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The Ministry of Primary and Secondary Education plans to implement a deep 
learning approach into the curriculum. One prerequisite for its success is student 
readiness supported by habits of mind and effective information processing. 
However, studies on deep learning readiness from the perspective of these two 
aspects are still limited, especially in high school biology learning. This study aims 
to determine the condition of students' habits of mind and information processing 
as supporting aspects of deep learning. The study used a descriptive quantitative-
qualitative method on 134 grade X students of SMA N 1 Semarang and SMA Islam 
Sultan Agung 1 Semarang on environmental change material. Data were collected 
through questionnaires and observations, then analyzed using descriptive 
statistics (average, percentage, and achievement categories) and independent 
sample t-test. The results showed that the ability of habits of mind scored 81 (very 
good) in SMA N 1 Semarang and a score of 76 (good) in SMA Islam Sultan Agung 
1 Semarang. Meanwhile, the results of student information processing obtained a 
score of 83 (very good) in SMA N 1 Semarang and a score of 81 (very good) in SMA 
Islam Sultan Agung 1 Semarang. Therefore, the research results indicate that 
students are well-prepared to support the implementation of deep learning, 
although critical thinking, creative thinking, and information synthesis skills still 
need to be strengthened. This study provides initial empirical evidence regarding 
students' cognitive readiness for the implementation of deep learning in biology. 

Abstrak. Kementerian Pendidikan Dasar dan Menengah berencana mengimplementasikan pendekatan 
deep learning ke dalam kurikulum. Salah satu prasyarat keberhasilannya adalah kesiapan siswa yang 
ditunjang oleh habits of mind dan pemrosesan informasi yang efektif. Namun, kajian mengenai kesiapan 
deep learning dari perspektif kedua aspek tersebut masih terbatas, khususnya dalam pembelajaran 
biologi SMA. Penelitian ini bertujuan mengetahui kondisi habits of mind dan pemrosesan informasi siswa 
sebagai aspek pendukung deep learning. Penelitian menggunakan metode deskriptif kuantitatif-
kualitatif terhadap 134 siswa kelas X SMA N 1 Semarang dan SMA Islam Sultan Agung 1 Semarang pada 
materi perubahan lingkungan. Data dikumpulkan melalui kuesioner dan observasi, kemudian dianalisis 
menggunakan statistik deskriptif (rata-rata, persentase, dan kategori capaian) serta independent 
sample t-test. Hasil penelitian menunjukkan kemampuan habits of mind skor 81 (sangat baik) di SMA 
N 1 Semarang dan skor 76 (baik) di SMA Islam Sultan Agung 1 Semarang. Sementara pada hasil 
pemrosesan informasi siswa diperoleh skor 83 (sangat baik) di SMA N 1 Semarang dan skor 81 (sangat 
baik) di SMA Islam Sultan Agung 1 Semarang. Oleh karena itu, hasil penelitian mengindikasikan bahwa 
siswa memiliki kesiapan yang baik untuk mendukung implementasi deep learning, meskipun 
kemampuan berpikir kritis, berpikir kreatif, dan sintesis informasi masih perlu diperkuat. Penelitian ini 
memberikan bukti empiris awal mengenai kesiapan kognitif siswa dalam menghadapi implementasi 
deep learning pada pembelajaran biologi. 
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A. Introduction 
Twenty-first century education requires students not 
only to master knowledge, but also to be able to think 
critically, creatively, solve problems, and adapt to 
various changes that occur in their surrounding 
environment (Bara et al., 2025; Harapan & Purwanto, 
2024). In an ideal learning process, learning is not 
simply oriented toward mastering material, but also 
toward building knowledge and solving problems that 
can develop into productive thinking habits. Through 
the right learning process, students' thinking habits 
will be developed well and become essential assets in 
facing the increasingly complex challenges of life and 
learning (Hasibuan et al., 2019). 

In line with these demands, deep learning will 
become a hot topic in 2024, following the Ministry of 
Primary and Secondary Education's plan to 
incorporate this approach into the curriculum. In this 
study, deep learning refers to a pedagogical approach 
that emphasizes meaningful understanding, critical 
reflection, knowledge integration, and contextual 
problem-solving, rather than AI-based in-depth 
learning. Conceptually, deep learning encourages 
students to not only comprehend information but also 
connect it more deeply, leading to a more holistic 
understanding (Feriyanto & Anjariyah, 2024; Weng et 
al., 2023). Through this approach, students are 
encouraged to conduct critical analysis, connect new 
information with previous learning experiences, and 
apply knowledge in various real situations. 

However, the success of deep learning 
implementation is determined not only by the teaching 
strategies used by teachers, but also by students' 
cognitive readiness to participate in the learning 
process. Deep learning requires students to be able to 
reflect on their thinking processes, manage their 
learning independently, and process information 
effectively to construct and apply knowledge 
meaningfully (Faza & Lestari, 2025; Graaf, 2022). 
Therefore, thinking skills and information processing 
skills are important foundations that students need to 
have before in-depth learning can be applied optimally. 

One of the skills that support deep learning 
readiness is habits of mind. Marzano et al. (1993) 
divide habits of mind into three categories: critical 
thinking, creative thinking, and self-regulated thinking. 
According to Ennis (1993), critical thinking skills are 
the appropriateness of reflective thinking focused on 
deciding something that is beneficial for students both 
now and in the future. Creative thinking skills include 
participating intensely in tasks even when the answer 
or solution is not yet clear; maximizing knowledge and 
abilities; and generating new ways of viewing 
situations outside the boundaries of common habits  
(Ridzal et al., 2024). In addition, the Self-Regulation 
category includes making plans effectively; 
recognizing and using necessary resources; and being 
sensitive to feedback (Faza & Lestari, 2025). 

