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Process images are a series of sequential images as a whole, able to
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Introduction:-

A book is still the main learning resource used by teachers on learning process (Tania and Fadiawati, 2015:164).
The use of printed textbooks (57.4%) was more common than the digital version (Millar and Schrier, 2015:174).
Textbooks were also regarded as a reliable medium and able to provide important information that supports and
enhances the learning process of students (Knight, 2015:1). However, the existing printed textbooks are generally
still not able to facilitate the learning process of students maximally (Tania and Fadiawati, 2015:164). That is
because of the content of the book which contains more verbal explanations or words and the lack of use of images
that are able to visualize a thing or state related to a concept. Thus, it will affect the success of student learning
process from the beginning (when observing activity).
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Basically observing activities as successful determinants of the next stage in observing, questioning, reasoning,
trying, and communicating, involved a particular process and assisted with the images, so that students can
understand important concepts related to matter (Yusmar et al., 2017:2). Biology is the most visually classified
science and has a long history of using images to define and relate concepts in living systems (Bell, 2014:1). Based
on the results of the researcher survey, it was known that 18 of 20 students felt more interested in learning to use
printed textbooks equipped with many pictures or images. It showed that images can increase students' interest in the
subject of Biology, including the material of Digestive System.

In addition, students still had difficulties in understanding some of the physiological concepts of the digestive
system, for example, the location of the organ, peristaltic motion, organ working mechanism, and related enzymes
(chemical digestion) as well as the absorption process (nutrients and water). Body as a biological system was
characterized by organization, interaction, complex components, and a dynamic process (Assaraf et al., 2011:33-34).
Most of the physiological processes which occurred in the digestive system were abstract and can’t be observed
directly.

Overall, basically, Biology learning cannot be separated from images and processes. Thus, innovations that can be
done to improve student learning process is to unify the characteristics of the image and process. The process image
is defined as an image or modeling that contains a series of different images (size, shape, color, position, position),
but one image with the others is a unified whole and describes a particular process (Harianto et al., 2017). Main
characteristics of a process image include: composed of several different images (colors, shapes, sizes, positions),
the images are arranged in sequence, constituting a unity or interconnected, and describing a particular process.
Thus, the concept of a food-digestive process is illustrated by a series of different consecutive images (size, shape,
color, position), but remains a unity). Therefore, students can understand and remember important concepts for a
long time.

Retention is an ability to remember concepts and theories that have been studied previously in a certain period, so
that can determine the results of a learning process. Student retention belongs to a complex system and it required
certain efforts and strategies to improve it (Forsman et al., 2014; Forsman et al., 2015). Educators can organize and
conditioned learning in schools to increase student retention (McGregor and Mills, 2012), including the use of
textbooks based on process images.

Basically, process images include a simplified form of a complicated process being simpler presented through
various images, icons, symbols, shapes, diagrams in such a way. The presentation is suitable with the characteristics
of the process images. The purpose of simplification is to facilitate the brain in recalling information (Topsakal and
Oversby, 2013:28). It relates to the limited capacity of the brain and cannot accommodate the overall complex
information at once (Jensen, 2005:43).

Generally, cerebellum consists of two hemispheres: the right hemisphere and the left hemisphere associated with the
corpus callosum (Jensen, 2005; Campbell, 2008). The left hemisphere plays a role in verbal or linguistic, logic,
numeracy, math, intellectual and consecutive work abilities. The right hemisphere emphasizes related things rhythm,
music, images, creativity, and emotional (Long et al., 2012; Corballis, 2014). As for, part of the brain that also plays
an important role related to remembering new information is hippocampus.

Hippocampus includes the center of learning and memory (McCrory et al., 2010; Wilson et al., 2011). The majority
centers of the short-term memory was on the frontal lobes of the brain (Linden et al., 2003) and information is
accessed within the hippocampus link, but when the memory is made into long-term, the link is replaced by a more
permanent connection within the cerebral cortex (the gray-ash outside of each hemisphere) (Jensen, 2005:16;
Campbell, 2008). The use of printed textbooks based on process images can facilitate students to map information
from various concepts and theories about a material so that it can be stored systematically in the brain. A display can
be an image of a particular object can visualize the condition and character of the object, while affecting the
perception of the object (Stefanikova and Prokop, 2015). In addition, the use of images that have been developed in
such a way could enhance the integration of information in a text (Dunlosky et al., 2013), made it easy to understand
and remember the information. Thus, the use of appropriate media (easy to use, communicative and informative)
includes solutions that can be done to overcome the problems that generally occur in the learning process (Syahroni
et al., 2016:117) such as student’s retention of knowledge. One of the media that can be used is printed textbooks
based on process images to solve the problem, especially about the digestive system. Therefore, this research aims to
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analyze the effectiveness of printed textbooks based on process images in improving students' learning retention
about the digestive system.

