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ABSTRACT
The study was aimed at determining the effectiveness of learning using Technological
Pedagogical and Content Knowledge (TPACK) framework in helping the change of
reasoning patterns and modes of Biology prospective teachers so that it facilitates in
encompassing the Embryology as one of abstract concepts. The subjects used were 49
students of Biology teachers who were having a contract in Embryology course in Biology
Education Study Program, in a private educational institute in Bandung. The research
design used was quasi-experimental with time-series design type. The measurement of
the level of reasoning ability, patterns, and modes of the students were done through the
Test of Logical Thinking (ToLT) three times (before the learning program takes place, after
learning the first four main subjects, and after the learning program was over). The results
showed that the Embryology learning with TPACK framework could directly change the
from concrete and transitional reasoners categories to formal reasoners. The learning with
TPACK framework also influenced the shift of the students’ logical thinking modes; from
the ownership of proportional and/or correlational mode to the ownership of two or three
reasoning modes between proportional, probability, correlational, and combinatorial,
except the variable control mode.
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INTRODUCTION
Embryology is one of study areas in Biology that students of Biology prospective teachers must master, in
relation to the duty as teachers they will carry out (Aversi-Ferreira et al., 2012; Carlson, 2002; Cassidy, 2016;
Garcia, Santos, Moraes, & Rodrigues, 2016). Within the scope of Embryology, the development process of
va-rious types of animals is studied from the fertilized ovum to the time of hatching or birth, which includes
variations of the six basic stages, namely: fertilization, cleavage, gastrulation, organogenesis, metamorphosis
and gametogenesis (Gilbert, 2010). In general, embryogenesis occurs in the zygote which is not easily
observed because of its relatively small size. There are events that take place dynamically, complex, change
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quickly and continuously on macro and microscopic scalea, in three or four dimensions (3- 4D) (Alberts et
al., 2002; Hardin, 2008; Reece et al., 2014; Sadler & Langman, 2012; Yamada et al., 2006). This situation
makes concepts in embryology abstract that are difficult to explain and understand (Chen & Hua, 2017;
Kazzazi & Bartlett, 2017; Lee, 2018; Moraes & Pereira, 2010).
The mastery of abstract concepts requires high level reasoning ability (Bird, 2010; Effendy, Mudhofir, &
Yulianti, 2018; Susac, Bubic, Vrbanc, & Planinic, 2014; Yenilmez, Sungur, & Tekkaya, 2005). Based on
Piaget's theory of cognitive development, it can only be owned by someone who reaches adulthood or after
his/her cognitive development reaches the reasoning level of formal operation. In fact, the reasoning ability
and intelligence of students are not always at an adequate level. The result of preliminary observation using
the Test of Logical Thinking (ToLT) instrument (Valanides, 1997) shows that the intellectual development of
students in most Embryology lecture participants is still at the reasoning level of concrete operation (Nurdiani,
2012). The cognitive development of formal operation does not only depend on the age of a person, but also
cannot be separated from other factors that influence it. Assignment factors in the form of task content,
manipulation of instructions in tasks, as well as variables that differ individually, play a role in the development
of levels of formal reasoning (Valanides, 1997).
There are five modes of reasoning included in formal level reasoning, namely proportional reasoning,
variable control reasoning, probabilistic reasoning, correlational reasoning, and combinatorial reasoning.
Proportional reasoning is a reasoning pattern that allows a person to know and interpret the relationships
described in the observed variables. Variable control reasoning is the ability to control certain variables from a
problem. Probabilistic reasoning is the reasoning that occurs when a person uses information to determine
whether a conclusion is possible or not. The correlational pattern is the mindset used by a person to
determine reciprocal relationships or inverse relationships between variables. Combinatorial reasoning is the
ability of a person to make changes to alternatives that may occur in certain performance (Valanides, 1997).
To overcome the difficulties of students mastering Embryology concepts, a learning program has been
developed with the application of the Technological Pedagogical and Content Knowledge (TPACK) framework
which combines seven components of knowledge into a single context of the learning program, namely
Content Knowledge (CK), Pedagogical Knowledge (PK), Technological Knowledge (TK), knowledge of
content and pedagogy (Pedagogical Content Knowledge = PCK), knowledge of technology and content
(Technological Content Knowledge = TCK), knowledge of technology and pedagogy (Technological
Pedagogical Knowledge = TPK), as well as the complex unity of all components in particular learning contexts
(Mishra & Koehler, 2006; Koehler & Mishra, 2009).