Information processing skills also play a crucial 
role in supporting in-depth learning. A student's 
understanding of the material is considered good if it 
reaches a sufficient level of information reception, 
measured by their ability to analyze the information 
presented in the learning materials. High information 
reception and processing skills mean students have 
sufficient working memory to process the information 
(Fitriana et al., 2026; Jamaludin & Jamaludin, 2022). 
The use of the information processing dimension in 
Marzano et al. (1993) framework measures the 
thought processes associated with receiving and 
processing acquired information. Marzano et al. 
(1993) identified one of the fundamental ideas 
supporting educators' understanding of cognition and 
learning: assessment should focus on students' use of 
complex knowledge and reasoning rather than their 
recall of low-level information. 

The importance of habits of mind and 
information processing is becoming increasingly 
relevant in biology learning, particularly in 
environmental change. This material requires students 
not only to understand theoretical concepts but also to 
develop habits of mind and integrated information 
processing skills. Environmental change material 
related to real-life issues such as pollution, ecosystem 
damage, and climate change encourages students to 
think critically in analyzing cause and effect, think 
creatively in designing solutions, and manage their 
learning process independently through self-
regulation. This aligns with findings that developing 
habits of mind in biology learning contributes to 
improved cognitive abilities and student learning 
outcomes  (Bariroh et al., 2024; Isfiani & Ekanara, 
2022). On the other hand, the complexity of the 
information in this material requires students to have 
good information-processing skills, from receiving, 
organizing, to interpreting various sources of scientific 
data. Research also shows that integrating 
environmental literacy into biology learning can 
enhance students' understanding of environmental 
issues in a deeper and more contextual way (Mercan et 
al., 2024; Putri, 2024).  

Although extensive research has been 
conducted on habits of mind, information processing, 
and deep learning, most studies still focus on the 
influence of each variable on student learning 
outcomes, critical thinking skills, or academic 
achievement. Yet, these two aspects are crucial 
foundations for student success in building meaningful 
understanding in line with the characteristics of deep 
learning (Fitriani et al., 2025; Sinon et al., 2021). In this 
study, there is a novelty in the integration of thinking 
habits and information processing dimensions as 
indicators of student readiness for the implementation 
of deep learning in the context of biology learning, this 
study specifically examines cognitive readiness as a 
fundamental requirement for deep learning pedagogy. 
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Based on these considerations, research is 
needed to analyze the potential readiness for 
implementing deep learning in high school biology 
from the perspective of habits of mind and information 
processing. Therefore, this study aims to determine the 
condition of students' habits of mind and information 
processing as aspects that support the implementation 
of deep learning. The urgency of this research, 
designed based on the written problem background, is 
the need to take strategic steps by analyzing students' 
thinking habits in the form of real-life actions and 
information processing in biology learning in high 
school. The results of this study are expected to 
provide an overview of students' cognitive readiness 
and serve as a basis for developing biology learning 
strategies that support the implementation of deep 
learning in schools. 
 

B. Material and method 
The research was conducted using a qualitative-
quantitative descriptive method, namely data 
collection by looking at the results of student 
questionnaires supported by the results of 
observations during the learning process. The subjects 
in the study were taken by purposive sampling, namely 
grade X students who received biology subjects on 
environmental change at SMA Negeri 1 Semarang as a 
sample of public schools and SMA Islam Sultan Agung 
1 Semarang as a sample of private schools in Semarang 
City. The research was conducted in March - 
September 2025. The research instrument was 
prepared based on the framework of thinking adapted 
from the instrument developed by (Hayat, 2020). The 
instrument has been tested for validity and reliability 
including questionnaires on habits of mind and 
information processing in the form of closed 
statements using a Likert scale so that a scale of 4 is the 
most ideal answer and a scale of 1 answer that need to 
be followed up. In addition, there is an observation 
sheet instrument on habits of mind, information 
processing to strengthen the data obtained using the 
questionnaire by photographing the entire learning 
process. The data collection technique was carried out 
by providing questionnaires on habits of mind and 
information processing to be filled out by students. In 
addition, the data is backed up by observations made 
by researchers on students' habits of mind and 
information processing.  

Data were analyzed using a mixed method, 
meaning both quantitative and qualitative data were 
collected. Quantitative data were collected using 
descriptive statistics and independent sample t-tests 
based on questionnaire results. Quantitative data were 
analyzed by compiling all student responses and 
scoring criteria using the Formula 1. 

 

Final score results:  
total score

highest score
 x 100 …Formula (1) 

Meanwhile, qualitative data was analyzed 
descriptively based on field notes from teacher 

observations of students' habits of mind and 
information processing during learning. 

The quantitative data obtained from the 
research were systematically classified according to 
the respondents' achievement levels. The score 
interpretation criteria according to Arikunto (2010) 
are in Table 1. 

 
Table 1 Research result score classification criteria 

Average Level 
81-100 Very good 
61-80 Good 
41-60 Enough 
21-40 Poor 
0-20 Very poor 

 

C. Results and discussion 
The results of the study on habits of mind and 
information processing abilities to determine 
students' readiness for the application of deep learning 
in biology learning for grade 10 students are presented 
in a diagram depicting student achievement. These 
three aspects demonstrate a close relationship in 
supporting students' learning process, starting from 
the ability to manage themselves in learning, process 
information from various sources, to construct 
meaningful understanding through learning 
experiences in the classroom. Through the material on 
environmental changes, students are not only required 
to understand the concept, but also be able to relate it 
to real problems, so that learning becomes more 
contextual and supports the formation of higher order 
thinking skills. 
 
Habits of mind 
Questionnaire 
The results of the Habits of Mind Questionnaire at SMA 
Negeri 1 Semarang are illustrated in the data diagram 
in Figure 1. The results of the Habits of Mind 
questionnaire for 10th-grade students at SMA N 1 
Semarang showed an average score of very good. High 
achievement in the self-regulation aspect indicates 
that students can make effective plans, identify 
necessary resources, and are sensitive to work 
evaluations in biology learning. The critical thinking 
aspect indicates that students have been able to 
control themselves so as not to rush into making 
decisions and are sensitive to the feelings and level of 
knowledge of others, even those they know closely. 
These abilities are an important foundation in biology 
learning, which requires students to understand 
natural phenomena scientifically and based on 
evidence. Meanwhile, the creative thinking aspect 
showed lower achievement, indicating that students 
tend to work on assignments at their own pace, achieve 
significant understanding, and produce alternative 
learning methods, although the results are not 
significantly different. These findings indicate that 
students tend to be able to complete assignments and 
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find alternative learning methods but have not yet fully 
demonstrated flexibility in generating diverse ideas or 
solutions. This condition may be influenced by the 
characteristics of learning, which has so far 
emphasized mastery of concepts and accuracy of 
answers rather than open exploration of ideas (Robin 
et al., 2024). The results of this study are in line with 

previous research which shows that aspects of self-
regulation and critical thinking tend to develop better 
because they are more frequently facilitated in daily 
learning activities, while creative thinking requires a 
learning environment that provides more space for 
students to explore and innovate (Haka et al., 2022; 
Hayat et al., 2019; Hidayati & Idris, 2020).  

