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Abstract

The Planets Approximating of Rising and Setting Time (PARST) educational tool was designed as a hands-on
activity to illustrate planets’ rising and setting times over long periods, considering the repeating patterns
of these events. It was anticipated to enhance students’ learning experience about planetary motion. This
research aimed to evaluate PARST’s learning effectiveness across three student groups in the classroom;
these groups are (1) a group using only PARST, (2) a group taught about planetary motion without using
PARST, and (3) a group taught about the planet motion and using PARST. The pre-test and post-test, with
questions designed based on the elements of Bloom’s taxonomy, were used to evaluate the three student
groups. The four methods for evaluating pre-test and post-test results are (a) hypothesis testing, (b) effective
size, (c) normalized gain, and (d) difficulty level. The four evaluation methods show the same pattern of
the highest efficiency in the group of students who use the PARST educational tool only without taking
lectures about planetary motion. These results imply that using the PARST educational tool without
studying the rising and setting times of planets can encourage students to develop an understanding of
planetary motion.

Keywords: educational tool, effectiveness, planetary motion, rising and setting time, Bloom’s taxonomy

B introduction

Educational or instructional tools can be used in the classroom to assist student learning.
Educational tools may be graphics, photos, or demonstration models used to express, simulate, or
demonstrate the class content as part of the teaching process to reach specific learning goals. In other
words, educational tools are used by teachers and learners to attain particular educational objectives. When
using educational tools in the classroom, students are encouraged to take greater ownership by learning

the materials and then coming to the session ready to apply and evaluate what they know. Preliminary
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research indicates that attendance, learning, and perceived value of education all increase with educational
tools (Woods & Rosenberg, 2016). The education tool, which is the main focus of this work, is the Planet
Approximating of Rising and Setting Time (PARST) educational tool (Laphirattanakul et al., 2024). As shown
in Figure 1 for Jupiter, the PARST is used to estimate rising and setting times by turning the circle mask until
the black arrow at the top of the slit points to the date on the cycles for which a user desires to know the
rising and setting times. The correct times are indicated by the pattern shown through the slit

(Laphirattanakul et al., 2024).
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Figure 1. The PARST educational tool for indicating the rising and setting time of Jupiter.

This educational tool was designed to reveal the repeated cycles and period variations when
indicating each planet’s rising and setting time. It contains the pattern of changing planets’ rising and setting
time, corresponding to each planet’s synodic event. Therefore, students who use this educational tool are
expected to enhance their ability to connect the characteristics of the pattern to the planet’s consecutive
positions in orbit, which will lead to the understanding of planetary motion and planets’ configurations in

the classroom.

The evaluation of educational tools' effectiveness is crucial for ensuring optimal learning outcomes
in education (Seidel & Shavelson, 2007). Without proper assessment, educators cannot verify if tools like
PARST actually enhance student understanding of complex astronomical concepts such as planetary
motion and celestial coordinates. Research has shown that students often develop misconceptions about
planetary motion when taught through traditional methods alone (Bakas & Mikropoulos, 2003; Stover &
Saunders, 2000). The evaluation process serves multiple critical purposes: it enables the improvement of

educational resources, validates the tool's effectiveness as a learning aid, and provides objective assessment
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of teaching methods (Seidel & Shavelson, 2007). Particularly in astronomy education, where abstract
concepts are essential, measuring tool effectiveness helps ensure students can correctly understand
planetary movements. Without systematic evaluation of educational tools like PARST, educators risk
implementing resources that may not effectively support student learning, potentially leading to persistent
misunderstandings of fundamental astronomical concepts (Galano et al., 2018).

The effectiveness evaluation can reveal the effectiveness of the educational tool in explaining
celestial coordinates, as mentioned above. To evaluate the effectiveness of the educational tool, the
students who use this educational tool will be assessed in pre-test and post-test. The pre-test is given to
analyze how much the students know about the topic and to help them focus more on the educational
tool before using it. After using the educational tool, the post-test is given to evaluate students’ learning
of the key concepts. For assessment, the students are separated into two groups: (1) a group lectured with
the educational tool (treatment group) and (2) a group lectured without the educational tool (control
group). The mean scores of the pre-test and post-test of these two groups will be analyzed and compared

by statistical analysis methods.
| Significance and Purposes

1) The effectiveness evaluation of the Planet Approximating of Rising and Setting Time (PARST)
educational tool is employed to reveal its capability in assisting students' learning about the rising
and setting time of planets and their repeated patterns of synodic period variations in the rising
and setting time cycles.

