three criteria are valid with a validity score of 3.83 for 
the learning scenario, 3.63 for the e-module, and 3.50 for 
the CT skills test instrument. PA for the learning scenario 
is 95.30 (reliable), e-module is 97.63 (reliable), and CT 
skills test instrument is 98.84 (reliable). Based on these 
results, the tools and instruments are appropriate to be 
used in this study. 

Before implementing the e-PBL model, each students’ 
cognitive style was identified using the group embedded 
figure test (GEFT) so that each group was found in the 
FD or FI cognitive style category (Witkin et al., 1977). The 
GEFT instrument has been tested empirically and is 
declared valid and reliable based on previous studies 
(Panek et al., 1980), with the results of the GEFT 
empirical validity of 0.95 (p<0.001) with a reliability of 
r=0.96 (p<0.001). The learners’ cognitive style data were 
then analyzed descriptively. If the individual scores in 
the range 0-11, then it is categorized as FD, and in the 
score range 12-18 is categorized as FI.  

Students’ CT skills were measured using a CT skills 
test (CTS test) instrument (as a pretest and posttest), the 
test instrument was in the form of an essay with eight 
test items accommodating CT indicators; analysis, 
inference, evaluation, and decision making (instruments 
are declared as valid and reliable). After the pretest, the 
e-PBL model was implemented and the LF was analyzed 
using an observation sheet involving two observers. 
Observers are involved in online learning that is 
conducted and make direct observations of the LP. The 
results of the observations are recorded on the LF 
observation sheet prepared by researchers, which 
includes feedback on the observer’s suggestions on the 
LP in general. Feedback from observers is delivered 
through discussions between lecturers and observers for 
20-30 minutes after the learning is finished in each 
meeting. Feedback is a process of reflection on learning 

that has been carried out. This is identified with the 
process of monitoring and evaluating learning 
performance (Verawati et al., 2021). The learning 
implementation data were analyzed descriptively by 
averaging the observed scores on five rating scales, and 
converted according to the interval criteria; very good 
(LF>4.21), good (3.40<LF<4.21), quite good 
(2.60<LF<3.40), less good (1.79<LF<2.60), and not good 
(LF<1.79) (Prayogi et al., 2018). In this phase, process 
evaluation is carried out where the LF criteria of the e-
PBL model are at least “good.”  

Data analysis of the CT skills of each student was 
carried out descriptively with five scoring levels, -1 as 
the lowest score to +3 as the highest score (Prayogi et al., 
2018). The performance of CT skills of each student is 
categorized into categories; very critical (CTS>17.6), 
critical (11.2<CTS 17.6), moderately critical (4.8<CTS 
11.2), less critical (-1.6<CTS 4.8), and not critical (CTS -
1.6) (Verawati et al., 2020). In this phase, output of the 
implementation of e-PBL (post-test) is at least “critical.” 

The outcome phase analyzes the effectiveness of the 
e-PBL model in improving students’ CT skills. This is 
measured by increasing their CT scores using n-gain 
analysis. The criterion for increasing the score is declared 
high if the n-gain is greater than 0.70, the criterion is 
moderate if the n-gain score is 0.30 to 0.70, and low if it 
is less than 0.30 (Hake, 1999). N-gain indicates a change 
or increase in CT skills scores between pretest and 
posttest after the implementation of the e-PBL model. 
The e-PBL model is declared effective if the n-gain is 
“high.” The effectiveness of e-PBL was also evaluated 
from the difference in CT scores in each group of FI and 
FD cognitive styles. The hypothesis being tested is that 
there is no difference in students’ CT skills for each 
cognitive style with the implementation of the e-PBL 
model. This was tested statistically using a different test 
preceded by a normality test, each at a significance level 
of 0.05. 

RESULTS 

Input: Assessment of Critical Thinking Skills Before 
Implementing the E-PBL Model 

Referring to Kirkpatrick’s (1996) evaluation 
approach, the assessment of the input component is the 
identification phase of the initial condition of students’ 
CT skills before the learning program with the e-PBL 
model is conducted. To find out this condition, an 
analysis of CT skills (pretest) was carried out. But, before 
this begins, an analysis of the cognitive style of each 
student is first carried out, and the result is as presented 
in Table 2. The result of input assessment is presented in 
Table 3, where this is an assessment of students’ CT 
skills before learning program with e-PBL model. 
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Process: Assessment of Learning Feasibility with the 
E-PBL Model 

The process component is the implementation phase 
of learning with the e-PBL model, wherein this phase the 
LF is analyzed during the LP using the e-PBL model. The 
implementation of learning (LF) for each learning phase 
with the e-PBL model was observed by two observers, 
and the results are presented in Table 4. 