 

 

Figure 1 Results of the habits of mind questionnaire at SMA Negeri 1 Semarang 

 

Figure 2 Results of the habits of mind questionnaire at Sultan Agung 1 Islamic High School, Semarang 

Table 2 Independent sample T-test results of the habits of mind questionnaire 

Independent Samples Test 
 Levene's Test for 

Equality of Variances 
t-test for Equality of Means 

F Sig. t df 
Sig. (2-
tailed) 

Mean 
Difference 

Std. Error 
Difference 

95% Confidence Interval 
of the Difference 
Lower Upper 

Habits of 
mind 

Equal variances 
assumed 

6.633 .012 1.550 60 .126 .17419 .11239 -.05061 .39900 

Equal 
variances not 

assumed 
  1.550 52.585 .127 .17419 .11239 -.05127 .39965 

 
The results of the Habits of Mind Questionnaire 

at Sultan Agung 1 Islamic High School, Semarang are 
illustrated in the data diagram in Figure 2. The results 
of the Habits of Mind questionnaire at Sultan Agung 1 
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Islamic High School in Semarang were in the good 
category across all measured aspects. Excellent 
achievement in the self-regulation aspect indicates 
that students are able to plan learning activities 
effectively, identify learning needs, and utilize 
available resources to achieve learning objectives. In 
the critical thinking aspect, the research results 
indicate that students are able to consider information 
rationally, control themselves in decision-making, and 
demonstrate awareness of the various consequences 
that may arise from their decisions. Data on the 
creative thinking aspect indicates that students tend to 
be able to understand concepts and complete 
assignments well, but the ability to generate various 
alternative ideas or solutions still needs to be 
developed. The research results indicate that creative 
thinking skills have not developed as optimally as self-
regulation and critical thinking skills. This condition 
may be influenced by learning experiences that often 
emphasize conceptual understanding, structured task 
completion, and finding the right answer rather than 
exploring various possible solutions (Ghbari & 
Harahsheh, 2024). In line with previous research 
findings which show that students' habits of mind 
generally have aspects of self-regulation and critical 
thinking which are more dominant in supporting the 
ability to plan, control themselves, and evaluate 
learning, while the development of creative thinking is 
still influenced by the learning experiences and 
strategies used by students (Ariyati et al., 2024; 
Ramadani et al., 2025; Suryawati et al., 2024). 

The results of the habits of mind questionnaire 
were analyzed using a comparative test between SMA 
Negeri 1 Semarang and SMA Islam Sultan Agung 1 
Semarang using the independent sample t-test in Table 
2. The results of the independent samples t-test 
showed a significance value of 0.127 (p > 0.05). This 
means there is no significant difference in habits of 
mind abilities between students of SMA N 1 Semarang 
and SMA Islam Sultan Agung 1 Semarang. Although 
there is a difference in the average of 0.17419, where 
the average of SMA N 1 Semarang is higher (3.2677) 
than SMA Islam Sultan Agung 1 Semarang (3.0935), the 
difference is not statistically significant. This shows 
that the characteristics of students' habits of mind in 
both schools tend to develop at a relatively similar rate. 
Influencing factors include students' increasingly 
equitable access to digital and non-digital learning 
resources, so that opportunities to develop habits of 
mind are not solely determined by the status of public 
or private schools. The results of this study are in line 
with the view that habits of mind are thinking habits 
that develop through continuous learning experiences, 
a supportive learning environment, and opportunities 
for reflection and active problem-solving (Bariroh et 
al., 2024; Hidayati & Idris, 2020). 

 

Observation 

The results of the Habits of Mind Observation at SMA 
Negeri 1 Semarang are illustrated in the data diagram 
in Figure 3. 

 

 
Figure 3 Results of observations on habits of mind at SMA Negeri 1 Semarang 

Based on the results of observations of habits of 
mind, class X students who received material on 
environmental changes in biology learning at SMA N 1 
Semarang showed average results with good 
achievements. Students demonstrated the self-
regulation aspect of being able to plan learning 
activities effectively, identify necessary resources, and 
evaluate the learning process and outcomes obtained. 
In the critical thinking aspect, students were able to 

consider information and make rational decisions 
based on the situation at hand, although they did not 
always ask for advice. Meanwhile, in the creative 
thinking aspect, students were able to find solutions to 
problems and generate ideas in the learning process, 
although its development could still be optimized.  

The results of this study indicate that biology 
learning needs to be designed with activities that 
encourage students to actively think, reflect on the 
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learning process, and engage in problem-solving 
related to real-life phenomena as essential 
prerequisites for deep learning. Thus, the observation 
results provide a more contextual picture of the 
implementation of habits of mind in the classroom, 
while the questionnaire results reflect students' 
confidence in their abilities. Nevertheless, both results 
indicate that students already have a strong foundation 
of habits of mind to support their readiness for deep 
learning, especially in the aspect of self-regulation. In 
biology learning, habits of mind, with the aspect of self-

regulation, tends to be higher because it plays a role in 
planning and evaluating learning, followed by critical 
thinking and creative thinking that develop through 
problem-solving activities, although not yet optimal  
(Sun, 2022; Supriwardi et al., 2025). Self-regulation 
also plays a key role in improving critical and creative 
thinking in technology-based science learning in 
accordance with 21st century learning developments 
(Bariroh et al., 2024; Neiroukh, 2025; Suryawati et al., 
2024). 