2) The evaluation results will significantly assist teachers in improving their teaching plans about the
sequences of motions of celestial objects. This improvement will enhance students’ efficiency in

learning about planetary motion and planets’ configurations in the classroom.
B Literature Reviews

From the long history of astronomy, teaching planetary motion has employed various types of
tools, e.g., Zodiac signs illustrated in mosaics (Cohen, 2022). The demonstration of the celestial coordinate
system is a way to specify the positions of celestial objects. They are often implemented in spherical
coordinates and projected on a celestial sphere (Ruangsuwan & Arayathanitkul, 2009). Learning about
celestial motion requires learners to understand the sequences of motions of celestial objects across the
frames of reference. The first frame of reference illustrated by the educational tool is the students’ Earth-
based perspective. Students’ understanding of astronomy from this frame of reference is initially based on
their observations of celestial objects in the sky. The explanation of celestial motion phenomena requires
students’ understanding of the space-based perspective, in which celestial objects are moving in space.
Thus, the full explanation of celestial motion phenomena requires understanding both Earth-based and

space-based perspectives and the ability to shift between these perspectives to explain why celestial
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objects appear to move or change as seen from the Earth (Plummer, 2014). An educational tool that
describes these celestial motions and the relationships between celestial coordinates should not be too
complicated for students. Moreover, while the direct observations with advanced instruments, e.¢., Infrared
Telescope Facility (Peralta et al., 2023), can give students a clearer perspective about the planet, the budget
for the class demonstration would increase significantly.

The preferred analysis method for comparing the difference between pre-test and post-test scores
is the paired sample t-test (Xu et al,, 2017). However, many researchers believe this method does not
provide enough information to indicate the effectiveness of an educational tool (Sullivan & Feinn, 2012).
Evaluation of the effect size and the normalized gain are other methods that can be used instead of the

paired sample t-test.
B Methods

The effectiveness of the PARST educational tool was tested on 57 secondary school students in
the science program, which studied the topic of planetary objects in national curriculum in the same high
school, in October 2020. The lecture was given by the same instructor. The educational tool was used
during an astronomy class about planetary motion. The students were divided into three groups: 18
students in the “Teach Only” group were taught about planetary motion without using the PARST
educational tool, 18 students in the “Use Only” group only used the PARST educational without attending
a lecture, and 21 students in “Teach and Use” group were taught about planetary motion and used the
PARST educational tool. All students took the pretest before and post-test after the procedures. The pre-
test and post-test have 15 multiple-choice questions designed to evaluate the first five elements of
behavior related to students’ intelligence, followed by Bloom’s taxonomy (Bloom, 1956), as shown in Table
1 and Appendix 1.

In this questionnaire, the highest level of metacognitive knowledge, such as evaluating and creating,
was rarely used. Higher levels of taxonomy are generally not used to examine students within the
undergraduate level (Karaksha et al.,, 2014) and high school level in this study. The pre-test and post-test

questionnaires were compared and analyzed by the first five elements, as shown in Table 1.

Table 1. The levels of questionnaires regarding Bloom’s Taxonomy.

Bloom’s taxonomy Questionnaires
1. Remember 1,13

2. Understand 7,11, 14

3. Apply 2,3,5,6,9

4. Analyze 4,8,10, 12

5. Evaluate 15

6. Create
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For hypothesis testing, when the pre-test and post-test scores were obtained, the mean scores
were determined and compared as part of hypothesis testing. The most preferable analysis method for
comparing the difference between pre-test and post-test scores is the paired sample t-test. Neyman and
Pearson (Neyman & Pearson, 1933) developed this test with null and alternative hypotheses. The null
hypothesis (HO) states that the means of student scores from pre-instruction and post-instruction are equal.
The alternative hypothesis (H1), in which the post-instruction mean score differs from the pre-instruction
mean score by a statistically significant amount (higher or lower), is only tenable if sufficient evidence is
provided to reject the null hypothesis. The t-test assumes that the population under inspection represents
a normal distribution. The significance level, a, of a t-test represents the maximum likelihood of rejecting a
true null hypothesis. For a 95% confidence interval, the significance level is a=0.05. If the probability value
p is less than or equal to a, a statistically significant difference exists between the means of the two
compared populations. Thus, the null hypothesis can be rejected. If p is greater than a, the null hypothesis
must be retained (Bardar, 2007). The educational tool is expected to be efficient when the mean value of
the post-test is higher than the mean value of the pre-test. In other words, the probability value p is less
than or equal to a. Thus, the educational tools can efficiently be used in the classroom, with the goal of
learning progression support for the students.