In the context of Embryology learning, the TPACK framework is built by fulfilling its components with
elements chosen wisely, according to TPACK's original characteristics (Mishra & Koehler, 2006; Koehler &
Mishra, 2009). In addition, the TPACK assessment criteria of a good teacher ar also fulfilled, namely (1)
identification of topics taught with technology, such as topics that are difficult for students to understand or
topics that are difficult for teachers to teach effectively in the class; (2) identification of representations to
change contents taught into forms that students can understand, and are difficult to support in traditional
ways; (3) identification of teaching strategies, which are difficult or impossible to be implemented in the
traditional way; (4) selection of appropriate computer devices and effective use of pedagogy; and (5)
identification of learner centered learning strategies, which are appropriate to be combined with technology
(Angeli & Valanides, 2015).

METHOD
The implementation of the TPACK framework in the context of Embryology learning in this study was
achieved by observing and fulfilling the characteristics of the seven TPACK components, to be mixed in a
semester learning program. The components of Content Knowledge (CK) in this study were expressed in the
form of Embryology teaching materials that are focused on important main topics identified as difficult for
students to understand and difficult for teachers to teach effectively, including the History of Development of
Embryological Ideas, Reproductive Organs, Reproductive Neurohormonal Regulation; Gametogenesis
(Spermatogenesis and Oogenesis); Fertilization; Cleavage; Gastrulation; and Organogenesis. This shows the
fulfillment of the first TPACK assessment criterion of a good teacher TPACK assessment, namely identifying
topics taught with technology, such as topics that are difficult for students to understand or topics that
teachers are difficult to teach effectively in the class (Angeli & Valanides, 2015).
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The components of pedagogical knowledge (PK) in this study were reflected in the determination of
learning objectives, the preparation of learning plans, and the determination of the TPACK framework and
blended learning framework as the preferred learning method used. Blended learning is a learning method
that combines independent learning via the internet (e-learning) and in-class learning (Rusman & Riyana,
2013). The fulfillment of this PK component also meets the second TPACK criterion of a good teacher, namely
the identification of teaching strategies, which are difficult or impossible to be implemented in the traditional
way (Angeli & Valanides, 2015).
The component of technology knowledge (TK) in this study was fulfilled by the use of information
technology in classroom management, provision of teaching materials, and the Embryology learning process.
The PCK com-ponent was reflected in the interpretation of teaching materials into different forms and ways of
representation so that it is easier for lecture participants to understand.
This was in line with the fulfillment of the next criterion of the teachers' TPACK implementation, namely the
identification of representations to change contents taught into forms that students can understand, and
difficult to support in traditional ways (Harr, Eichler, & Renkl, 2015; Messina & Tabone, 2012; Muhtadi,
Wahyudin, Kartasasmita, & Prahmana, 2018; Saudelli & Ciampa, 2014; Wati, Fitriana, & Mardiyana, 2018).
The TCK component in this study was contained in the use of information technology to change the representation of Embryology teaching materials into interactive multimedia (IM) forms. TPK components were
filled with the change of Embryology learning methods into IT assisted learning with the use of Learning
Management System (LMS) Moodle as a class management tool in the context of online learning. The
fulfillment of the TCK and TPK components was a description of the fulfillment of other criteria for the
implementation of the TPACK teacher, namely the selection of the right computer equipment and the use of
effective pedagogy; and identification of learner centered learning strategies, which are right to be combined
with technology (Angeli & Valanides, 2015).
In conducting this research, the research design used was a quasi experimental design with time series
design type. The study lasted for one semester of learning. The learning in this study was applied to
prospective Biology teachers who were currently having a contract in an Embryology lecture in the Biology
Education Study Program, at an education institution for education personnel in Bandung, covering a total of
49 students.
The e-learning session of blended learning was carried out by students by accessing teaching materials in
the form of IM uploaded into the LMS Moodle application via the internet network on the
bio.elearning.unpas.ac.id website. The time given for e-learning was a week long before in-class sessions,
with the task of studying and summarizing the main subjects.
An in-class session was carried out in a duration of 150 minutes (3 credits). In in-class learning, students
of research subjects were given reinforcement of understanding with structured assignments in the form of
cases they have to solve through group discussions and presentations. In the sub subjects of the
Reproductive System and Gametogenesis, learning was complemented by verificative practicum. In the main
subjects of Cleavage, Gastrulation and Organogenesis, the learning was complemented with assignments of
embryo modeling using styrofoam.
The measurement of students' level of reasoning ability, pattern and mode is carried out through the Test
of Logical Thinking (ToLT). The ToLT instrument consists of 10 written questions covering five types of modes
of reasoning (proportional reasoning, variable control, correlational, probability, and combinatorial). Each
reasoning mode is represented by two questions. The ToLT score is the basis for categorizing logical thinking
bs; scores of 0 - 1 for the category of concrete reasoning, scores of 2 - 3 for the category of transitional
reasoning, and scores of 4 - 10 for the category of formal reasoning (Valanides, 1997). ToLT in this study was
conducted three times, namely before the learning program took place, after learning the first four subjects,
and after the learning program was over. The data were analyzed per individual, then data with the same
tendency are group and the percentage was determined. To see the pattern of changes in reasoning levels
and modes, the data are represented in the form of a map of changes of reasoning patterns and modes.

