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ABSTRACT

This study intended to prove whether process image-based worksheets of  geometrical optics could enhance stu-
dents’ higher-order thinking (HOTS) and self-regulated learning (SRL). This was quasi-experimental research 
of  non-equivalent control group design. This research was conducted to grade 8 junior high school students at 
a junior high school in Jember district studying the geometrical optic. The sample was 70 students; 35 students 
belonged to an experimental group and the other 35 students in a control group. The HOTS data were obtained 
from test results and the SRL data were collected from questionnaire results. To determine the effect of  using 
the worksheets on the students’ HOTS and SRL, carried out was an independent t-test at a significance level of  
(2-tailed) α = 0.05. The results showed that the worksheets had a significant effect on the HOTS seen from α <0.05 
and that the t

count
>t

table
 at df  = 68. In addition, the worksheets also owned a significant effect on the students’ SRL 

seen from  α <0,05 and that the t
count

 = 14,692 (>t
table

). Thus, it concluded that the learning with the worksheets 
had a significant influence on the junior high school students’ HOTS and SRL which are required for preparing 
their life in the 21st century.
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INTRODUCTION

Physics is a part of  science that taught on 
senior high school students. Geometrical optics 
is a part of  physics which can be learned through 
any learning printed media such as student work-
sheets. The development of  science and technolo-
gy in the 21st-century requires humans to be able 
to think in higher level or have higher order thin-
king skills (HOTS) and self-regulated learning 
(SRL) in overcoming problems in the world and 

the everyday life due to the massive challenges 
that must be faced. The problem is: how to create 
student worksheets (SW) which can enhance stu-
dents’ HOTS and SRL?

The 21st-century science subject demands 
the development of  students’ HOTS since there 
is a significant relationship between HOTS and 
students’ academic achievement (Ramos et al., 
2013; Fariyani et al., 2017; Tanujaya et al., 2017; 
Gallagher et al., 2012). However, the needs analy-
sis of  learning HOTS for generating ideas is more 
difficult ( Heong et al., 2012).   Other than that, 
students are also expected to be independent in 
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learning or so-called the self-regulated learning 
(SRL) as it would affect their learning outcomes 
(Cheng, 2011; Law et al., 2008; Alibakhshi & 
Zare, 2010). Daniela (2015) said that SRL should 
be involved in learning to enhance academic 
performance for the secondary school students. 
Hence, schools should facilitate every learning 
process of  all subjects, especially science, for stu-
dents to develop their HOTS and SRL. 

Science is one of  the junior high school 
subjects covering physics, chemistry, biology, 
astronomy, and geology; while the essence of  
science subject is a process, product, and attitude 
(Sutarto & Indrawati, 2017; Trowbridge & Bybee, 
1990). The product of  science subject includes 
facts, concepts, principles, theories, or laws. Me-
anwhile, the process refers to the way of  obtaining 
the science products which covers ways, methods, 
or steps taken when solving a problem or finding 
the product knowledge. Such a process is called a 
scientific method which consists of  seven stages: 
(1) defining the problem; (2) collecting informa-
tion; (3) forming a hypothesis; (4) conducting an 
experiment; (5) recording observation and analy-
zing the data; (6) drawing up a conclusion; and 
(7) publishing the results (Passmore et al., 2009). 
Referring to the same sources, attitude defines as 
an individual response while conducting the sta-
ges of  scientific methods such as honesty, objec-
tivity, conscientious, perseverance, and curiosity. 
In sum, solving a science problem requires seve-
ral steps done in an experiment.

As mentioned above, science fundamental-
ly comprises process-product. Thus, good science 
learning does not only discuss product knowled-
ge but also study the process of  product making. 
Schools of  a developing country like Indonesia 
generally do not implement the practice of  scien-
ce process, arguing that there are not sufficient 
facilities and too much time-consuming.

    The practice of  science process is needed 
in learning since it clarifies the logic mistakes of  
students towards a scientific phenomenon. For 
instance, provided were two colors (red and blue) 
mixed into purple (violet), but when asked about 
the results of  mixing the primary colors (red, 
orange, yellow, green, blue, indigo, and purple), 
they answered incorrectly. Instead, their answer 
was black, or even a new color. Furthermore, they 
marveled that mixing all the colors results in whi-
te. This phenomenon indicates that the practice 
of  science process is required in science learning.