Research Method:-

The initial stage of this research is a trial use of textbooks based on process image on the digestive system material
which is done in a cyclic manner. The subjects of product trial are students of the eleventh class of senior high
school 02 Bondowoso, Indonesia (class A) and senior high school 01 Prajekan, Bondowoso, Indonesia (class B).
Each trial is conducted during four meetings and use products that have been validated by experts (materials, media,
and development).

Student’s retention of knowledge is derived from posttest and retest results. The posttest is given after the last
meeting, while the retest takes 2 weeks after the posttest. Then the value is analyzed using recognition method to
determine the criteria of student learning retention score (formula 1). The score criteria obtained from the calculation
will be interpreted according to the criteria in Table 1.

Retest

= Db e 1
Posttest x100% ( )

Table 1:-The criteria of student’s learning retention

Retention (%) Qualitative Criteria
R <50 Very Less
50 <R<60 Less
60 <R<70 Enough
70 <R< 80 Good
R >80 Very Well

(Source: Roediger and Karpicke, 2006).

Findings and Discussion:-
The results of product trials which mainly related to student learning retention involve posttest and retest result. The
mean of test results for each trial (A and B) are presented in Table 2. and Figure 1.

Tabel 2:-The mean of student’s posttest and retest

Test Class A Class B
N Mean N Mean
Posttest 40 82.9 30 79.4
Retest 40 80.6 30 77.6
4 N\

|| Pnc’rmcr, R’
79.4

Retest, B, 77.6 = Posttest
m Retest

Mean

Product Trials

Figure 1:-The mean of student’s posttest and retest result
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The information in Table 2. and Figure 1. shows the students' retention of knowledge of the material slightly
decreased after 2 weeks. This is indicated by the mean of retest 80.6 (A) and 77.6 (B). The result is smaller than the
mean of posttest, but it is still above the minimum exhaustiveness criteria. Furthermore, criteria of students’
retention can be seen in Table 3.

Table 3:-The result of percentage calculation of student retention

Retention (%) Criteria Frequency of Student

A B
R <50 Very Less 0 0
50 <R< 60 Less 0 0
60 <R<70 Enough 0 0
70 <R<80 Good 0 0
R>280 Very Well 40 30
The number of students 40 30

Mean of retention percentage 97% 98%

Standart deviation 0.01 0.01

Criteria Very Well Very Well

Based on Table 3, it can be seen that criteria of students' retention about digestion system is very well with the mean
of percentage 97% (A) and 98% (B). The results are obtained from the calculation of posttest and retest value of
each student using the formula that has been determined (Formula 1). In addition, the retention percentage of each
student is almost no difference. This is shown by the very small standard deviation (0.01).

Discussion:-

Visualization of concepts related to the process of food digestion includes the main advantages of digestive system
textbooks based on process images which are different than other textbooks. Based on Table 2, it is known that
textbooks based on process images can also improve students' understanding and memory in both trials (A and B).
This is shown from the good mean value. In addition, retest result is less than posttest because it indicates a concept-
related memory reduction after an interval of 2 weeks. However, based on the results in Table 3. the description
materials based on process images can minimize the occurrence of forgetting or in other words can be easier to
remember the concept has been studied, so it fulfills the very well criteria of retention. The information presented
through the images also lingers longer than just words (Bransford et al., 2005: 124; Rinne et al., 2011:89-90;
Hardiman et al., 2014:144). It because of the information is more memorable and has a greater possibility to be
stored in long-term memory. The possibility is also related to the processing of information in Dual Coding Theory,
between verbal and non-verbal. Nevertheless, the presentation of the materials in textbooks based on process images
also includes verbal explanations. The combination of the use of verbal and nonverbal media can improve the
learning process of students because learning information becomes more easily absorbed by students (Clark and
Paivio, 1991).

The use of process images illustration is not only related to the function of the right hemisphere brain but also the
left hemisphere. Picture or visual stimulation becomes part of the right hemisphere function (right brain), whereas
the left brain is more likely to be verbal stimulation. Basically, the characteristics of the process images also show
the existence of the relationship with the left hemisphere brain function that is related to the process gradual and
sequential. Thus, the use of process images in learning can also maximize the function of both students'
hemispheres. This is due to the mutual cooperation between the right and left hemispheres in performing their
functions (Gulpinar, 2005:301; Gainotti, 2014). The thick band of the axon (corpus callosum) allows communication
between right and left hemispheres (Jensen, 2005:13, Campbell, 2008) and contributes to other processes including
higher cognitive abilities (McCrory et al., 2010; Wilson et al ., 2011).

Conclusion:-

Based on the results and discussions, digestive system textbooks based on process images can improve students'
recall ability related concepts that have been studied. This can be seen from the mean of the retention percentage of
both trials (A and B) that fulfill very well the criteria.
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