However, hypothesis testing has been used to test the effectiveness of an educational tool for
about a century. Until the beginning of the 21st century, many researchers argued that hypothesis testing
does not provide enough information to indicate the effectiveness of an educational tool (Nakagawa &
Cuthill, 2007; Barnett & Mathisen, 1997; Coe, 2012). They believed the hypothesis testing was inappropriate
and inadequate to interpret whether students can develop a learning process, while the null hypothesis
was rejected. Thus, another method, i.e., effect size and normalized gain, can be used instead of a paired
sample t-test.

Effect size (d) measures the magnitude of the effect created by an instructional intervention or
treatment. It is interpreted as the percentage of non-overlap of the treated group’s score with that of the
control group without instruction (Rakap, 2015). Mathematically, the effect size relates to the ratio of the
difference of mean scores between two groups (treated and controlled groups) to the standard deviation
of the treated group’s scores as equation (1).

%-%j

sD;

di = y (1)

where i and j represent those two groups, respectively. Moreover, SD; is the standard deviation of
group . Effect size can be used for either a single study or multiple studies. It has a practical significance.
An effect size of 0.2 is considered small, 0.5 is medium, and 0.8 or greater is largely effective (Cohen, 1988),

(Ole, 2020), as shown in Figure 2.
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d =0.40 d=0.85
Control Treatment Control Treatment
Group = Group Group —  Group

= - -

Figure 2. Comparison between the Effect Size of 0.4 and 0.85.
The normalized gain indicates how much the post-test score increases from the pre-test score.
This increasing score only depends on the learning progression of the teaching methods or educational
tools. The Normalized Gain (g) assesses students’ learning progression by comparing the difference

between pre-test and post-test scores to the maximum possible gain, as in equation (2).

(0 = @

Where (post) and (pre) indicate the average post-test and pre-test scores, respectively.

This gain measurement is used to compare pre-test and post-test scores to identify the
effectiveness of the teaching methods or educational tools. Hake (Hake, 1998) introduced the definition of
this measurement that (g} is considered to be a high gain if {(g) > 0.7, a medium gain if 0.7 > (g) > 0.3,
and a low gain if {(g) < 0.3. Based on this method, this normalization, by dividing with (full score) — (pre)
in equation (2), is suitable for the analysis of diverse student populations with widely varying scores,
corresponding to a comprehensive initial knowledge state. This method is applied based on the general
information that the courses with lecture-based instruction had low (g), courses with active-engagement
instruction primarily had medium (g), and following Hake’s study, all courses have (g) < 0.7 .

The difficulty level of a test's questions can be measured by comparing the number of students
with high test scores who answered that item correctly with the number of students with low scores who
answered the same question correctly (Boopathiraj & Chellamani, 2013). The high and low test scores are

separated by the mean value, as shown in Figure 3.

1 2 3 | a 5 Total score

High score
Group

====—t------——-| Meanscore Y

| Low score
Group
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Figure 3. Students are separated into two groups: students with total scores higher (yl. > }) and lower

(yl. < 37) than the mean score (¥).

The students who scored higher than the mean score were considered to have good performances.
In contrast, students who scored lower than the mean score were considered to have bad performance.
The difficulty level of each question (P, is calculated by counting the number of students with high test
scores who answered that question correctly (Ny) plus the number of students with low scores who
answered the same question correctly (N,) divided by half of the total number of students (n).
__ Ny+Np

If the difficulty level, P;, is less than 0.2, the question is considered difficult and can hardly
distinguish high-performance students from low-performance students. On the other hand, if P; is between
0.2 and 0.7, the question is considered of medium difficulty and can classify the student’s performance. In
addition, if P; is greater than 0.7, the question is considered easy because students with high and low test
scores can answer correctly.

The performance in the pre-test and post-test is conducted to illustrate the percentage of
students who obtained pre-test and post-test scores differently from each question. This analysis
quantitatively shows the performance comparison between pre-test and post-test of all students. The
performance indicates the ability of a student to answer each question correctly after using the educational
tool. The number of questions answered correctly and incorrectly in the pre-test and post-test were

counted and divided by the number of students.