 

 

Figure 4 Results of observations on habits of mind at Sultan Agung 1 Islamic High School, Semarang 

 

Figure 5 Results of the information processing questionnaire at SMA Negeri 1 Semarang 

The results of the Habits of Mind Observation at 
Sultan Agung 1 Islamic High School, Semarang are 
illustrated in the data diagram in Figure 4. Based on the 
results of observations on habits of mind in grade 10 at 
SMA Islam Sultan Agung 1 Semarang, the results were 
categorized as good. The self-regulation aspect showed 
that students were able to make effective plans, 
identify necessary alternative resources, and were 
sensitive to evaluation, even though they did not seek 
advice from knowledgeable sources. The results 

obtained from the critical thinking aspect with good 
scores indicated that students were less careful in 
making decisions and their sensitivity to the feelings 
and level of knowledge of others was evident, although 
some did not yet respect the opinions of others. 
Meanwhile, the creative thinking aspect showed that 
students appeared tenacious and able to produce 
creative solutions, although some still relied on 
practical methods such as the use of digital media. The 
similarity of findings from both instruments indicated 
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that students had developed the ability to manage 
learning, reflect on thought processes, and consider 
information rationally. These conditions indicate that 
students are quite well prepared to participate in in-
depth learning, because these abilities are an 
important foundation for building meaningful 
understanding, connecting knowledge to real contexts, 
and solving problems reflectively and contextually 
(Braad et al., 2022). This finding strengthens the 
results of previous studies which revealed that in 
science learning, students' self-regulation abilities 
tend to develop better than critical thinking, which is 
still influenced by accuracy in decision-making and an 
attitude of respecting opinions, while students' 
creative thinking has been able to produce alternative 
solutions even though it still utilizes practical methods 
or technological support (Mahrufah & Rijanto, 2024; 
Panadero, 2017; Susilowati et al., 2018). 

 
Information processing 
Questionnaire 
The results of the Information Processing 
Questionnaire at SMA Negeri 1 Semarang are 
illustrated in the data diagram in Figure 5. Based on the 
results of the information processing questionnaire, 
class X students at SMA N 1 Semarang obtained an 
average achievement of very good. In the aspect of 
interpreting and synthesizing information effectively, 
it shows that students are able to understand the 
material and connect it with existing knowledge but 

are not yet able to link information sources to form 
complete conclusions. Meanwhile, in the aspect of 
using various information gathering techniques and 
sources effectively, it shows that students tend to seek 
learning resources on digital platforms, discussions, 
asking friends and teachers. Meanwhile, in the aspect 
of accessing information, the achievement was very 
good, indicating that students check the accuracy of the 
material provided by the teacher by digging for 
information through various sources, but tending 
more towards digital media. Overall, the achievement 
of very good information processing indicates that 
students are well prepared to participate in in-depth 
learning, which is supported by the ability to access 
various learning sources, interpret information, and 
evaluate the accuracy of information independently. 
However, the ability to integrate various information 
sources still needs to be improved so that knowledge 
construction can take place more deeply and 
meaningfully (Reynders et al., 2020). In biology 
learning, these findings can be translated into learning 
strategies by facilitating case analysis activities, data-
based discussions, and concept mapping to help 
students organize and synthesize the information they 
receive. The ability to interpret and evaluate 
information effectively and utilize various learning 
resources, especially digital media, despite the 
integration of information into coherent conclusions, is 
still not optimal (Noskova, 2021; Sulistiyarini & 
Sabirin, 2020; Trixa & Kaspar, 2024). 

 

 

Figure 6 Results of the information processing questionnaire at Sultan Agung 1 Islamic High School, Semarang 

The results of the Information Processing 
Questionnaire at Sultan Agung 1 Islamic High School 
Semarang are illustrated in the data diagram in Figure 
6. The results of the information processing 
questionnaire for 10th grade students at Sultan Agung 
1 Islamic High School in Semarang were categorized as 
very good. This is demonstrated in the aspect of 
interpreting and synthesizing information effectively, 
with achievements categorized as good. Students were 
able to understand the material despite having 

difficulty connecting it with prior knowledge to 
become important points of conclusion. In terms of 
using various information gathering techniques and 
sources effectively, students found sources of material 
relying on digital and non-digital platforms 
independently, although they did not take notes on 
important points from the teacher's material. In terms 
of accurately accessing information, students 
demonstrated the ability to check the material 
provided by the teacher correctly by exploring 
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material information (LKS, reading modules, and 
biology books), although they tended to be more 
proficient using digital media only. The results of the 
study indicate that the skill of accessing information is 
not always followed by the ability to process and 
synthesize information in depth. One factor that can 
influence this condition is the habit of students who 
focus more on information search than the process of 
reflection, organization, and linking information from 
various sources (Claes, 2021). This tendency is also 

reinforced by various studies that reveal that students' 
information processing abilities have developed well 
in terms of accessing and evaluating various learning 
sources, but there are still obstacles in integrating 
information with prior knowledge to form complete 
conclusions, as well as the dominance of the use of 
digital sources compared to in-depth information 
processing  (Ansoriah et al., 2025; Hryhorieva et al., 
2023; Lidiastuti et al., 2025). 