Observational data were checked for validity (results 
confirmed by researchers) through discussion. 
Furthermore, feedback in the form of suggestions and 
comments from observers is then discussed at the end of 
the learning meeting. The results of the discussion of the 
LP with the observers qualitatively are, as follows. 

The first meeting feedback 

Observer 1: Before starting the lesson, the lecturer 
should make apperception and motivation related to the 
LP that will be carried out. Furthermore, flexibility and 
friendliness in organizing the LP need to be built so that 
students are not pressured during the LP. But in general, 
the learning steps have been carried out well. 

Observer 2: It is necessary to diversify (diversify) 
authentic mathematics problems in everyday life in 
order to open students’ mathematical insight, the rest on 
the implementation of learning is deemed adequate. 

The second meeting feedback 

Observer 1: Orienting learners to problems still 
becomes an obstacle, even though this looks good, but 

the emphasis on authentic problems needs to be better to 
train the development of learners’ CT.  

Furthermore, in the phase of presenting the results of 
the investigation, lecturers have not been optimal yet in 
building discussion interactivity amongst learners. 

Observer 2: The reflection process at the end of the 
activity is very important, it can have an impact on 
strengthening students’ CT, but the lecturer has not 
optimized this opportunity at the second meeting of 
learning. 

The third meeting feedback 

Observer 1: Overall, all PBL phases at the third 
meeting have been carried out well, discussion 
interactivity is good, and lecturers have optimally 
guided learners in investigations.  

Observer 2: In presenting the results of the 
investigation, the lecturer must optimize the potential of 
learners to build their ideas, there are still a small 
number of learners who are less active in this discussion. 

The fourth meeting feedback 

Observer 1: Orienting learners to authentic problems 
is good, as well as the learning phase that follows. The 
learning reflection process must accommodate each 
form of reflection that learners do.  

Inviting learners to reflect on the LP they have gone 
through needs to be optimized as a form of knowledge 
reproduction to build learners’ CT.  

Observer 2: The overall observation results show that 
the LP is well implemented, the implementation of 
learning is in accordance with the established e-PBL 
phase. 

Output: Assessment of Critical Thinking Skills After 
the Implementation of the E-PBL Model 

In the output component, the changes in CT skills 
were assessed after the implementation of the e-PBL 
model. This was analyzed by conducting a posttest on 
students’ CT skills. The results of the output assessment 
are presented in Table 5. 

Table 2. Student cognitive style test results 

Cognitive style Score range N % 

FI 12-18 16 57.14 

FD 0-11 12 42.86 

Total 28 100 
 

Table 3. Results of input assessment of students’ CT skills 

Cognitive style N 
Input (pre-test) 

Criteria 
CT SA CT SR 

FI 16 -1.63 CTS≤-1.6 NC 
FD 12 -2.00 CTS≤-1.6 NC 

Average -1.79 CTS≤-1.6 NC 

Note. SA: Score average; SR: Score range; NC: Not critical 

Table 4. Learning feasibility with the e-PBL model 

e-PBL phases 
1st meet 2nd meet 3rd meet 4th meet 

Average Criteria 
O1 O2 O1 O2 O1 O2 O1 O2 

1. Learners’ orientation on problems 3 3 3 4 4 3 4 4 3.50 Good 
2. Organizing learners to learn 4 4 4 4 4 4 3 4 3.75 Good 
3. Guiding learners on investigation process 4 4 4 4 5 4 4 4 3.88 Good 
4. Presenting investigation results 4 4 3 4 4 3 4 3 3.63 Good 
5. Reflecting problem-solving process 4 4 4 3 4 4 3 4 3.75 Good 

LF score average 3.70 Good 
Note. O: Observer; LF: Learning feasibility 
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Outcome: Assessment of the Effectiveness of E-PBL in 
Improving Critical Thinking Skills 

Finally, the evaluation of the outcome component. In 
this phase, the effectiveness is evaluated in improving 
students’ CT skills, so that it becomes a recommendation 
for the use of e-PBL in a broad and intensive teaching 
program. The outcome assessment benchmark is based 
on the results of the n-gain analysis (increased CT score 
after the implementation of e-PBL), and the different test 
of students’ CT skills between pretest and posttest in 
each cognitive style group. The increase in CT scores 
after the implementation of e-PBL is presented in Figure 

1. The n-gain value indicates that e-PBL is effective in 
improving students’ CT skills. 

Furthermore, statistical analysis is needed in order to 
strengthen the impact of e-PBL on the performance of 
students’ CT skills in each cognitive style. The statistical 
analysis used was a different test which was preceded by 
a normality test as presented in Table 6. 