Nep o 100 . (a)

PEM; ;) = .
Where i = 1 for correct answer in pre-test,
i = 0 for wrong answer in pre-test,
Jj = 1 for correct answer in post-test,
J = 0 for wrong answer in post-test,
N(i jy is the number of students in each i and j combination,
n is the number of total students.
From equation (4), the performance in the pre-test and post-test can be classified into 4 cases:
® PFMy ) is for the case of consistently good performance (C). These students gave correct answers
for both the pre-test and post-test.
® PFM4)is for the case of regressive performance (R). These students give correct answers for the
pre-test but wrong answers for the post-test.
® PFM,) is for the case of improved performance (I). These students give wrong answers for the

pre-test but correct answers for the post-test.

MNIATANAERS WINeSevounny, 47(4), 90-111
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® PFM,) is for the case of no improvement in the performance (N). These students give wrong

answers for both the pre-test and post-test.

These 4 cases will be studied with questions based on Bloom’s taxonomy, which classifies five
elements of behavior related to a student’s intelligence. This method can analyze the performance of
students in quantitative values. This method should be able to indicate the development of students’

abilities after using the educational tool.
M Results and Discussion

Fifty-seven students in the science program were separated into three groups: Use Only, Teach Only, and
Teach and Use groups. The test score development of the students from these groups is shown in Figure

4.

B pre-test mean score M post-test mean score

42.59

45.00
40.00
35.00
30.00
25.00
20.00
15.00
10.00

5.00

0.00

Use only Teach only Teach and Use

Figure 4. Percentage of students’ development between pre-test and post-test in three testing groups

The pre-test was organized for all three groups. Firstly, both the Teach and Use group and the
Teach Only group were taught about the rising and setting times of the planets. Next, both the Use Only
group and the Teach and Use group were conducted to use the PARST educational tools to indicate the
rising and setting times of the planets. All student groups took the post-test one week later. The students’
pre-test and post-test scores are shown in Figure 4. There were reasonable increments between the pre-
test and post-test, whereby more students from the Teach and Use group had high pre-test scores
compared to other groups. However, the scores obtained by the Teach and Use group increased less than
other groups in the post-test. These results suggest that the Teach and Use group students had a better
background before taking the class. Additionally, the results were analyzed by four methods.

The hypothesis testing consists of a null hypothesis (H,) and an alternative hypothesis (H;)
described as follows.

H,: No significant difference in student performance between the pre-test and post-test

H,: Significant difference in student performance between the pre-test and post-test
For a 95% confidence interval, the significance level is @ = 0.05. The p-values were determined by paired

sample t-test, as shown in Table 2.
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Table 2. The p-values of hypothesis testing by paired sample t-test in three testing groups.

Group t n p-values
Teach Only -5.06 18 0.0000975
Use Only -6.65 18 0.0000041
Teach and Use -5.91 21 0.0000089

From Table 2, all of the p-values were less than 0.05. The null hypothesis can be rejected. These
results imply that the total post-test responses were significantly higher than the pre-test responses for all
groups. Quantitatively, the students who used only PARST educational tools without being taught about
the rising and setting time of planets have the largest difference between pre-test and post-test mean
scores. In contrast, students who only studied about the rising and setting time of planets without using
the PARST educational tool have the least difference between pre-test and post-test mean scores.

For the effect size, the difference between the mean post-test and pre-test scores divided by the

standard deviation of the treated group was determined by equation (1). The results are shown in Table 3.

Table 3. The effect sizes of three student groups

Group Effect size (d)
Teach Only 1.32
Use Only 1.34
Teach and Use 1.24

From Table 3, all effect sizes are bigger than 0.8. However, the effect size of students who used
only PARST educational tools without studying planets’ rising and setting times is quantitatively bigger than
the effect sizes of other groups. These differences mean the post-test score of this group is significantly
higher than the pre-test score. For the normalized gain, each student’s mean pre-test and post-test scores
were determined and substituted in equation (2) to evaluate the gain of each group, where a perfect test

score is 15. All three groups’ average gains are shown in Table 4.

Table 4. The average gains of three student groups

Group Average gain < g >
Teach Only 0.19
Use Only 0.20
Teach and Use 0.13

From Table 4, the average gains of the three student groups are less than 0.30, considered a low
gain. However, students who used only the PARST educational tool had the highest gains than other groups.