    The paradigm-shifting of  school lear-
ning from knowledge transferring into learning 
transferring has elucidated that not all science to-
pics taught in schools must be equipped with the 

practice of  scientific process. Instead, the practice 
of  science process intends to stimulate students’ 
motor skills in science, and not to examine all 
science materials. The practice of  science process 
ultimately aims at giving experience to students 
in examining a science phenomenon empirically, 
which would enrich their cognitive process in the 
form of  intellectual skills (Conklin, 2005).

    Science is a subject discussing either real 
or abstract events. The real science event is rela-
tively easy to explain, while the abstract ones are 
quite complicated (Sutarto & Indrawati, 2017). 
This means that although science learning has 
been equipped with sufficient learning sources 
and supported by the practice of  the science pro-
cess, teachers’ explanation remains to be needed 
to teach the abstract concept. However, a learning 
process involving many teachers’ explanation ca-
tegorized as the knowledge transfer.

In accordance with the communication 
theory proposed by Severin & Tankard (2001), a 
new oral/written information is initially accepted 
by an individual’s sense before getting in the me-
mory function stored as the new knowledge and 
deciphered into codes and pictures. This informa-
tion coding is strongly influenced by knowledge, 
experience, codes, or pictures owned by the indi-
vidual. Next, the new coded information would 
be stored as the individual’s new knowledge. This 
theory gives an understanding that inaccuracy 
between the purpose and the individual’s compre-
hension of  the information is called misconcepti-
on, which caused by the individual’s inaccuracy 
in decoding the content. Therefore, helping stu-
dents depict oral and written information before 
it is accepted as new information would minima-
lize the occurrence of  misconception.

Objects learned in science are generally re-
lated to natural phenomena. Basically, learning 
natural phenomena is a process of  observing the 
occurrence of  a certain phenomenon. The length 
and abstractness of  a phenomenon make it diffi-
cult to be understood by students. Thus, proper 
learning media is necessary for the sake of  the 
students in learning abstract science concepts. 
Stefanikova & Prokop (2015) explained that 
using the visual media by pictures could bridge 
the difficulties of  abstract science concept and 
stimulate students’ thinking process. Moreover, 
pictures as one of  the visual media could assist 
learners in understanding a concept correctly and 
chronologically (Shabiralyani et al., 2015).

A process image is an image containing 
the processes or stages of  changing the occurring 
phenomenon. Sutarto & Indrawati (2017)  inter-
preted the process image as a series of  the object 
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image (objects, events, or phenomena). The series 
of  images always have a relative difference bet-
ween one and another in terms of  circumstances, 
position, form, or combination, which wholly de-
picts a coherent stage. If  process images are used 
to embed a concept, it needs analysis and evalua-
tion skills; in other words, HOTS. Thus, it is pos-
sible to learn science concepts by analyzing the 
steps or the transformation in the process image 
to make it easier for students to understand the 
concepts. In its presentation for learning, process 
images can be manifested through printed media 
such as student worksheets (SW).

Some studies on learning with process 
image-based printed media have been previous-
ly carried out. Sutarto & Indrawati (2017) have 
shown that learning with process image-based 
printed media was effective for the collision con-
cepts taught in senior high schools on the stu-
dents’ picture and graph representation skills as 
well as learning outcome improvement. Figure 
1 is the process image example of  collision con-
cepts.

The same research was carried out by 
Zainuri et al. (2017) showing that process ima-
ge-based worksheets made students active, also, 
enhanced their learning outcomes and indepen-
dence. The use of  the process image is also effec-
tive for learning electrolyte and non-electrolyte 
solutions of  students in high schools (Doymus et 
al., 2010). 

 Science subject in junior high schools 
mostly contains physics, biology, and geology. 
Geometrical optics is one of  the subjects inclu-
ded in the syllabus of  junior and senior high 
school science subjects. Geometrical optics is stu-
died in physics talking about the behavior of  light 
through a ray approach by applying geometrical 
principles. The rays in the geometrical optics are 
symbolized by a straight line whose direction of  
propagation follows the direction of  light propa-
gation. The concepts studied in geometric optics 
are the concepts of  propagation, reflection, and 

refraction.
Interview results with several physics te-

achers stated that geometrical optics is a relative-
ly simple physics topic. Nevertheless, this opinion 
turned out to be completely incorrect. Geometri-
cal optics is not easily understood by the students, 
physic students or even physics teachers (Blizak 
et al., 2009; Kaltakci & Eryilmaz, 2010; Vithara-
na, 2015; Kaltakci et al., 2016). The same thing is 
also shown by the results of  the study conducted 
by Fariyani et al. (2017). The description illustra-
tes the need for media that can help to facilitate 
students in understanding the concepts of  geo-
metrical optics and preventing conceptual errors.

