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Introduction:  STAR Academy was founded as an 

initiative from a group of scientist and outreach 

specialists at The Arecibo Observatory who wanted to 

contribute to Puerto Rico’s development through 

informal educational programs that fostered scientific 

interest among young students. The curricular activities 

of the program focus on four main ideas: develop 

astronomy content knowledge, develop research skills 

at a pre-undergraduate level, promote programming as 

a scientific asset, and provide opportunities for 

leadership skills to flourish. These components respond 

to the current need in scientific literacy among students 

at the high school level, and their readiness to participate 

in an equal opportunity application process to top tier 

universities around the world. The student’s scientific 

identity is another of the aspects that we aim to develop 

by providing the opportunity for students to meet and 

interact with world renowned scientists. Also, each 

student is mentored throughout the development of their 

research project, as this has been shown to help students 

identify themselves as future scientists [1]. The 

curriculum, which was developed as part of The 

Arecibo Observatory’s Research Experience for 

Teachers program, covers topics that span from the 

scientific method and the electromagnetic spectrum, to 

planetary sciences, atmospheric sciences, and 

cosmology. As part of the program, the students attend 

6.5 hours of live meetings for 15 weeks and present the 

results of their research projects on the 16th and last 

week of the program. Aside from the live meetings, 

students are constantly engaging in asynchronous 

activities that promote the continuity of learning during 

the days that no live meetings occur. The content 

knowledge of the students is assessed through a pre and 

post-test instrument that was develop considering the 

content of the curriculum. The programming, research, 

and leadership skills are assessed through the 

development of an independent or group research 

project. 

Achievements: The academy has running for three 

consecutive semesters, more recently completing its 

third semester on December 19, 2020. Each semester 

had its particular setting, due to the occurrence of 

unexpected events such as the sequence of intense 

earthquakes occurred in early 2020 in Puerto Rico and 

the Covid-19 pandemic. The first semester of STAR 

Academy was offered on site (Fall 2019), the second 

started in person but transferred to an online setting in 

March (Spring 2020), and the third was entirely through 

the online modality (Fall 2019). Each semester had 

students that joined but decided to leave the program as 

it was not of their true appeal or interest, such that the N 

of students that took the pre and post-test changed, with 

the second semester being the exception due to three 

students joining two to three weeks into the program and 

not taking the pre-test. Out of these three students that 

joined after the program began, two decided to drop 

mid-program, along with one student who joined since 

the first day. Due to this, we observed an equal number 

of pre and post-tests (N=21). In Table 1 we can observe 

the variations in N participants and descriptive statistics 

of test scores, where 34 points is the maximum 

attainable by a student. Each row in the table denotes a 

test in a specific semester using a “semester_test” 

notation.  

 

 N Min. Max. Mean Std. Dev. 

F19_PRE 33 6 27 21.00 4.514 

F19_POST 30 22 34 30.00 2.901 

S20_PRE 21 11 25 19.86 3.864 

S20_POST 21 21 32 27.71 3.566 

F20PRE 32 2 32 17.78 6.394 

F20_POST 29 25 34 30.93 2.034 

Table 1: Pre and Post-Test Descriptive Statistics 

 

In Figure 1 we observe that the distributions of post-

test scores are more right-skewed as compared to the 

pre-test, which show a closer to normal distribution. 

These observations serve to denote the progress that the 

students make as they go through the program, almost 

always heavily improving their score obtained in the 

test. It is necessary to specify that the students are never 

informed that they will take again the same assessment 

they took at the beginning of the semester, but that it is 

announced as a final assessment for which the students 

review all content learned throughout the semester, and 

that proctoring measures where conducted to secure the 

integrity of the assessment in virtual modality. The 

standard deviation can be interpreted as the differences 

in content knowledge among students, as they come 

from different schools and grades (9th to 12th). However, 

we observe a decrease in all post-test score standard 

deviation, as compared to their corresponding pre-test 

metrics, validating that the academy serves to close the 

gaps between the differences in content knowledge that 

might occur due to other social and education variables. 
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Figure 1: Pre and Post-Test Boxplots 

 

As shown in Table 1 and Figure 1, the students that 

participated in the third semester (Fall 2020) presented 

the greatest quantitative progress of all three. The results 

suggest that the method of virtual content delivery was 

not negatively influential in the content knowledge 

development of the students. However, due to the nature 

of the situation, the students participating in this 

semester conducted group research progress with an 

average three to four students per group. A total of 44 

research projects have been completed thus far. A 

survey was recently conducted where 29 students from 

the past three semesters decided to participate 

voluntarily and anonymously. In the survey we explored 

the career aspirations and influence that their 

participation had in the decision to pursue (or not to) 

studies in STEM. The results show that 80% of the 

students that are already in college are enrolled in a 

STEM major and 95.8% of the students still in high 

school plan to enroll in a STEM program. When 

evaluating the influence that STAR Academy had on 

their decision, we observe that 62.1% indicated that 

their experience in STAR was highly influential, 34.5% 

indicated that it was influential, and 3.4% indicated 

neutral influence in their decision towards pursuing or 

not STEM studies. 

Status and Future: On December 1st, the radio 

telescope at The Arecibo Observatory collapsed due to 

failure of two cables on Tower 4 of the structure, also 

damaging the Learning Center at the Science and 

Visitor’s Center in the tragic event. Due to this, the 

program will continue to be offered entirely online in 

the Spring 2021 semester. As our data shows, in-person 

vs. virtual program data has not shown any negative 

impacts on the student’s content development or 

research project quality. In the transition of the 

consecutive semesters, some content has been revised, 

specifically in terms of the activities that the students 

undergo, now focusing more on a constructionist 

approach combined with a constructivist pedagogy. 

Benjamin Bloom’s Taxonomy [2] is still used as 

compass to promote content knowledge and skills 

acquisition by working from the core levels of thinking, 

to higher order thinking skills. Through the three 

semesters, we have observed that our students learned 

the most when creating tangible objects (diagrams, 

programs, hypotheses, conjectures, projects), rather 

than through direct content assimilation from lectures, 

which is the basis of constructionism [3]. It is because 

of this that most content has been adjusted to include 

exploration activities that engage students in the 

creation and play with ideas through a variety of 

mediums and project-based and problem-based 

learning, which has been shown to improve learning that 

accommodates to 21st century expectations [4]. Our next 

targeted goal is to begin providing students with the 

opportunity to present the results of their work in 

international scientific conferences, as this component 

of the program has been delayed due to the Covid-19 

pandemic. As we move forward, we will continue to 

revise and adjust content to the specific needs of the 

population that we serve with the goal of improving the 

effectiveness of the program.  

Conclusion: Students in Puerto Rico have greatly 

benefited from the STAR Academy program, as our 

descriptive statistics show. A total of 80 students have 

successfully completed the program, getting important 

skills that will and have helped them prepare to be part 

of undergraduate STEM programs in top tier 

universities. Being the only extracurricular research 

program in astronomy on Puerto Rico, STAR Academy 

is of utmost importance within our community. In the 

first three semesters of implementation, all groups have 

demonstrated a considerable improvement in scientific 

content knowledge and skills, and as we move forward, 

we expect to continue this trajectory of being part of the 

development of future scientists from Puerto Rico. 
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