The number of samples in the two groups of 
cognitive styles is different, so it uses the Shapiro-Wilk 
normality test. The results showed that the FI cognitive 
style group, sig(0.006)<0.05 was not normally 
distributed, and the FD group sig(0.105)>0.05 was 
normally distributed. The assumption of data normality 
was not met because one of the data groups was not 
normally distributed. Therefore, a different test was 
performed using nonparametric statistics (Mann-
Whitney test) as presented in Table 7. 

DISCUSSION 

The results show the distribution of students’ 
cognitive styles categorized into FI (16 students) and FD 
(12 students) (Table 2). The input of students’ CT skills 
(pretest) is distributed on non-critical criteria with a CT 
score average of -1.79 (not critical if; CTS≤-1.6) (Table 3). 
The input of students who are not able to think critically 
is suspected to be due to learning that does not 
emphasize the CT process (Suhirman et al., 2021).  

In addition, the dominance of the use of traditional 
learning models that rely on expository seems to have to 
be replaced with innovative and effective teaching 
models based on exploration activities. Previous studies 
have shown that traditional teaching methods cannot 
train students’ CT (Pendlington, 2005). This has also had 
a major impact on learning outcomes in mathematics 
which is still a problem (Salamah, 2020). 

The achievement of teaching goals towards CT 
cannot be separated from efforts to improve the quality 
of learning. This effort starts from changing the learning 
paradigm from teacher centered to student centered. 
Accompanying this paradigm shift, it is necessary to 
implement an innovative, interactive, and effective 
learning model through a PBL. For the purpose of 
improving CT skills, we designed e-PBL. The teaching 
process using the e-PBL model has been implemented. 
The e-PBL pedagogical design that supports the goal of 
achieving CT is presented in Figure 2. 

Good pedagogical design in e-learning is one of the 
guarantees for achieving learning objectives. The 
requirement for a good pedagogical design in an e-
learning system is to reflect the features of structured 
learning (Pozzi et al., 2020).  

The e-PBL design that we have developed is well 
structured with clear features regarding learning 
identity, learning modules, learning materials, and 
activities for each meeting, as well as learning activities 
for each phase in e-PBL. Furthermore, the 
implementation of learning (LF) for each learning phase 
with the e-PBL model was observed by two observers, 
and the results are presented in Table 4. 

Table 5. Results of output assessment of students’ CT skills 

Cognitive style N 
Output (post-test) 

Criteria 
CT SA CT SR 

FI 16 17.19 11.2<CTS≤17.6 Critical 
FD 12 17.08 11.2<CTS≤17.6 Critical 

Average -1.79 17.14 Critical 

Note. SA: Score average; SR: Score range 

 
Figure 1. An increase in students’ critical thinking between 
the two groups of cognitive styles 

Table 6. Results of normality test of CT skills 

Group 
Shapiro-Wilk 

Statistic Statistic Statistic 

FI 0.826 0.826 0.826 
FD 0.886 0.886 0.886 
 

Table 7. Results of different tests using Mann-Whitney test 

Group N Mean rank Sum of ranks Sig. 

CTS FI 16 14.66 234.50 0.901 

FD 12 14.29 171.50  

Total 28    
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Each phase of e-PBL learning is presented with an 
online system, and the implementation of the learning is 
observed (LF). There are five phases of e-PBL learning, 
namely;  

1. Phase 1-learners’ orientation on problems,  

2. Phase 2-organizing students to learn,  

3. Phase 3-guiding learners in the investigation 
process,  

4. Phase 4-presenting the results of the investigation, 
and  

5. Phase 5-reflecting the problem-solving process 
(Arends, 2012).  

The results of the LF observed by two observers 
showed an average LF score of 3.70 with a good category 
(good if, 3.40<LF<4.21). The process assessment in this 
context shows that learning with the e-PBL model has 
been carried out well in training students’ CT. The 
control of the LP that is carried out well cannot be 
separated from the feedback from the observers who 
have provided suggestions to optimize the LP 
implemented. Feedback from observers during the LP 
with e-PBL are:  

a. important to motivate students in learning,  

b. optimizing the organization of the LP,  

c. diversifying authentic problems,  

d. encouraging interactivity and discussion among 
students,  

e. optimizing students’ potential to build ideas, and  

f. optimizing the reflection process at the end of the 
activity. 