For the difficulty level, this analysis started with arranging students’ test scores in ascending order. Next,
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the numbers of students with scores higher and lower than average were obtained. The difficulty of each

question was calculated and compared with the difficulty difference between the pre-test and post-test
for every items, considering the categories of questions according to Bloom’s taxonomy, as shown in Table
5. We considered pre-test questions identified as difficult (P; < 0.2) or medium (0.2 < P; < 0.7) that
become medium or easy post-test questions (P; = 0.7). The questions, whose difficulty levels change from
high difficulty in the pre-test to low difficulty in the post-test, are defined as decrement difficulty level
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questions. This type of question shows a significant development in students’ learning. However, the
difficulty levels of some questions changed from low to high. These questions are increment difficulty level
questions. That means students may be confused about the questions. If the difficulty levels in the pre-
test and post-test are similar, these questions are in a consistent difficulty level. The questions classified
by their types are summarized in Table 6.

The results in Table 6 show that the Teach group has six questions in decrement difficulty level.
This group has more decrement difficulty level questions than those of other groups. Moreover, for the
Teach group, one increment difficulty level question was found for the understood question type based
on Bloom’s taxonomy. Compared to the Teach Only group, the Teach and Use group also has one
increment difficulty level question for understand question type, as shown in Table 5. On the other hand,
the Use Only group has no questions in the increment difficulty level, but there are four questions in the
decrement difficulty level. Moreover, seven questions, the largest among the three groups of students, are
at a consistent difficulty level.

For the performance in pre-test and post-test, the pre-test and post-test scores for each student
were obtained. The performance in pre-test and post-test based on students’ scores are determined by
equation (4) for all questions performed in each group. Each question was classified based on an element
of behavior related to the student’s intelligence, according to Bloom’s taxonomy, as shown in Tables 7, 8,
and 9. Based on the performance of the Use Only group, as shown in Table 7, the number of students with
no improvement (PFMq oy) ranks first. This result implies that the questions are very difficult for this group.
However, the largest number of students in this group can correctly answer the remembered question.
Moreover, the number of students with the performance PFM 1y ranks second. This result implies that
many students in the Use Only group had improved performance. Most students who had consistently
good performance (PFM4,1y) in this group can correctly answer the remembered question.

For the Teach Only group, as shown in Table 8, the questions appear to be very difficult for this
group, which PFMq gy ranks first. The number of students with the performance PFMq ) for all question
types is that many students in this group have improved, but the overall average value is slightly less than
that of the Use Only group. The overall average value of regressive performance (PFM(, ) for the Teach
Only group is slightly less than that of the Use Only group.

For the Teach and Use group, as shown in Table 9, the average value of PFM g ) for this group is
higher than that of the Use Only and Teach Only groups. This result implies that the combination of teaching
the planetary topic and using the educational tool (Teach and Use) cannot effectively improve students’

[100]
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performance compared to the separated cases of teaching about planetary motion (Teach Only) and using

the PARST educational tool (Use Only).

Table 7. Performance in pre-test and post-test (PFM) of students in the Use Only group. The element levels

correspond to Bloom’s taxonomy.

Use Only group
Question Level PFM 1,0y PFM 0,0y PFM,1 PFM,1
4 analyze 5.56 61.11 11.11 22.22
8 analyze 16.67 66.67 0 16.67
10 analyze 16.67 11.11 33.33 38.89
12 analyze 0 77.78 0 22.22
average 9.73 54.17 11.11 25.00
2 apply 22.22 44.44 11.11 22.22
3 apply 11.11 44.44 22.22 22.22
5 apply 22.22 55.56 0 22.22
6 apply 27.78 16.67 11.11 4a4.44
9 apply 11.11 72.22 0 16.67
average 18.89 46.67 8.89 25.55
15 evaluate 0 55.56 5.56 38.89
average 0 55.56 5.56 38.89
1 remember 0 0 72.22 27.78
13 remember 33.33 5.56 271.78 33.33
average 16.67 2.78 50.00 30.56
7 understand 16.67 27.78 16.67 38.89
11 understand 16.67 50 0 33.33
14 understand 11.11 61.11 0 27.78
average 14.82 46.30 5.56 33.33
Overall average 12.02 41.10 16.22 30.67

For the conclusion of the performance, Table 10 clearly shows the highest percentage of the
number of students who have no improvement in the performance of each group (i.e., answering wrongly
in both pre-test and post-test). The results confirm that the questions are very difficult, even after the
students learned about planetary motion from the lecture or using the educational tool. However, the
higher percentage of correctly answered pre-test questions in the Teach and Use group indicates that the

students may have aptitude in this topic before learming the planetary topic and using the educational
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tool. After using PARST and learning the planetary motion, about two-thirds of students in the Teach and
Use group who answered the pre-test questions correctly also answered the post-test questions correctly.
On the other hand, more than two-sevenths of the students in this sroup who wrongly answered the pre-

test questions answered the post-test questions correctly.