RESULTS AND DISCUSSION
The recapitulation of the number of the students of research subjects with changes in the level of
reasoning is presented in the Table 1. The measurement of reasoning levels of the students participating in
the Embryology lecture before the learning program takes place is important to be obtained in order to know
the categories of reasoning level, so that the appropriate learning strategies/methods can be determined and
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learning objectives can be more easily achieved. The result of ToLT1 (Table 1) shows that before the
intervention/treatment, the subjects of the study were dominated by a group of concrete reasoners of 32
students (65.31%); a group of transitional reasoners which includes 15 students (30.61%), and a group of
formal reasoners consisting only two students (4.08%). In this condition, it can be estimated that mastering
abstract Embryology concepts is not easily achieved by the subjects without intervention of treatment in the
form of learning assisted with a method and media that concretize abstract concepts, while helping to improve
reasoning patterns and modes (Aversi-Ferreira et al., 2012; Carlson, 2002; Moraes & Pereira, 2010;
Valanides, 1997).
Table 1. Changes in the number of the students of research subjects in the category of logical thinking ability based on the ToLT
scores
ToLT Scores
Reasoning Level Categories
ToLT 1
ToLT 2
ToLT 3
Concrete (Score 0 – 1)
32 (65.31%)
26 (50.06%)
10 (21.41%)
Transitional (Score 2 – 3)
15 (30.61%)
21 (42.86%)
18 (36.73%)
Formal (Score 4 – 10)
2 (4.08%)
2 (4.08%)
21 (42.86%)
Total
49
49
49
Note : ToLT 1 = the first Test of Logical Thinking
ToLT 2 = the second Test of Logical Thinking
ToLT 3 = the third Test of Logical Thinking

The second measurement of the students' reasoning level (ToLT 2) was conducted after the application of
the TPACK framework in learning the first four main subjects, including the History of the Development of
Embryolo-gical Ideas, Reproductive Organs, Reproductive Neurohormonal Regulation, and Gametogenesis
(Spermatogenesis and Oogenesis). The learning process of the main subject of the Reproductive System is
integrated with verificative practicum. The results of ToLT2 (Table 1) show a change in the reasoning patterns
of the students. The number of concrete reasoners decreases to 26 people (50.06%). The number of
transitional reasoners increases to 21 people (42.86%), but the number of formal reasoners does not change.
This data show that the application of the TPACK framework on the learning of the four Embryology main
subjects influences the shift of reasoning patterns from concrete reasoning pattern to transitional reasoning
pattern.
The shift in the level of logical thinking ability also appears in the third measurement (ToLT 3) (Table 1)
which was conducted after the learning of these following four Embryology main subjects (Fertilization,
Cleavage, Gastrulation, and Organogenesis). The number of concrete reasoners has decreased to 10
students (21.41%), the number of transitional reasoners has decreased to 18 students (36.73%), and the
number of formal reasoners has increased to 21 students (42.86%).
To find out the shift direction of the students' reasoning levels, it can be seen on the map of change of the
number of students' with each category of reasoning level shown in Figure 1.

Figure 1. The map of the shift of the students' reasoning patterns after Embryology learning with the application of the TPACK
framework.
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The Figure 1 shows that the learning of the four main subjects change the number of concrete reasoniers
into transitional reasoners, while the learning of the next four main subjects change concrete and transitional
reasoners into formal reasoners. Through this data analysis, it indicates that Embryology learning with the
application of the TPACK framework can direct changes in reasoning patterns from the category of concrete
reasoning to the formal reasoning. This is in line with the Neimak's statement (Valanides, 1997) which
concludes the results of his study that the task contents, the manipulation of instructions in the tasks, and the
different variables individually can affect the forma-tion of formal thinking. In the context of this study, the use
of interactive multi media enables the visualization of abstract embryological concepts to be more concrete,
detailed and systematic. Uploading this interactive multimedia into the Moodle LMS that can be accessed
online, allows students to increase their access to information, and improve self-regulation in learning. Thus,
for the students this learning becomes more meaningful, interesting and facilitates understanding and
formation of formal thinking.
Embryology learning with the TPACK framework also affects the reasoning mode shifts. The results of the
analysis of the correct answers on the ToLT items are presented in Table 2.