 
Table 3 Independent sample T-test results of the information processing questionnaire 

Independent Samples Test 

 

Levene's Test for Equality 
of Variances 

t-test for Equality of Means 

F Sig. t df 
Sig. (2-
tailed) 

Mean 
Difference 

Std. Error 
Difference 

95% Confidence Interval 
of the Difference 
Lower Upper 

Habits of 
mind 

Equal variances 
assumed 

1.521 ..225 
-

.152 
40 .880 .01905 .12569 -.27308 .23498 

Equal variances 
not assumed 

  -.152 37.669 .880 .0195 .12569 -.27357 .23547 

 

 

Figure 7 Results of observations on information processing at SMA N 1 Semarang 

The results of the information processing 
questionnaire were analyzed using a comparative test 
between SMA Negeri 1 Semarang and SMA Islam 
Sultan Agung 1 Semarang using the independent 
sample t-test in Table 3. The results of the independent 
samples t-test showed a significance value of 0.880 (p 
> 0.05). This means there is no significant difference in 
information processing ability between students of 
SMA N 1 Semarang and SMA Islam Sultan Agung 1 
Semarang. Although there is a difference in the 
average, namely 3.3524 and 3.3714, the difference is 
not statistically significant. The absence of a significant 
difference may be caused by several factors such as the 
similarity of curriculum implementation, access to 
learning resources and technology, and the relatively 
homogeneous academic characteristics of students in 
both schools. In addition, information processing 
ability is likely more influenced by individual factors, 

such as learning motivation, cognitive abilities, 
learning strategies, and family environmental support, 
rather than by the school's status as a public or private 
school (Kagan, 2023; Kikas et al., 2024). Therefore, 
these findings suggest that school type is not a major 
factor differentiating students' information processing 
abilities. 
 
Observation 
The results of the Information Processing Observation 
at SMA Negeri 1 Semarang are illustrated in the data 
diagram in Figure 7. Observations on information 
processing in class X at SMA N 1 Semarang showed that 
the average achievement was in the good category. 
This was demonstrated in the aspect of interpreting 
and synthesizing information effectively, showing that 
students were able to understand the material and 
could connect it with existing knowledge, although not 



BIO-INOVED : Jurnal Biologi-Inovasi Pendidikan 
Master Program of Biology Education, Universitas Lambung Mangkurat 
 

Hayat et al. (2026) Readiness for implementing deep learning based on students' information processing abilities and habits of mind | 229  

linked to information sources to form conclusions. In 
the aspect of using various information gathering 
techniques and sources effectively, students sought 
material sources through non-digital platforms (LKS, 
reading modules, biology books), but students were 
active in discussions with teachers and friends even 
though they did not take notes on material points from 
the teacher. As for the aspect of accurately accessing 
information, the results showed that students took 
notes but did not explore the accuracy of the 
information provided by the teacher, only asking 
questions to the teacher and friends despite being 
proficient in learning using digital media. The 
observation results showed a difference from the 
questionnaire data in that students' perceived 
information processing abilities were not yet optimally 

apparent in learning activities. In the observation 
results, students were seen actively seeking 
information and discussing, but were not yet 
accustomed to synthesizing information from various 
sources into complete conclusions and had not 
consistently verified the accuracy of the information 
obtained. This picture indicates a pattern that is also 
found in various recent studies, namely that students' 
information processing abilities are relatively good at 
the stage of understanding and interpreting material, 
but tend to be lower at the stage of evaluating the 
accuracy and integration of information due to 
limitations in verifying sources and processing 
information in depth (Dwyer et al., 2023; Kurniawana 
& Sarah, 2023; Reynders et al., 2020). 

 

 

  Figure 8 Results of Observations on Information Processing at Sultan Agung 1 Islamic High School, Semarang 

The results of the Information Processing 
Observation at Sultan Agung 1 Islamic High School, 
Semarang are illustrated in the data diagram in Figure 
8. Observations on information processing for class X 
at SMA Islam Sultan Agung 1 Semarang showed very 
good results. This was demonstrated in the aspect of 
effectively interpreting and synthesizing information, 
indicating that students were able to understand the 
material but had difficulty connecting it with existing 
knowledge by linking the information into key points 
and conclusions. In terms of effectively using various 
information gathering techniques and sources, 
students demonstrated persistence in seeking learning 
resources from digital and non-digital media, although 
they did not take notes on key points from the teacher. 
In terms of accurately accessing information, students 
were able to record information obtained but did not 
explore the accuracy of the material provided by the 
teacher despite being proficient in using both digital 
and non-digital media. The results of the study indicate 
that students' ability to access information has 
developed better than their ability to process that 
information into an integrated understanding. This 
condition may be influenced by learning habits that 

emphasize searching and gathering information rather 
than analyzing, reflecting, and synthesizing 
information from various sources. Therefore, although 
students have demonstrated good readiness through 
their ability to access various learning sources, 
strengthening their ability to synthesize and evaluate 
information is still necessary so that the learning 
process does not stop at collecting information, but 
develops into a deep, contextual, and meaningful 
understanding (Ardyawin, 2024). In biology learning, 
teachers can implement strategies that encourage 
students to synthesize information through activities 
such as creating concept maps, summarizing based on 
multiple sources, and reflective discussions after 
learning. Students have high abilities in accessing and 
collecting information from various sources, both 
digital and non-digital, but still face challenges in 
linking information to prior knowledge and evaluating 
the accuracy of information in depth, so that the 
understanding formed is not fully integrated (Brod, 
2021; Rifqi, 2025; Wang et al., 2019). 

The habits of mind and information processing 
profile data obtained from questionnaires and 
observations indicate good readiness for deep learning 
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implementation, although there are still areas for 
optimization. This underpins habits of mind and 
information processing as the primary foundation for 
implementing deep learning-based learning, as both 
play a role in shaping students' abilities to manage 
learning, process information deeply, and construct 
knowledge meaningfully (Ariyati et al., 2024; 
Panadero, 2017; Zebua, 2025). The research data 
indicate that students’ “habits of mind” are very strong 
and their information processing skills are strong, with 
self-regulation and the ability to assess and evaluate 
information being more developed than critical 
thinking, creative thinking, and the ability to 
synthesize information, all of which still need 
improvement. This suggests that both public and 
private schools demonstrate a high level of readiness 
to implement deep learning based on students’ “habits 
of mind” and information processing skills.    