Based on the interview results with several 
science teachers and observations on the imple-
mentation of  geometrical optics learning in se-
veral regional schools in East Java, it obtained 
that almost all explanations of  geometrical optics 
materials did not equip with a complete explana-
tion of  the process, such as the origin of  normal 
line during the reflection and refraction, lack of  
complete marking of  the beam sequencing at the 
geometrical optics process, and so on. Therefore, 
appropriate learning media should be provided to 
elucidate the process of  the beam in forming the 
object shadows.

As previously explained, the process ima-
ge-based worksheets are able to guide students to 
think about the way of  analyzing the event pro-
cess, for example, the way the light falls in the 
field of  reflection (mirror) and the light sequence 
when falling in the field of  refraction; also, in-
terpreting the normal line, the angle of  arrival, 
the bounce angle, and the bias angle. This allows 
students to more easily capture the provided in-
formation. The use of  process images requires 
HOTS especially in analyzing and evaluating. 
Hence, it is said that the HOTS could be deve-
loped through images. The reason why the pro-
cess image is manifested into printed form was 
to boost the students’ independence learning. 
Therefore, a proof  was needed whether the ima-
ge process-based worksheets could affect the stu-
dents’ HOTS and instill their SRL.

METHODS

 This research aimed at studying the im-
pacts of  using the geometrical optics process ima-
ge-based worksheets on junior high school stu-
dents to improve their HOTS and SRL. Hence, 
this was a quasi-experimental research of  Static 
Group Comparison Design or known as Non-
Equivalent Control Group design (Fraenkel & 
Wallen, 2009). The independent variable of  this 

Figure 1. The Collision Process Between Two 
Objects

(Sutarto & Indrawati, 2017)
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research was geometrical optics process image-
based worksheets while the dependent variable 
was the higher-order thinking skills (HOTS) and 
self-regulated learning (SRL). Based on the de-
sign, the students in both the experimental class 
(E) and control class (C) were tested their HOTS 
and SRL. The research subject was eight graders 
at one of  the junior high schools in Jember Re-
gency.

The instrument for measuring HOTS was 
two sets of  test referring to the 4th (analysis) and 
5th (evaluation) level of  the revised Bloom’s ta-
xonomy (Conklin, 2005). There were 12 argu-
mentative multiple questions each. The first set 
comprised reflection concepts (four questions of  
the reflection on a flat mirror, four questions of  
reflection on a concave mirror, and four ques-
tions of  the reflection on a convex mirror) and 
the other set covered refraction concepts (four 
questions of  the refraction on a flat mirror, four 
questions of  the refraction on a concave mirror, 
and four questions of  the refraction on a convex 
mirror). Of  the 24 questions, it obtained 22 valid 
(logical validation results) and reliable items. The 
KR-20 reliability coefficient obtained 0.784 (good 
criteria); so, the reliability was acceptable (Dunn, 
et al, 2013). 

The instrument used to measure SRL 
was a questionnaire adapted from (Ismail, et al.,   
2012) which has been declared valid at    = 0.05 
with a corrected item-total correlation average of  
0.79 (r

count
> r

table
). Fraenkel & Wallen (2009) sta-

ted that the minimum requirement of  eligibility 
is r = 0.3 and the instrument is said to be reli-
able if  the Cronbach alpha value is > 0.6 at   
= 0.05. Based on the results of  the SRL questi-
onnaire instrument trial, the value of  Cronbach 
alpha was 0.986>0.6 which categorized as very 
high of  the value range (0.81-1.00). The develo-
ped SRL questionnaires consisted of  40 items 
containing 11 indicators, namely: (1) seeking 
information; (2) self-esteem; (3) environmental 
control; (4) peer learning; (5) self-evaluation; (6) 
strategy training; (7) controlling environmental 

motivation, (8) self-talk about learning efficien-
cy, (9) self-talk about learning achievement, (10) 
time management, and (11) elaboration (Ismail& 
Sharma, 2012). The SRL data were analyzed 
using a Likert scale of  1 to 5. The criteria of  SRL 
were very high (VH), high (H), intermediate (I), 
low (L), and very low (VL), if  the score between 
80.1 – 100; 60,1 – 80; 40,1-  60; 20,1 – 40; and 
0 – 20 respectively. 