One of the factors that support success in 
implementing PBL is learner motivation (Harun et al., 
2012). Motivation that is carried out systematically can 
encourage learners to achieve deep learning in PBL 
(Harun et al., 2012). According to Pintrich et al. (1993), 
factors of interest and motivation in the learning context 

have an impact on the process of forming learners’ 
beliefs when they acquire new knowledge or are faced 
with new situations in learning, and even when they are 
presented with new information that contradicts their 
previous conceptions. The emphasis of motivation on all 
types of learning is very important. Learners may 
acquire a skill or behavior through learning, but before 
learners may not carry out the behavior until there is 
motivation to carry it out (Arends, 2012). For more 
optimal learning outcomes, using PBL motivates 
learners at the beginning and during the LP (Fukuzawa 
et al., 2017). Optimizing the motivational process for 
learners with the PBL model is reported to have a 
positive impact on improving learners’ CT skills 
(Festiawan, 2021). Report by Prameswari et al. (2020) 
shows that motivation is very influential on learning 
outcomes in a very heterogeneous learning culture in 
Indonesia. Another report shows the effectiveness of 
PBL on students with the encouragement of learning 
motivation carried out by teachers (Luo, 2019). 

Optimizing the organization of the LP is emphasized 
in this study. The observers suggest flexibility and 
friendliness in organizing learning so that preservice 
teachers are not pressured during the LP. In organizing 
them for more specific tasks, cues can be an effective 
strategy in PBL. It is part of how teachers help learners 
regulate their LP to a context that is more focused on the 
material being studied (Evendi & Verawati, 2021). 
Rivera-Pérez et al. (2021) reported that the cues strategy 
was effective in organizing learning. The findings in the 
current study are that in the aspect of organizing learners 
to learn. The average LF score is 3.75 with good criteria. 
In addition to organizing the LP well, observers 
encourage lecturers to diversify authentic problems to 
support learners’ breadth of thinking. Presenting and 
solving authentic problems is the basis for building their 
knowledge in PBL to support their deepening of 
thinking (Kumar & Natarajan, 2007). Authentic learning 
emphasizes processes that provide learning experiences 
for them based on the real world. This is claimed to bring 
positive changes in improving learners’ CT skills (Yuliati 
et al., 2018). Authentic learning settings in mathematics 
are important because CT in mathematics cannot 
develop only by repetition of knowledge but also by 
deep reflection on the benefits of mathematics in 
everyday life in an authentic context and supports the 
meaning of mathematical knowledge itself (Dolapcioglu 
& DoGanay, 2020). The development of learners’ CT in 
mathematics can significantly be developed with 
authentic learning (Dennis & O’Hair, 2010), even this is 
an important aspect of effective teaching methods to 
train 21st century skills in addition to CT (Preus, 2012). 
Thus, it turns out that diversification of authentic 
problems with real-life applications is preferred by 
learners at all levels of their academic achievement in 
mathematics (Monrat et al., 2022). 

 
Figure 2. Design of e-PBL implemented in learning 
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Furthermore, improvements made by lecturers 
according to feedback from observers are encouraging 
interactivity and discussion between preservice teachers 
and optimizing their potential to build ideas. As the 
results of previous studies, when the issue of 
mathematics learning content has been determined in 
PBL, the lecturer encourages active discussion between 
them so that they are trained to build their arguments. 
This method is part of an effort to train their CT in 
mathematics (Aini et al., 2019). Interactivity built by the 
lecturer is multilateral. The interaction was done 
between learners-learners and learners-teachers. This 
process control is controlled by lecturers (Firdaus et al., 
2015). This interaction is identified with the level of 
learners’ active participation in learning, and the results 
of the study by Monrat et al. (2022) showed that learners 
were more willing to learn mathematics in an 
environment in which there was interesting 
participation and interaction. Regarding the purpose of 
CT, preferences in learning mathematics depend on the 
learners’ spirit built based on learning activities so that 
the interactivity that is built can guide their enthusiasm 
for learning mathematics and support their CT 
performance (Syafril et al., 2020). 

The last observer’s suggestion to improve the LP with 
e-PBL is optimizing the reflection process at the end of 
the activity. The learning reflection process is carried out 
by accommodating each form of reflection made by 
learners. Inviting them to reflect on the LP they have 
gone through as a form of knowledge reproduction to 
build their CT. In the aspect of reflecting problem-
solving process, the LF criteria are good. CT is related to 
the reflection process carried out by learners (Ryan, 
2013), and the reflection process can be a driving force 
for CT (Trostek, 2020). Dwyer et al. (2014) explained that 
the reflective process is a cognitive activity and produces 
CT. Each systematic clarification, reconsideration and 
correction of the learning actions that have been taken is 
a reflective process in the LP that allows learners to 
achieve CT (Procter, 2020). 