 

D. Conclusion 
Based on the research conducted, it can be concluded 
that students demonstrate good readiness to support 
the implementation of deep learning from the 
perspective of habits of mind and information 
processing. This readiness is primarily demonstrated 
by the development of self-regulation skills, which are 
better than the critical thinking and creative thinking 
aspects, which are still less than optimal. In the 
information processing aspect, students have 
demonstrated good abilities in accessing, interpreting, 
and evaluating information from various sources, but 
still experience difficulties in synthesizing various 
information into a complete and meaningful 
understanding. The results of this study provide 
implications for biology teachers to design more 
student-centered learning through case analysis 
activities, argumentative discussions, scientific 
investigations, learning reflections, and contextual 
problem solving. This study has limitations because it 
only involved two schools in Semarang City with a 
limited sample size and used a questionnaire 
instrument that could potentially be influenced by the 
respondents' subjective perceptions. Therefore, 
further research is recommended to involve a wider 
and more diverse range of schools and develop and test 
deep learning-based biology learning interventions to 
directly evaluate their effects on the development of 
students' habits of mind and information processing 
abilities. 
 

E. References 
Ansoriah, S., Zakiyyatunnisa, N. N., & Saefulloh, A. 

(2025). Konglomerasi media digital dan 
dampaknya terhadap independensi informasi: 
Kajian kritis. Jurnal Riset Jurnalistik dan Media 
Digital (JRJMD), 5(1), 1–10. DOI: https://doi.org/ 
10.29313/jrjmd.v5i1.6960 

Ardyawin, I. (2024). The role of information literacy in 

enhancing students' critical thinking skills. Jurnal 
Literasi Perpustakaan dan Informasi UHO, 4(3), 
129–139. DOI: http://dx.doi.org/10.52423/jlpi. 
v4i3.15 

Arikunto, S. (2010). Research design: Pendekatan 
Metode Kualitatif. Bandung: Alfabeta. 

Ariyati, E., Susilo, H., Suwono, H., & Rohman, F. (2024). 
Promoting students' habits of mind and cognitive 
learning outcomes in science education. JPBI: Jurnal 
Pendidikan Biologi Indonesia, 10(1), 85–95. DOI: 
https://doi.org/10.22219/jpbi.v8i3.22992 

Bara, E., Berdica, B., & Bara, G. (2025). The role of 
critical thinking in enhancing student learning and 
problem solving for 21st-century challenges. 
International Journal of Social Sciences & 
Humanities, 10(1), 37–48. DOI: https://doi.org 
/10.58885/ijssh.v10i1.37.gb  

Bariroh, G., Surtikanti, H. K., & Riandi. (2024). The 
potential of TPACK-based biology learning to 
improve students' habits of mind. Jurnal Mangifera 
Edu, 8(2), 27–40. DOI: https://doi.org/10.31943 
/mangiferaedu.v8i2.178  

Braad, E., Degens, N., Barendregt, W., & Ijsselsteijn, W. 
(2022). Improving metacognition through self-
explication in a digital self-regulated learning tool. 
Educational Technology Research and Development, 
70(6), 2063–2090. DOI: https://doi.org/10.1007/ 
s11423-022-10156-2 

Brod, G. (2021). Toward an understanding of when 
prior knowledge helps or hinders learning. npj 
Science of Learning, 6(1), 24. DOI: https:// 
doi.org/10.1038/s41539-021-00103-w 

Claes, D. (2021). Information-seeking behaviours of 
teacher students: A systematic review. Abo Akademi 
University. DOI: https://doi.org/10.3233/EFI-
200448 

Dwyer, E. P., Chinn, C. A., Mochizuki, T., & Sekine, S. 
(2023). Digital epistemic scaffolds to support 
student collaboration for the integration of 
evidence across multiple documents. In 
Proceedings of the 17th International Conference of 
the Learning Sciences-ICLS 2023, (pp. 1829-1830). 
International Society of the Learning Sciences. DOI: 
https://doi.org/10.22318/icls2023.117145 

Ennis, R. H. (1993). Critical thinking assessment. 
Theory into practice, 32(3), 179-186. DOI: 
https://doi.org/10.1080/00405849309543594 

Faza, A., & Lestari, I. A. (2025). Self-regulated learning 
in the digital age: A systematic review of strategies, 
technologies, benefits, and challenges. 
International Review of Research in Open and 
Distributed Learning, 26(2), 23-58. DOI: 
https://doi.org/10.19173/irrodl.v26i2.8119 

Feriyanto, F., & Anjariyah, D. (2024). Deep learning 
approach through meaningful, mindful, and joyful 
learning: A library research. Electronic Journal of 
Education, 5(2), 208–212. DOI: https://doi.org/ 
10.33122/ejeset.v5i2.321 

Fitriana, D., Sofia, E., Oktaviani, E. T., Naldi, F., & 

https://doi.org/10.22219/jpbi.v8i3.22992
https://doi.org/10.1038/s41539-021-00103-w
https://doi.org/10.1038/s41539-021-00103-w
https://doi.org/10.3233/EFI-200448
https://doi.org/10.3233/EFI-200448


BIO-INOVED : Jurnal Biologi-Inovasi Pendidikan 
Master Program of Biology Education, Universitas Lambung Mangkurat 
 

Hayat et al. (2026) Readiness for implementing deep learning based on students' information processing abilities and habits of mind | 231  

Handayani, D. (2026). Membangun pembelajaran 
efektif melalui pemahaman pemrosesan informasi. 
Didaktik: Jurnal Ilmiah PGSD STKIP Subang, 12(01), 
274-286. DOI: https://doi.org/10.36989/didaktik. 
v12i01.11014 

Fitriani, A., Suryana, E., Islam, U., Raden, N., Palembang, 
F., Information, A., & Educational, I. (2025). 
Applying information processing theory in Islamic 
educational practices: A systematic review. Fikroh: 
Jurnal Pemikiran dan Pendidikan Islam, 18(2), 325–
343. DOI: https://doi.org/10.37812/fikroh.v18i2. 
1945 

Ghbari, T. A., & Harahsheh, A. H. (2024). Academic hope 
and self-regulation as predictors of creative 
thinking among undergraduate students. Creativity 
Studies, 17(2), 698-708. DOI: https://doi.org/ 
10.3846/cs.2024.16223 

Graaf, J. van der. (2022). The dynamics between self-
regulated learning and learning outcomes: An 
exploratory approach. Metacognition and Learning, 
17, 745–771. DOI: https://doi.org/10.1007/ 
s11409-022-09308-9 