To see the effect of  the treatment on HOTS 
and SRL, the data analysis technique used was 
inferential statistics namely t-test or difference 
test to compare the students’ HOTS and SRL in 
the experimental and control class. Before perfor-
ming the t-test, the data must be tested for its nor-
mality and homogeneity to determine which type 
of  test should be performed, either parametric or 
non-parametric. The t-test analysis employed the 
polled variance formula. Such formula is used 
when the number of  samples is the same (n1 = 
n2) and homogeneous. To calculate the t-test, the 
SPSS version 20 for Windows was employed.

RESULTS AND DISCUSSION

This research was carried out to eight gra-
ders of  junior high school at Jember Regency; one 
class as the experimental class and the other as 
the control class consisting of  35 students each. 
The impacts of  process image-based worksheets 
on the students’ HOTS and SRL are explained 
as follows;

The Impacts of Process Image-Based 
Worksheets on HOTS

 The impacts of  using the geometrical op-
tics process image-based worksheets for the ref-
lection and refraction concepts on the students’ 
HOTS, especially in the category of  descriptive 
analysis and evaluation in both the experimental 
control class are presented in Table 1. This study 
determined two thinking skills because conceptu-
al analyses of  process image cannot help students 
to learn until they reach the creating level.

Table 1. The Descriptive Analysis Results of  Students’ Hots in the Experimental and Control Class

HOTS  elements

Reflection Concept Refraction Concept

E  (N=35) C (N =35) E (N=35) C (N =35)

M SD M SD M SD M SD

Analysis 80.1 2.6 70.6 4.4 80.48 1.9 70.0 4.4

Evaluation 80.6 2.1 70.0 4.2 81.51 1.9 69.4 4.6
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Table 1 shows that the students’ HOTS 
averages on the concept of  reflection and refrac-
tion taught using the process image-based work-
sheets were almost the same; between 80-81 in the 
experimental class and 69-71 in the control class 
with the same standard deviation. The difference 
between experiment and control class is caused 
by students’ control class have several misconcep-
tions of  incident and reflection angle, and normal 
line. There are several students of  control class 
that have difficulties for drawing of  image forma-
tion process on a spherical lens. Figure 2 shows 
one form of  students’ misconception of  image 
formation on a convex lens. Several students said 
that image is always located in front of  an object 
and the distance object to lens equals image to a 
lens (red arrows).

The analysis results of  the independent 
sample t-test for the students’ HOTS in the expe-
rimental and control class are explained as below.

The proposed hypotheses in this research 
were: (1) Ho: There was no difference between 
the average scores of  the students’ HOTS in the 
experimental (E) and control (C) class; and (2) 
Ha: The difference existed between the average 
scores of  the students’ HOTS in the experimental 
and control class. The basis of  decision making: 
If  the value was significant or sig. (2-tailed)> 0.05 
then Ho was accepted and Ha was rejected; or, if  
the value was significant or sig. (2-tailed) <0.05 
then Ho was rejected and Ha was accepted.

Based on the SPSS analyses of  the t-test, it 
indicated that the sig value. (2-tailed) of  the HOTS 
on reflection and refraction topic, both at the ana-
lysis and evaluation aspects was all <0.05. This 
shows that Ho was rejected or Ha was accepted, 
meaning that the difference existed between the 
students’ HOTS in the experimental class and 
the control class. As seen in Table 2, the average 
HOTS on the reflection and refraction materials 
for the experimental class was higher. This indi-
cated that the use of  process image-based work-
sheets for geometrical optics had an effect on the 