Table 2. Changes in the number of the students in the logical thinking mode based on the correct answers to the ToLT items
Number of Students with Correct Answers
Reasoning modes
ToLT 1
ToLT 2
ToLT 3
Proportional (Items 1/2)
19
27
31
Variable Control (Items 3/4)
3
6
7
Probability (Items 5/6)
7
2
20
Correlational (Items 7/8)
10
19
20
Combinatorial (Items 9/10)
0
3
45
Note : ToLT 1 = the first Test of Logical Thinking
ToLT 2 = the second Test of Logical Thinking
ToLT 3 = the third Test of Logical Thinking

The results of ToLT1 show that the research subjects are dominated by students who hava proportional
and correlational reasoning modes. As ToLT1 was conducted before the Embryology learning program with
TPACK, the ownership of both reasoning modes is a representation of previous learning experiences. ToLT 2
which was conducted after the learning of the four main subjects shows the results of the ownership of more
dispersed reasoning mode covering all types of reasoning modes. The detailed data of measurement results
shows that almost every student has a combination of two or three reasoning modes, that is between
proportional, probability and correlational, except for the variable control mode which is only possessed by
very few students (6 students). It seems that changing the representation of embryological teaching material
presented in the multimedia in this study, besides allowing students to know and interpret the relationships
depicted in the observed variables (proportional reasoning mode), is also sufficient to encourage student
reasoning to use the information obtained in determining the possibility of drawing a conclusion (probabilistic
reasoning mode), and determining reciprocal relationships or inverse relationships between variables
(correlational reasoning mode). The non-establishment of variable control reasoning mode can be expected to
occur because the method used in the Embryology learning process with TPACK framework, especially
practicum which is only verification without being experimental/manipulative and problem statements that are
less challenging in discussions, is not enough to train students to develop their ability to control certain
variables from a problem.
ToLT3 which was conducted after the learning of the next four main subjects gain results that were not
much different from the results of ToLT2, except for the increase in the number of students who have a
combinatorial reasoning mode (45 students). In the learning of the last four main subjects, the students were
given assignments in the form of making models of embryos made from styrofoam in the shapes of balls and
slabs. This assignment seems to play a strong role in the development of the ownership of the students'
combinatorial mode. Combinatorial reasoning is an ability of a person to determine an alternative that might
occur in certain situations systematically (Kaygısız & Gürkan, 2018; Ong, Zaki, & Goodman, 2015; Valanides,
1997; Whitebread et al., 2017).
The TPACK framework is a complex interaction of the seven components of knowledge (CK, PK, TK,
PCK, TCK, TPK, and TPACK). Therefore, increasing the pattern and mode of reasoning in this study is the
combined effect of each of the strengths and weaknesses of each component. Thus, the success of learning
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with the TPACK framework approach is very dependent on the accuracy of determining the type of element of
each component that is integrated.
In embryology learning there are many difficult terms that must be memorized and understood so students
often misunderstand the concepts given. Using TPACK allows students to like and enjoy learning. If the
learning can be enjoyed and implemented properly by students, it will be able to make students concentrate in
accepting and understanding the concepts learned.
Learning in ancient times was only required by teachers to master aspects of subject matter and
pedagogics only. Now with the development of technology, the teacher must be able to keep up with
technology. Based on this, integration between material, technology and pedagogy is needed. Integrating
technology in learning is not an easy thing, because to be able to choose the right technology the teacher
must master the material to be taught so that it can analyze the characteristics of the material. The teacher
must also consider the strategies in learning according to the technology used. TPACK requires a relationship
of interaction that is synergy between material, pedagogy and technology.
TPACK with learning devices also has a relationship, where teachers who have high TPACK can develop
high learning tools as well. This is because TPACK is essential knowledge that can influence the learning
method. Preparation of learning planning using technology and in accordance with TPACK criteria does not
mean only inserting the use of technology in learning. The main thing in preparing learning devices using
TPACK is the learning objectives and activities then the appropriate technology is chosen.
TPACK has advantages such as in the preparation of instructional design, learning instruction, learning
models and strategies, assessment systems and curriculum design. Based on these advantages, TPACK
contributes greatly to changes and learning paradigms.
The use of informatics technology to transform the representation of embryological teaching materials into
interactive multimedia forms uploaded into the LMS Moodle, the use of blended learning methods, and other
structured assignments, which are carried out in an integrated manner have helped students improve their
pattern and mode of reasoning, which in turn will help overcome difficulties in mastering the concept of
embryology.

CONCLUSION
Based on the results of this study, it can be concluded that the implementation of the TPACK framework in
the context of Embryology learning for the students of Biology prospective teachers plays a very important
role in building patterns and modes of logical thinking. The Embryology learning with TPACK framework can
direct changes in reasoning patterns from categories of concrete and transitional reasoners to the category of
formal reasoners. This learning also influences the shift of the students’ logical thinking mode; from the
ownership of proportional and or correlational modes to the ownership of two or three reasoning modes
between proportional, probability, correlational and combinatorial, except for variable control modes.
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