Haka, N. B., Nisa, K., & Masya, H. (2022). Improving the 
habits of mind of senior high school students 
toward biology learning through creative problem-
solving learning model based on mind mapping: 
Pre-experimental study. Assimilation: Indonesian 
Journal of Biology Education, 5(1), 39–50. DOI: 
https://doi.org/10.17509/aijbe.v5i1.44010 

Harapan, E., & Purwanto, M. B. (2024). 21st-century 
English learning: A revolution in skills, critical 
thinking, creativity, and visual communication. 
Asian Journal of Applied Education, 3(1), 43–54. 
DOI: https://doi.org/10.55927/ajae.v3i1.7841 

Hasibuan, M. P., Sari, R. P., & Setiawaty, S. (2019). 
Penerapan model pembelajaran dengan 
pendekatan saintifik terhadap pembentukan habits 
of mind. JIPI (Jurnal IPA dan Pembelajaran IPA), 
3(2), 119–129. DOI: https://doi.org/10.24815/jipi 
.v3i2.14415 

Hayat, M. S., Rustaman, N. Y., Rahmat, A., & Redjeki, S. 
(2019). Perkembangan habits of mind mahasiswa 
selama mengikuti perkuliahan keanekaragaman 
tumbuhan dengan program pembelajaran inkuiri 
berorientasi entrepreneurship. Eksakta: Jurnal 
Penelitian dan Pembelajaran MIPA, 4(2), 120–129. 
DOI: http://dx.doi.org/10.31604/eksakta.v4i2.120 
-129 

Hidayati, N., & Idris, T. (2020). Students' habits of mind 
profiles of biology education department at public 
and private universities in Pekanbaru, Indonesia. 
International Journal of Instruction, 13(2), 407–418. 
Retrieved from https://www.e-iji.net/dosyalar 
/iji_2020_2_28.pdf 

Hryhorieva, V., Omelchenko, A., Kalenyk, M., Semak, L., 
& others. (2023). The formation of digital 
competence by means of information and 
communication technologies among students of 
higher education. Eduweb, 17, 78–88. DOI: 

https://doi.org/10.46502/issn.1856-
7576/2023.17.02.7 

Isfiani, I. R., & Ekanara, B. (2022). Cognitive anxiety and 
habits of mind: A study of the interrelationships 
with biology learning outcomes. Scientiae Educatia: 
Jurnal Pendidikan Sains, 11(2), 94–106. DOI: http: 
//dx.doi.org/10.24235/sc.educatia.v11i2.10909 

Jamaludin, D. N. (2022). Information processing and 
memory in learning. JEID: Journal of Educational 
Integration and Development, 2(2), 88-102. DOI: 
https://doi.org/10.55868/jeid.v2i2.109 

Kagan, E. S. (2023). Особенности мотивации 
обучающихся с различным уровнем 
интеллектуальных способностей 
[Characteristics of motivation among students with 
different levels of intellectual abilities]. Вестник 
Кемеровского государственного университета, 
7(4), 399–408. DOI: https://doi.org/10.21603/ 
2542-1840-2023-7-4-399-408 

Kikas, E., Puusepp, I., Granström, M., & Mädamürk, K. 
(2024). Knowledge of learning strategies and 
motivation to use them: Similarities and differences 
between school levels. Behavioral Sciences, 14(10), 
889. DOI: https://doi.org/10.3390/bs14100889 

Kurniawan, S., & Sarah, Y. S. (2025). Integrating 
semantic web and AI in informatics education to 
enhance digital information evaluation skills. 
Journal of Sustainable Innovation Engineering, 1(2), 
16-19. DOI: https://doi.org/10.69693/sustainable 
.v1i2.11 

Lidiastuti, A. E., Herak, R., & Darmawan, H. (2025). The 
role of artificial intelligence in enhancing biology 
education: A bibliometric perspective. Bio-Inoved: 
Jurnal Biologi-Inovasi Pendidikan, 7(2), 298–307. 
DOI: https://doi.org/10.20527/bino.v7i2.2200 

Mahrufah, M., & Rijanto, T. (2024). Pengaruh self-
regulated learning terhadap kemampuan berpikir 
kritis dan hasil belajar siswa. Jurnal Pendidikan 
Madrasah, 9(2), 213-218. DOI: https://doi.org/ 
10.14421/jpm.2024.213-218  

Marzano, R. J., Pickering, D., & McTighe, J. (1993). 
Assessing student outcomes: Performance 
assessment using the dimensions of learning model. 
Association for Supervision and Curriculum 
Development, 1250 N. Pitt St., Alexandria, VA 
22314. 

Mercan, G., Id, O., & Sel, V. (2024). Enhancing 
environmental education through location-based 
games (LBGs) in biology education. Journal of Social 
Sciences and Education (JOSSE), 7(1), 140–169. DOI: 
https://doi.org/10.53047/josse.1482649  

Neiroukh, N., & Ayyoub, A. (2025). Impact of virtual 
reality immersion in biology classes on habits of 
mind of east jerusalem municipality high school 
students: Examining mediating roles of self-
regulation, flow experience, and motivation. 
Education Sciences, 15(8), 955. DOI: https:// 
doi.org/10.3390/educsci15080955 

Noskova, T. (2021). A study of students' preferences in 

https://doi.org/10.55927/ajae.v3i1.7841
http://dx.doi.org/10.24235/sc.educatia.v11i2.10909
http://dx.doi.org/10.24235/sc.educatia.v11i2.10909
https://doi.org/10.21603/2542-1840-2023-7-4-399-408
https://doi.org/10.21603/2542-1840-2023-7-4-399-408
https://doi.org/10.3390/bs14100889
https://doi.org/10.20527/bino.v7i2.2200
https://doi.org/10.3390/educsci15080955
https://doi.org/10.3390/educsci15080955


BIO-INOVED : Jurnal Biologi-Inovasi Pendidikan 
Master Program of Biology Education, Universitas Lambung Mangkurat 
 

