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Abstract 

The School of Science and Technology (SST) of the Universidad Ana G. Mendez- 

Carolina Campus implemented a Pre-Freshman Summer Immersion Program known as 

"BootCamp" for minority STEM undergraduate students through the U.S. Department of 

Education. Freshman students tend to enter university without certain skills needed to 

succeed during their first year.  The objective of the program is to reinforce quantitative 

reasoning, critical thinking, and scientific reasoning competencies and help students adapt to 

university life through self-efficacy and coping skills. To accomplish these objectives 

Bootcamp was organized as a two-week intervention, focusing on basic mathematical 

concepts that the students found difficult during their first year of undergraduate studies. 

Also, the program offered critical thinking development with case studies focused on science 

and engineering scenarios. A descriptive-exploratory design involving a sample size of 39 

students from the SST was used. The results are obtained from four standardized tests and 

first-semester math grades. The results show that participants in the BootCamp need to 

reinforce quantitative reasoning skills needed by freshmen students to succeed along the path 

to complete studies that lead them into careers in STEM. 
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Introduction 

Our institution draws its student body from a special population that share similar 

characteristics: 83% are from low income families, 77% are first generation university 

students, 99% are placed in basic math courses and only 66% attend class full-time (Self-

Study Report, 2015). There were three factors identified that influenced retention, 

graduation, and persistence in our student population. The first factor identified was the 

combination of the high cost of tuition and being low-income, which leads students to have 

a full-time job and thus cannot take on full-time student responsibilities. The financial 

challenges encountered by low-income students can negatively impact their graduation 

trajectory. According to Soria et al., 2014, while obtaining a college degree is often viewed 

as a critical component of social mobility, students from lower/working-class backgrounds 

are significantly less likely to attend college, persist, and graduate regardless of their 

academic ability than their peers from higher income families or those who are not the first 

in their families to graduate from college.  

The second factor is the lack of family support due to being first-generation college 

students. Students bring with them fears and misconceptions about college life and academic 

experiences, not having support from those closes can increase these fears and insecurities. 

Family support is a central guiding force that is essential in the development of college 

students. "As high school seniors start applying to college around this time of year, parents 

and people influential in their lives can play an important role in helping children build 
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confidence and life skills. It is important to guide them towards choosing a college that best 

fits their needs first and foremost not only in an academic sense but also relative to emotional 

needs" (Giarnella-Porco, The Harris Poll Hard Data. Human Truths. (n.d.). The last factor 

identified was how well students performed on the Medición y Evaluación para la 

Transformación Académica (META-PR) standardized test taken before entering university. 

Test results indicate that students begin their undergraduate studies with low mathematical 

achievement. Based on this test results, 99% of the entering student in our institution is placed 

in an introductory math course.  

The above-mentioned factors establish that our students come from an economic, 

social and educational disadvantaged population, which affects their academic performance, 

retention, persistence, and graduation. These factors affect STEM student's success in the 

School of Science and Technology (SST) as evidenced by the graduation and retention rate. 

The SST offers three bachelor’s degrees in Biological Sciences (i.e. Biology, Biotechnology, 

and Microbiology) and three associate degrees in Engineering Technology (i.e. Avionics, 

Electronic, and Networking; accredited by ABET).  Recent SST retention rate was 65.5% 

and graduation rate was 15%, the lowest in the institution.  Thus, to improve the academic 

preparedness of our students, institutional efforts heralded by the Office of the Academic 

Vice-Chancellor have been put in place to strengthen general education curriculum and to 

provide our students with an environment that is proactive, supportive, networked and 

regularly assessed for effectiveness. Strategies to incorporate competency-based education 

(CBE) to improve retention, persistence, and graduation in students was implemented. CBE 

will help with the development of Critical thinking, Quantitative reasoning, Scientific 

Reasoning, Research and information literacy, Entrepreneurship and Global Awareness, 
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competencies in students. Competencies development is important for any professional, but 

the ability to interpret correctly the complex numerical relationships represented in tables, 

charts, graphs, blueprints, or diagrams in STEM careers is vital (CCTST Guide, 2016). 

Another important competency for STEM students is critical thinking; early assessment of 

critical thinking maximizes workforce efficiency and increases the potential for learning and 

educational effectiveness at all levels (King et.al. 1990). According to Meyrick (2011), 

developing students’ reasoning skills, critical thinking skills, creativity, and innovation 

through integrated and connected STEM curriculum and pedagogical practices provide 

equity among learners from diverse backgrounds.  