Table 8. Performance in pre-test and post-test (PFM) of students in the Teach only group. The levels

correspond to Bloom’s taxonomy.

Teach Only group
Question Level PFM 1,0y PFM 5,0y PFM,1 PFM 0,1

4 analyze 16.67 72.22 5.56 5.56
8 analyze 5.56 55.56 11.11 27.78
10 analyze 5.56 55.56 11.11 27.78
12 analyze 11.11 44.44 11.11 33.33
average 9.73 56.94 9.72 23.61

2 apply 5.56 27.78 33.33 33.33
3 apply 16.67 50 5.56 27.78
5 apply 16.67 38.89 16.67 27.78
6 apply 11.11 72.22 5.56 11.11
9 apply 11.11 44.44 16.67 27.78
average 12.22 46.67 15.56 25.56

15 evaluate 5.56 33.33 33.33 27.78
average 5.56 33.33 33.33 27.78

1 remember 5.56 5.56 55.56 33.33
13 remember 5.56 66.67 5.56 22.22
average 5.56 36.12 30.56 27.78

7 understand 27.78 38.89 11.11 22.22
11 understand 16.67 72.22 5.56 5.56
14 understand 5.56 38.89 0 55.56
average 16.67 50.00 5.56 27.78
Overall average 9.95 44.61 18.95 26.50

In the case of improved performance (answering pre-test wrongly but correctly answering post-
test), the Use Only group has more students in this case than the other groups, with 30.67% of all students.
On the other hand, there are 26.50% of improved performance students in the Teach Only group. Moreover,
in the Teach and Use group, the improved performance students make up only 21.03% of all students in
this group. This information implies that most students can improve their performance on the test with

only the use of the PARST teaching tool and without taking the lecture.

(102] MNIATANAERS WINeSevounny, 47(4), 90-111

doi: 10.14456/edkku;j.2020.x



UnALITY (Research Article) MsEsAnWAERS uvnIneraeveuunu Journal of Education Khon Kaen University)

Table 9. Performance in pre-test and post-test (PFM) of students in the Teach and Use group. The levels

correspond to Bloom’s taxonomy.

Teach and Use group
Question Level PFM1,0) PFM0,0) PFM1,1 PFMo,1
a4 analyze 476 47.62 23.81 23.81
8 analyze 9.52 76.19 9.52 476
10 analyze 14.29 19.05 42.86 23.81
12 analyze 9.52 52.38 28.57 9.52
average 9.52 48.81 26.19 15.48
2 apply 14.29 28.57 28.57 28.57
3 apply 14.29 52.38 0 33.33
5 apply 476 61.9 19.05 14.29
6 apply 9.52 66.67 0 23.81
9 apply 9.52 61.9 9.52 19.05
average 10.48 54.28 11.43 23.81
15 evaluate 9.52 42.86 14.29 33.33
average 9.52 42.86 14.29 33.33
1 remember 4.76 0 85.71 9.52
13 remember 0 76.19 0 23.81
average 2.38 38.10 42.86 16.67
7 understand 19.05 33.33 28.57 19.05
11 understand 19.05 52.38 9.52 19.05
14 understand 14.29 76.19 0 9.52
average 17.46 53.97 12.70 15.87
Overall average 9.87 47.60 21.49 21.03

Table 10. Divided cases of all three groups and their performances.

group pre-test post-test case

Correct (16.22%) C

Correct (28.23%)
Wrong (12.02%) R

Use Only

Correct (30.67%) |

Wrong (71.77%)
Wrong (41.10%) N
Correct (18.95%) C

Correct (28.90%)
Wrong (9.95%) R

Teach Only

Correct (26.50%) |

Wrong (71.10%)

Wrong (44.61%) N
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Correct (21.49%) C

Correct (31.36%)
Wrong (9.87%) R

Teach and Use
Correct (21.03%) |

Wrong (68.63%)

Wrong (47.60%) N

Cases: C - consistently good performance, R - regressive performance, | — improved performance,