Hayat et al. (2026) Readiness for implementing deep learning based on students' information processing abilities and habits of mind | 232  

the information resources of the digital learning 
environment. ERIES Journal, 14(1), 53–65. DOI: 
http://dx.doi.org/10.7160/eriesj.2021.140105 

Panadero, E. (2017). A review of self-regulated 
learning: Six models and four directions for 
research. Frontiers in Psychology, 8, 1–28. DOI: 
https://doi.org/10.3389/fpsyg.2017.00422 

Putri, R. (2024). Inovasi pendidikan dengan 
menggunakan model deep learning di Indonesia. 
Jurnal Pendidikan Kewarganegaraan dan Politik 
(JPKP), 2(2), 69–77. DOI: https://doi.org/10.61476 
/186hvh28 

Ramadani, S. D., Siswati, B. H., Btari, S., & 
Kusumaningrum, C. (2025). Investigating the 
relationship between metacognitive and critical 
thinking skills in preservice teachers: Insights from 
predict-observe-explain and direct instruction 
learning models. Bio-Inoved: Jurnal Biologi-Inovasi 
Pendidikan, 7(3), 382–391. DOI: https://doi.org/ 
10.20527/bino.v7i3.23591 

Reynders, G., Lantz, J., Ruder, S. M., Stanford, C. L., & 
Cole, R. S. (2020). Rubrics to assess critical thinking 
and information processing in undergraduate 
STEM courses. International Journal of STEM 
Education, 7(1), 9. DOI: https://doi.org/10.1186 
/s40594-020-00208-5 

Ridzal, D. A., Rosnawati, V., & Wally, I. (2024). Analysis 
of students' creative thinking abilities through 
project-based learning in environmental 
knowledge courses. Jurnal Pijar MIPA, 19(1), 33–36. 
DOI: https://doi.org/10.29303/jpm.v19i1.6328 

Rifqi, M. I. (2025). Synergizing multiple intelligences 
with learning strategies in Islamic and Western 
education perspectives. Belajea: Jurnal Pendidikan 
Islam, 10(1), 99–128. DOI: https://doi.org/ 
10.29240/belajea.v10i1.11504 

Robin, H., Willemsen, I., van Kroesbergen, E., & 
Lazonder, A. W. (2024). Strengthening creative 
problem-solving within upper-elementary science 
education. The Journal of Creative Behavior, 58, 
137–150. DOI: https://doi.org/10.1002/jocb.639 

Sinon, I. L. S., Sapari, K. R., Allo, A. Y. T., Shwe, T., Win-
Thu, M., Mar, O., Izhari, F., Dhany, H. W., & Zarlis, M. 
(2021). Building students' habits of mind through 
process-oriented guided inquiry learning. In 
Journal of Physics: Conference Series, (Vol. 1918, No. 
5, p. 052077). IOP Publishing. DOI: https:// 
doi.org/10.1088/1742-6596/1918/5/052077 

Sulistiyarini, D., & Sabirin, F. (2020). 21st century 
literacy skill of information technology and 
computer education students. Jurnal Pendidikan 

Indonesia, 9(4), 576–585. DOI: https://doi.org/ 
10.23887/jpi-undiksha.v9i4. 24432 

Sun, X. (2022, February). Integrative analysis of self-
regulated learning ability and problem-solving 
among experts and novices. In 2021 International 
Conference on Education, Language and Art (ICELA 
2021) (pp. 1050-1054). Atlantis Press. DOI: 
https://doi.org/10.2991/assehr.k.220131.190 

Supriwardi, L., Arsih, F., & Fajrina, S. (2025). 
Development of biology teaching modules based on 
the RANDAI learning model to improve students' 
creative thinking and collaboration skills. Bio-
Inoved: Jurnal Biologi-Inovasi Pendidikan, 7(3), 
392–403. DOI: https://doi.org/10.20527/bino.v7 
i3.21968 

Suryawati, E., Rahmi, F. O., Alimin, M., & Wahono, B. 
(2024). First-year undergraduate biology 
education students' critical thinking and self-
regulation: Implementation of a metacognitive-
based e-learning module. Journal of Turkish Science 
Education, 21(4), 688–704. DOI: https://doi.org/ 
10.36681/tused.2024.037 

Susilowati, E., Hartini, S., Suyidno, S., Mayasari, T., & 
Winarno, N. (2018, November). Profile habits of 
mind students in physics learning. In Journal of 
Physics: Conference Series (Vol. 1120, No. 1, p. 
012055). IOP Publishing. DOI: https://doi.org/ 
10.1088/1742-6596/1120/1/012055 

Trixa, J., & Kaspar, K. (2024). Information literacy in the 
digital age: Information sources, evaluation 
strategies, and perceived teaching competences of 
pre-service teachers. Frontiers in Psychology, 15, 1–
22. DOI: https://doi.org/10.3389/fpsyg.2024. 
1336436 

Wang, B., Zhang, Y., Wang, Q., Li, D., & Tang, Z. (2019). 
Assessment of student knowledge integration in 
learning friction force. Journal of Baltic Science 
Education, 23(5), 767–785. DOI: https://doi.org 
/10.33225/jbse/24.23.767 

Weng, C., Chen, C., & Ai, X. (2023). A pedagogical study 
on promoting students' deep learning through 
design-based learning. International Journal of 
Technology and Design Education, 33(4), 1653–
1674. DOI: https://doi.org/10.1007/s10798-022-
09789-4 

Zebua, N. (2025). Integrasi teknologi digital dalam 
pembelajaran biologi: Analisis kualitatif terhadap 
pemahaman konseptual dan keterampilan. Edukasi 
Elita: Jurnal Inovasi Pendidikan, 2(2), 52-64. DOI: 
https://doi.org/10.62383/edukasi.v2i2.1306 

 

 

http://dx.doi.org/10.7160/eriesj.2021.140105
https://doi.org/10.3389/fpsyg.2017.00422
https://doi.org/10.1186/s40594-020-00208-5
https://doi.org/10.1186/s40594-020-00208-5
https://doi.org/10.29303/jpm.v19i1.6328
https://doi.org/10.1002/jocb.639
https://doi.org/10.62383/edukasi.v2i2.1306