students’ HOTS. This was consistent with the 
findings of  Sutarto & Indrawati (2017) revealing 
that the process image-based worksheets were 
effective for teaching the mechanics topic taught 
to high school students. The process image is a 
kind of  visual media. Ainsworth et al. (2011) said 
that scientist making visualizations is integral to 
scientific thinking. Scientists do not use words 
only but rely on diagrams, graphs, videos, pho-
tographs, and other images to make discoveries, 
explain findings, and excite public interest. Raiyn 
(2016) showed that visual learning tools could in-
crease the students’ HOTS. Zainuri et al. (2017)
also found that there was an effect of  the process 
image-based worksheets for learning the light 
concept for junior high school students. Next, 
(Doymus et al., 2010) also found that printed me-
dia with process images was effective for learning 
the electrolyte and non-electrolyte solution ma-
terials in high schools. In addition, a clear task 
for analyzing process images was also influential 
to generate ideas in students, so that their higher-
order thinking skills (HOTS) were developed pri-
marily for analyzing and evaluating skills. This 
is in line with the results of  the study conducted 
by (Davar, 2012) and Maries & Singh (2017) con-
cluded that productive diagram or process image 
also improved student’s problem-solving. Heong 
et al. (2013) which stated that generating ideas 
are highly essential for emerging HOTS.

The Impacts of Process Image-Based 
Worksheets on SRL

Table 2 presents the impacts of  the learning 
with process image-based worksheets for geomet-
rical optics on the students’ SRL seen from the 
average scores of  the 11 indicators.

Table 2 indicates that the experimental 
class students had better SRL than the control 
class students. It informs that the highest, the 
average, and the lowest SRL score categorized as 
very high, high, and intermediate, while the cont-
rol class classified as intermediate, low, and low. 

Figure 2. The Formation of  a Spherical Lens 
(Convex Lens)

Table 2. The Comparison of  Students’ SRL in 
the Experimental and Control Class

No
Score 
Range

Criteria E C 

1 80,1 -100 VH 5 0

2 60,1 - 80 H 23 0

3 40,1 - 60 I 7 8

4 20,1 - 40 L 0 27

5 0    - 20 VL 0 0
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When looking at the score data analyses of  SRL, 
the highest score of  experiment class was 90,  the 
lowest score was 45, and the average score was 
72.4. The control class’ scores of  SRL were 52,5 
(highest score), 25 (the lowest score), and 38 (ave-
rage score). 

The significant influence of  geometrical 
optics learning with the image process-based 
worksheets on the students’ SRL was examined 
by the t-test analysis results as described below.

The proposed hypotheses in this research 
were: (1) Ho: There was no difference between 
the average scores of  the students’ SRL in the 
experimental and control class; and (2) Ha: The 
difference existed between the average scores of  
the students’ SRL in the experimental and cont-
rol class. The basis of  decision making was; If  
the value was significant or sig. (2-tailed)> 0.05 
then Ho was accepted and Ha was rejected. If  the 
value was significant or sig. (2-tailed) <0.05 then 
Ho was rejected and Ha was accepted.

Based on the data analysis results, the va-
lue of  the sig. (2-tailed) for the SRL was <0.05, 
at df  = 68 (t-table = 2,000 at   = 0,05), and the 
score of  t-count = 14,692> t-table was obtained. 
Thus, the Ho was rejected or there was a differen-
ce between the students’ SRL in the experimental 
and control class. If  seen from the SRL average 
and SRL criteria in Table 2, the experimental 
class students’ SRL was better. Hence, it conclu-
ded that the learning of  geometrical optics with 
the process image-based worksheets could embed 
the SRL of  experimental class students well. This 
was in line with the research results of  (Zainu-
ri  et al., 2017) which revealed that learning with 
process image-based worksheets could improve 
students’ self-regulated learning. In addition, 
when students utilize the process image-based 
worksheets, they automatically have the freedom 
to learn, such as seeking information, controlling 
the environment, being efficient in learning, and 
being able to repeat it (Ismail & Sharma, 2012).

CONCLUSION

Based on the results and discussion, we 
could conclude that the geometrical optics pro-
cess image-based worksheets could significant-
ly influence the students’ higher-order thinking 
skills, especially in the aspects of  analyzing and 
evaluating for both reflection and refraction con-
cepts. Besides that, the geometrical optics lear-
ning with the help of  process image-based work-
sheets has proven to have a significant effect on 
the students’ learning independence, meaning 

that the worksheets could instill the students’ self-
regulated learning.

Furthermore, the researchers suggested 
that teachers or printed media developers design 
many more proper process images to stimulate 
students in analyzing and finding out concepts 
(HOTS) through their independence of  learning 
(SRL).
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