As part of this institutional initiative SST implemented for the first time a Pre-

freshman Summer Immersion Program called BootCamp through the U.S. Department of 

Education's HSI-STEM Articulation Program. BootCamp consists of activities that involve 

the development of critical thinking, scientific and quantitative reasoning competencies, self-

efficacy and coping skills in STEM students. The program was organized as a two-week 

intervention, focusing on basic mathematical concepts that the students found difficult during 

their first year of undergraduate studies. Goonatilake & Chappa in 2010 demonstrated that 

math interventions occurring before students entering first-year results in a substantial 

improvement in areas of greatest weakness. It is also documented that participating in 

summer programs after high school has an important effect on students transitioning to 

college life that produces positive impacts on their academic performance as well as 

persistence rates (Castleman, Page & Schooley, 2014). 
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Evaluation of the competency level that entering freshman students have at the 

moment of starting classes was done using the formative and summative assessment 

methods. The Summative Assessment was represented by four standardized tests taken by 

the participants: Lawson's Scientific Reasoning, California Critical Thinking Skills Test-

Numeracy (CCTST-N), General Self-Efficacy (GSE), and Coping Skills Inventory (CSI). A 

mathematical test designed by the SST math faculty was also administered to measure the 

concepts that the students knew beforehand.  The Formative Assessment is measured using 

the electronic test taken on the EducoSoft platform to develop basic mathematical concepts. 

Also, Biology, Biotechnology, Microbiology, and Engineering case studies were 

incorporated to demonstrate to students the important role that math plays in all areas of 

STEM programs offered by SST.   For the purpose of this article GSE and Coping skills 

(CSI) results will not be discussed.    

 

Methods 

Design  

A descriptive-exploratory scope study was carried out to identify how academic problems 

manifest in a real educational environment. Descriptive studies seek to define the profiles of 

the subject under investigation.  Meaning, they only intend to measure or collect information 

(Hernández, et al, 201, Ary, 2010, Creswell, 2012). While, exploratory studies serve to 

clarify, establish priorities, and obtain information regarding the determination of carrying 

out complete investigations. The use of this methodology was to determine the academic 

level in which the entering STEM students arrived with as well as analyze their critical 

thinking, quantitative and scientific reasoning skills. A group of freshman STEM 
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undergraduates chosen were subjected to a battery of standardized tests. The immersion 

program was developed as a two weeks program with contextual activities that were 

developed based on the academic programs offered by the University. This immersion 

process was complemented with various assessment techniques and worked on the 

EducoSoft platform. 

 

Sample 

 Forty (40) freshman students, all formally enrolled in the SST programs, were 

selected from a sample of 120 students. Selection criteria were: be between the ages of 17-

30, and come from low-income families. In 2016 the U.S. Census Bureau determined that 

low-income families in Puerto Rico are classified as earning a median household income of 

$19,000 or less per year. As established under the University’s Institutional Review Board 

(IRB), all participants completed a participation consent form. Thirty-nine (39) students were 

retained by the end of the first year. Demonstrated in table 1 are the demographic information 

and academic majors of participating students. 

 

Table 1: Demographic information of participants  

Gender Age / Amount Majors Preceding High Schools 

Female 21 17   (15/39) Biology 15 Public 30 

Male 18 18   (21/39) Microbiology 3  Private 9 

  19   (1/39) Biotechnology 3   

  20   (1/39) Aviation 8   
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  30   (1/39) Electronic 

Engineering 

5   

    Pilot 3   

    Networking 2   

 

The Instruments 

Lawson’s Scientific Reasoning Test. This is an open-source test sponsored by PhysPort 

(http://www.physport.org), consisting of 24 multiple-choice items to be completed in 30 

minutes. The test covers the following topics: proportional thinking, advanced proportional 

thinking, variable identification, control of variables, probabilistic thinking, advanced 

probabilistic thinking, correlational thinking, hypothetic-deductive thinking, hypothetic-

deductive reasoning, conservation of weight and displaced volume. The objective is to 

determine the student’s capacity for scientific reasoning by measuring concrete and formal 

operational reasoning in scenarios where full comprehension of context is not required. As 

described by Lawson students scoring below 25% were classified as concrete operational 

reasoners, students scoring between 25% and 58% are classified as transitional reasoning, 

and students scoring above 58% were classified as formal operational reasoning. The test 

was administered in Spanish to the BootCamp freshman students.  