N - no improvement in the performance

The effectiveness of the PARST educational tool can be explained through Kolb's experiential
learning cycle theory. This theory consists of four stages that describe how students learn through
experience: concrete experience, reflective observation, abstract conceptualization, and active
experimentation (Abdulwahed & Nagy, 2009). In this research, students in the Use Only group engaged with
all four stages through the PARST educational tool. They gained hands-on experience by manipulating the
tool to observe planetary positions, reflected on the patterns of rising and setting times they observed,
connected these observations to understand planetary motion concepts, and tested their understanding
by making predictions about planetary positions. The higher performance of the Use Only group compared
to other groups suggests that completing all stages of the experiential learning cycle leads to better learning
outcomes. The effect sizes of 1.34 for the Use Only group, compared to 1.32 for the Teach Only group and
1.24 for the Teach and Use group, demonstrate this enhanced effectiveness. These findings suggest
important implications for astronomy education. The superior performance of students who used only the
educational tool indicates that introducing astronomical concepts through interactive tools before formal
instruction may be more effective than traditional lecture-based approaches. Moreover, the lower
performance of the Teach and Use group suggests that combining both teaching methods simultaneously
may interfere with students' natural learning process. This interference could create difficulties in processing
information, potentially reducing the effectiveness of both teaching methods. These results suggest that
astronomy educators should consider implementing a tool-first approach, allowing students to explore and

learn through educational tools before providing formal instruction about planetary motion concepts.

B conclusion

Comparing the effectiveness of the PARST educational tool in the Use Only, Teach Only, and Teach and
Use groups, four analysis methods for students’ performances show the same pattern of highest
effectiveness in the Use Only group. For the hypothesis testing method, the PARST is more effective for the
Use Only group than other groups because the p-value is less than the significant level, a, and is less than
that of the Teach Only and Teach and Use groups. However, the total post-test responses were significantly
higher than the pre-test responses for all three groups. For the results of the second method, the effect
size of students who only used the PARST educational tool without studying the rising and setting times of
planets was quantitatively bigger than the effect size in other groups. However, the effect sizes of all groups
were bigger than 0.8, indicating that their efficiencies are significantly increased. For the normalized gain
method, the Use Only group also has a higher gain than others. However, the gains of all groups are less
than 0.30, which is classified as low gain.
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For the difficulty level method, the number of questions with a decrement in difficulty level in the
Use Only group is lower than in the other groups. However, there is no question with an increment in
difficulty level. These results suggest that the questions do not become more difficult after the students
use the PARST. For other groups, the increments in difficulty levels were found, corresponding to a change
in difficulty level from low difficulty in the pre-test to high difficulty in the post-test. For analyzing the
method of performance in pre-test and post-test, The Use Only group may have improved performance
than the other groups. This result implies that only using the PARST educational tool without studying the
rising and setting times of planets can encourage students to develop a learning process on planetary
motion.

In order to assess the effectiveness, the PARST educational tool was directly assessed by 27
secondary school students who study planetary motions and planets’ configurations in the classroom.
Upon using this educational tool, students learn to analyze the acquired rising time from using PARST in
cooperating with their understanding of the planet’s position. According to a post-class survey, 74.1% of
students replied that the PARSTs can help them learn about the difference in each planet’s rising and
setting times. In addition, the survey shows that 63.0% of students replied that the PARSTs can help them
learn that the rising and setting times relate to the planets’ location in their orbits corresponding to Earth’s
position. 55.6% of students can identify the times when the planets’ rising and setting times repeat, as
observed from Earth. Moreover, 77.8% of students agreed that the PARSTs can help them develop the
learning progression about planetary motion. The majority of the students comment that the educational

tool is easy to use and can be used by the general public.

In conclusion, the students who learn about planetary motion using only the PARST educational
tool without taking a lecture can develop an understanding, as shown in every effective evaluation method
in this research. This effectiveness can be explained through Kolb's experiential learning cycle, where
students progress through concrete experience, reflective observation, abstract conceptualization, and
active experimentation while using the tool. Moreover, students who only took the lecture without using
PARST developed a learning process to a lesser extent than those who only used PARST. These results
show that using PARST educational tools can almost replace teaching about planetary motion, especially
when the teacher cannot teach students about this topic. The findings suggest that a tool-first approach,
where students interact with educational tools before receiving formal instruction, may be more effective
than traditional lecture-first methods. However, careful consideration must be given to the timing and
integration of different instructional methods, as simultaneous exposure to both teaching methods might
create cognitive overload and reduce learning effectiveness. In addition, the collaboration between PARST
educational tools and assigned worksheets can be another alternative teaching plan to help students
understand more about planetary motion when properly sequenced.