From the process that has been carried out well by 
accommodating feedback from the observers, it has an 
impact on increasing students’ CT. The output of 
students’ CT skills (posttest) is distributed on critical 
criteria, with a CT average score of 17.14 (critical if, 
11.2<CTS≤17.6) (Table 5). The criteria for increasing 
students’ CT skills scores (outcomes) are distributed on 
the high criteria with an n-gain score of 0.73. Based on 
the results in Figure 1, it can be explained that there are 
similarities in changes in students’ CT skills scores 
between the two groups of cognitive styles, each of them 
with high criteria (n-gain of 0.73). Likewise, with pretest-
posttest, students’ CT skills from both groups of 
cognitive styles (FI and FD) increased from not critical to 
critical.  

Statistical analysis has been carried out in order to 
strengthen the impact of e-PBL on the performance of 

students’ CT skills in each cognitive style (Table 7). The 
results in Table 7 indicate the value of sig(0.901)>0.05, 
which means that there is no difference in students’ CT 
skills between the FI and FD cognitive style groups. The 
CT skills of students with both cognitive styles improved 
due to the implementation of the e-PBL model. This 
clearly demonstrates the effectiveness of the e-PBL 
model for the purpose of enhancing CT. The results of 
the assessment of CT skills by implementing the e-PBL 
model are presented in Figure 3. 

The results of the assessment of students’ CT skills 
have shown the effectiveness of the e-PBL model, this 
provides an opportunity to implement this model 
extensively and intensively in lectures. Mathematical 
problem-solving interactivity is built in the e-PBL model 
through well-organized and well-run learning phases 
with virtual or digital learning systems (online learning). 
The online learning system is a bridging PBL 
implementation. The digital learning system is 
considered a new learning format as a way to achieve the 
expected learning goals (Lee & de Vries, 2019).  

In the context of this present study, e-PBL can 
improve students’ CT skills. The results of this study are 
in accordance with previous studies by Portuguez-
Castro & Gómez-Zermeño (2020), when learning is 
oriented towards real-world problems that are 
presented online, it can invite learners’ interest in 
learning, and create more meaningful learning. All the 
advantages in the PBL model still make it a suitable 
learning model even though it is applied through online 
learning, through PBL students reproduce the 
knowledge gained into CT (Sattarova et al., 2021). 
Therefore, the PBL model presented online is considered 
an attractive, ideal and relevant distance learning tool in 
training students’ learning skills and interactions 
(Morgado et al., 2021). The learning atmosphere feels 
more attractive in the packaging of the e-PBL model. 
This guarantees an increase in active learner 
involvement in learning and thinking skills that lead to 
CT, as stated by (Wang, 2021) that a positive atmosphere 
built in PBL can lead to on the achievement of the 
expected learning objectives. 

Limitations 

Despite the success in the current study, researchers 
acknowledge some limitations to the study. First, in the 
implementation of e-PBL there is no control group as a 
comparison, so the assessment of changes in preservice 
teachers’ CT skills is based on scores before and after the 
e-PBL intervention. The effect of e-PBL will be more 
visible if a comparison group is used. Second, this 
research assesses CT skills only based on learners’ 
cognitive style, and future research needs to assess the 
differences between male and female preservice teachers 
in terms of experience and changes in CT skills in 
mathematics. Third, triangulation of process data was 
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confirmed by lecturers and observers, but the current 
study did not assess preservice teachers’ responses. 
Future research needs to get a response to the process 
carried out by confirming preservice teachers’ responses 
in learning using e-PBL. Several limitations in this study 
become recommendations for future research 
improvements. 

CONCLUSION 

Assessment of students’ CT skills in terms of 
cognitive style has been carried out by implementing the 
e-PBL model in mathematics courses. The assessment on 
the input aspect shows that the CT skills of students with 
FI/FD cognitive style are in the uncritical category. The 
process aspect shows that the LF of the e-PBL model has 
been implemented well, so that it has an impact on the 
output of students’ CT skills, where the students’ CT 
skills with FI/FD cognitive style are in the critical 
category after the implementation of e-PBL. The 
outcome assessment shows the effectiveness of the e-
PBL model in improving students’ CT skills, so this is a 
recommendation for the widespread and intensive use 
of e-PBL. 
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