California Critical Thinking Skills Test-Numeracy (CCTST-N).  This test measures 

quantitative reasoning skills as well as high-risked critical thinking and decision-making 

ability. CCSST-N is used worldwide in interdisciplinary programs as a method for 

characterizing Critical Thinking terminology.  This method has proven to work in evaluating 

a candidate’s validity and reliability. To be better understood by participants, the test was 

adapted using a cross-cultural method by the project personnel and was revised and 

authorized by Insight Assessment classifying the Program as an International Translation 
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Partner. This instrument possesses a cultural fit, which will be used in other Spanish speaking 

countries. Table 2 shows the recommended performance assessments for the CCTST Overall 

Score 

Table 2: Recommended Performance Assessments for the CCTST test. 

 

 

 

 

 

 

 

 

EducoSoft Platform is a learning management system used as an instructional tool where 

interactive digital content and textbooks can be presented. The platform explains step-by-

step mathematic equation solutions, offers tutorials and allows for homework assignments 

and exams to be completed at home. For this research, we limited the topics to the following: 

whole numbers, linear equations, operations, fractions, word problems, properties of 

exponents, ratios, proportions, and percentages.    

Math Diagnostic Test.  Developed by the Mathematics Department consists of 25 multiple-

choice questions and focuses on operations with fractions and related topics, verbal problems, 

exponents, linear equations with one variable, ratio, percent, and proportions.  

 



HETS Online Journal, Volume 10(1), Fall 2019 

 

 

 98 

Human Subject Research Approval 

This project is classified as exempt from the UAGM-CC's IRB review (project ID 02-

313-17). 

 

Procedure, Schedule, and Duration 

The Pre-Freshman Immersion Program consisted of a two-week intensive training, 

which prioritized development of quantitative and scientific competences as well as critical 

thinking. The training was scheduled from 8:30 a.m. to 4:00 p.m. with 15-minute breaks and 

lunch in between.  

Table 3: Workshop topics offered 

 

 

Results and Discussion.  It is important to note that the data collected represent the Pre-test 

preliminary results gathered during the two weeks of the Pre-Freshman Immersion Program 

and basic descriptive statistics were done using the R program. The results of the pre-test 

were used to establish a baseline for subsequent evaluations. For this purpose, a post-test will 

Mathematics Experience

•Fractions I

•Fractions II 

•Whole numbers and 
operations

•Exponent properties

•Ratio, proportions and 
percentage

•Linear equation with one 
variable

•Solving of verbal problems

Mathematics in Context of: 

•Engineering I

•Engineering II

•Biotechnology I

•Biotechnology II

•Biology I 

•Biology II

•Microbiology I

•Microbiology II

Case Studies 

•Waste management in 
Puerto Rico 

•Human Papilloma vaccine 

•Critical Thinking in 
Engineering
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be administered at the end of the first academic year to the students that participated. This is 

done to monitor student performance after the intervention using different strategies. 

Lawson’s Scientific Reasoning Test pre-test results are presented in graph 1. The 

average score from the students that participated in the Pre-Freshman Immersion Program 

was 29.1%.  

 Reasoning patterns from the test were between 5% and 65% in the components detailed 

above. It is important to note that all components were below 50% except for the Weight 

Conversion component. Results reflected that our students are classified as transitional 

reasoning. This result is not in accordance with the theory of child cognitive development 

which states that children aged 11 years and over have formal operational reasoning ability 

characterized by having the ability to identify and control of variables, probabilistic thinking 

ability, thinking correctional ability and hypothetical-deductive reasoning (Lawson,2009). 

Graph 1:  Lawson’s Scientific Reasoning Test pre-test results  

 

 

 

 

 

 

 

Table 4 presents the eight subtests covered in the CCTST-N test and their results. 

These take into consideration the Recommended Performance Assessment (table 2) varying 

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Weight Conversion

Proportional Thinking

Identification and Control of Variables

Probabilistic Thinking

Correlational Thinking

Hypothetical Deductive Reasoning

Reasoning patterns

Reasoning Patterns - Pre Test Results
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from not manifested [50-62], weak [63-69], moderate [70-78], strong [79-85], and upper 

level [86-100]. The students ranked highest in the “weak” category, meaning the participants 

obtained less than 63%.  The results were between an average of 62.46 and 67.85. CCTST-

N test starts at a score of 50, thus BootCamp student's baseline indicates low academic 

achievement. Out of eight subtests, seven were found to be in the Weak category, while the 

numeracy category demonstrated Not Manifested. It is important to note that subtest content 

is directly related to mathematical procedures.  