Finally, in response to the purposes of this study, this work on the effectiveness evaluation of the
PARST educational tool reveals its capability to assist students in learning about the planets’ rising and

setting times corresponding to each planet’s synodic period, even though they have not taken a lecture
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before. In addition, the collaboration between PARST educational tools and assigned worksheets can be an
alternative teaching plan to help students understand more about planetary motion and planets’

configurations in the classroom.

B Limitations and Recommendations

Limitations

The educational tool illustrates the planet's rising and setting times on a cardboard chart. The
limitation of the size of the tool allows only a specific range of times to be revealed on the PARST. More

information forces the font size of the number to be smaller and harder for the students to read.

Recommendations

Although the effectiveness evaluation results have shown that this educational tool can be used
as a substitute for teaching planetary motion topics, some results indicate cases of regressive performance
or no improvement in student performance. Furthermore, in terms of difficulty level, there are also some
cases where the difficulty level of the post-test increased compared to the pre-test or did not change.
Therefore, this educational tool may need further development to assist students in learning sufficiently.
Improvement of the design of PARST could help students obtain progressive performance when they leamn

about planetary motion.
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| Appendix

The pre-test and post-test
Student NamMe......ccoevevvevevninecreeen,
Topic Effectiveness evaluation for the teaching tool: The Planets Approximating of Rising and Setting
Time (PARST)
Description This is a multiple-choice test with four choices for each of the 15 questions. The score is 1
point for each question.

Objective  To evaluate the student's learning progress about the planet’s motion.

Instruction Choose only one best answer in the answer sheet

eastern

quadrature greatest

eastern
elongation

opposition| Eart l inferior conjunctio
LI T o) L
supertor conjunction

0\ 3 I .
inferior planet's orbit

greatest western
clongation

\
Superior planet's
orbit

western
quadrature

Above figure: Important positions of inferior and superior planets

Which planet is classified as an inferior planet?

a. Venus b. Mars c. Pluto d. Eris

When is the earliest rising time for Venus?

a. 1:00 am b. 2:45 am c. 5:30 am d. 7:20 am

When is the latest setting time for Venus?

a. 2:45 pm b. 7:30 pm c. 9:15 pm d. 10:00 pm
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What is the position of Venus relative to the Earth and the Sun when Venus’ latest rising time occurs?
a. inferior conjunction b. superior conjunction

C. greatest eastern elongation d. greatest western elongation

How many times did Venus rise at the latest time between 2012 and 20197 (Venus’ synodic period is 584
days).
a. 4 b.5 c.6 d. 7

When is the earliest rising time for Mars?

a. 12:00 am b. 6:00 am c. 12:00 pm d. 11:00 pm

On the day Mars rises at 10:00 pm, what is the setting time of Mars at the same location as the observer?

a. 4:00 am b. 10:00 am c. 4:00 pm d. 10:00 pm
What is the position of Mars relative to the Earth and the Sun when Mars’ setting time is 6:00 pm?
a. superior conjunction b. opposition

c. eastern quadrature d. western quadrature

How many times did Mars rise at 11:00 pm between 2012 and 2019? (Mars’ synodic period is 780 days)
a. 4 b.5 c.6 d. 7

In another solar system, there are planets, including A, B, C, and D, with properties as follows.

Planets A B C D

Distances from the host star (AU) 048 | 1.62 | 445 | 12.39

An observer is on another planet, R, at a distance of 0.73 AU from the host star. Which planet has the rising
time and the setting time varying within a limited duration (shorter than 24 hours), as seen from planet R?

a. planet A b. planet B c. planet C d. planet D

What is the position of the superior planets relative to the Earth and the Sun when they have retrograde

motion?
a. superior conjunction b. opposition
c. eastern quadrature d. western quadrature

Jupiter has a synodic period of about 398 days. If its start position relative to the Earth and Sun is
“Opposition”, which position will Jupiter be approximately 200 days after the start position?
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a. superior conjunction b. opposition

C. eastern quadrature d. western quadrature

13. Which planet has the longest synodic period?

a. Mercury b. Venus c. Mars d. Neptune

14. What is the position of Venus relative to the Earth and the Sun when it changes from being a morning star
(rises before the sunrise) to an evening star (sets after the sunset)?
a. inferior conjunction b. superior conjunction

C. greatest eastern elongation d. greatest western elongation

15. Which of the following is the most accurate phenomenon observed by an observer on Earth?
a. Venus can be apparent in the sky at 12:00 am.
b. Mars can rise at the same time as Mercury at 9:00 pm.
c. Jupiter and Saturn can be at a very close angular distance (< 1°).

d. Saturn at the opposition position can set at 12:00 am.
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