Table 4: Descriptive Data of the CCTST-N subtests  

CCTST-N (100 points) Baseline CCTST-N Scale 

Sub-test Average Results 

Analysis 65.77 Weak 

Interpretation 65.36 Weak 

Inference 65.38 Weak 

Evaluation 64.95 Weak 

Explanation 63.46 Weak 

Induction 67.85 Weak 

Deduction 63.92 Weak 

Numeracy 62.46 Not manifested 

 

The purpose of the Mathematical Diagnostic Test was to establish BootCamp 

student's mathematical baseline. The average of correct answers from the 39 students was 

calculated to be 13.2.  The average obtained from the test was 53%, indicating that the 

execution of the students was below the 70% minimum execution percentage stipulated by 

the mathematical faculty.  Formative evaluation was performed using EducoSoft platform 

while the program activities are forming. The platform is programmed to increment in 

difficulty as students answer correctly the items which help monitor student performance 
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regarding mathematical concepts as they were being exposed to the topics during the 

Bootcamp. Table 5 shows that the average execution of the students in mathematical topics 

covered by the EducoSoft platform was 51.82%.  

 

Table 5: EducoSoft Results 

Topics EducoSoft 

Operations with fractions and related topics 48.20% 

Ratio, Percent and Proportion 44.62% 

Verbal Problems 56.00% 

Exponents 47.74% 

Linear Equations with one variable 62.56% 

Average 51.82% 

 

Finally, graph 2 depicts the grades obtained by the BootCamp students in MAGS101 

(Basic Mathematics).  As a result, 83% of BootCamp students approved the MAGS101 

course with a final grade of C or higher versus non-BootCamp participating students whose 

course approval was 77%. This suggests that partaking in the BootCamp basic mathematic 

course is beneficial for students entering MAGS101. Total students in graph 2 are 36 because 

3 students were placed into MAGS110 (fundamentals of Algebra) based on College Board 

exam scores.  
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Graph 2: Grades MAGS101 (BootCamp Participants) 

 

 

 

 

 

 

 

Conclusion  

The objective of the Pre-Freshman Immersion BootCamp Program is to reinforce 

quantitative reasoning, scientific reasoning, and critical thinking competencies. Furthermore, 

the implementation goal is to provide students enrolled in STEM programs with the tools 

they lack to help them complete their university degree. The Pre-Freshman Immersion 

program fostered the development of a learning community since it is implemented in a real-

time academic environment setting. Each part of the project addressed the development of 

the following skills: critical thinking, scientific and quantitative reasoning, information 

management and the use of technology.  

 Formative and Summative Assessments were administered, indicating low 

performance in critical thinking, scientific and quantitative reasoning. 83% of the students 

performed satisfactorily during their first semester mathematical introductory course, which 

suggests that the mathematical introductory course topics (fractions, exponents, word 

problems, whole number operations, single variable linear equations, ratios, percentages, and 

proportions) aligned with the BootCamp may have contributed in helping students perform 
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better in their introductory course.  Our recommendation is to continue focusing on activities 

aimed at improving student problem-solving skills and interpersonal relations.  

Considering the results obtained, the following five recommendations are giving. The 

first being to assign more time to mathematics workshops. The second is to adjust existing 

teaching strategies and design new ones aimed at strengthening scientific reasoning and 

mathematic skills. While the third is to promote a dialogue with the faculty and staff to 

establish which strategies offered can be modified for the next Pre-Freshman Immersion 

Program. While the fourth recommendation is to review the curriculum to address the 

Quantitative Reasoning & Technology through workshops, and lastly to integrate activities 

overhaul for first-year courses in the Biology and Engineering Department.  

This program is the initial encounter with university life where students can start their 

university career on the right foot. The entering freshman students come with deficiencies in 

mathematical, critical thinking, scientific reasoning, and quantitative reasoning competences. 

To help with these deficiencies the BootCamp included academic interventions such as bi-

weekly workshops, integration of teaching strategies in the classroom like POGIL, PLTL, 

Peer Mentor/Tutor services, Faculty Advisors, and Science Specialists to help during the 

different implementation stages. These interventions are to better develop and prepare 

underrepresented low-income students to succeed in STEM careers. 
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