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Abstract 

This paper gives an overview of the lessons learned in the first year of implementing the pre-

engineering component of the Pitt Engineering Career Access Program (PECAP). PECAP 

introduces a college curriculum to pre-11
th
 and pre-12

th
 grade high school students through 

Critical and Analytical Reasoning Enrichment (CARE) activities. Project CARE employs 

informal technology and standard-based activities to enrich cognitive, critical and analytical 

reasoning skills through a series of structured summer instructional classes, hands-on 

engineering and science projects, and academic year tutoring and advising sessions. Through the 

CARE activities, PECAP provides academic enhancement in critical areas for high performance 

in engineering education in which 9-12
th
 grade math, science and technology curricula are 

lacking. The first year results demonstrated that the CARE activities had a high value to the 

participants. The technology-based collaborative learning strategies aided the understanding of 

science and math of 58% of the participants and reinforced the problem-solving skills of a large 

majority (89%) of those enrolled. The enrichment of critical thinking by the Project CARE 

program helped 80% of the participants learn and understand math and science tasks.  

 

Overall, Project CARE contributed to the educational growth of 96% of the participants, with 

Logic/Problem-Solving skills receiving the highest marks as the program component that 

contributed the most to educational growth. Project CARE was most effective in providing a 

pathway for educational growth, strengthening study skills, building success in science and math, 

enhancing the ability to manage time and organize work, preparing for the next step in science, 
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engineering and mathematics education, and exposing students to knowledgeable and respectful 

instructors. Pre-and post achievement tests show that CARE students who achieved lowest in the 

pre-test showed the highest improvement (48%) in the post-test. This compared to an 11% 

difference in improvement for those that scored highest in the pre-test. This was particularly true 

in quantitative tests versus science literacy tests. 

 

1. Introduction  

 

There continues to be an  “achievement gap” between white students and historically  under-

represented minority students. Although African Americans students, for example, made some 

gains to narrow the gap between 1970 and the 1990s, such gains have been halted by complex 

factors, including poor teacher quality, inadequate school resources, test bias and poverty 
1-3
. 

Studies sponsored by the National Science Foundation also show that although the preparation 

for college is improving for African American students, the percent of high school graduates 

who enroll in college has not increased due to deficiencies in quantitative literacy in K-12 

curricula and the lack of activities that relate science, mathematics, engineering and technology 

(SMET) to real world experience
4
. The American Association for the Advancement of Science 

Project 2061 has noted that merely "covering" the topic or teaching unit is not sufficient to assure 

that the material will actually help students learn important ideas within those topics
5
.  One 

approach known to nationally improve science literacy is to use hands-on science projects which 

allow students to make connections between abstract science and real-life situations and to use 

science to make decisions following defined standards. There is a need within the curriculum for 

a focus on how to effectively deliver the fundamental idea of the material to help the students 

learn and retain the core concept. The International Technology Education Association
6
 and 

National Research Council
7
 recommend following a technology content standard with well-

defined guiding principles. The National Council of Teachers of Mathematics (NCTM)
8
, has 

found that the K-12 curriculum is not giving all students solid preparation for work and the 

conceptual basis for further development. Based on these findings, NCTM
8
 recommends in its 

new Curriculum Reform Tool that the standard for teaching mathematics in the nation's K-12 

schools should include activities for learning mathematics by actively building new knowledge 

from experience and prior knowledge. 
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 The ability of students to extend learned mathematical and scientific concepts to other 

frontiers can be closely correlated to academic success in science and engineering. Hence, to 

ensure academic success in engineering, most engineering freshmen students at top national 

universities rank in the top 1-10% of their graduating high school class and/or have SAT scores 

above 1285. However, a standardized test such as SAT or ACT is not usually a true predictor of 

success for African and Hispanic American students, and without an adequate academic support 

environment, even a high SAT score does not guarantee academic success in science and 

engineering. As a national trend, bridge programs are often used to enhance the academic 

preparation of students falling below this standard. Unfortunately, some of these programs have 

proven to be insufficient in closing the achievement gap caused by the weak high school math 

and science backgrounds and the lack of critical and analytical thinking skills.  

 

 PECAP’s core value for design of activities that address these problems stems from the 

belief that remediation to better prepare students for science and engineering should begin earlier 

(in the middle and high school grades), and support (nurturing, mentoring, counseling, team 

building, tutoring, etc) must continue through college until these students graduate. The purpose 

of this paper is to give an overview of the lessons learned in the first year of PECAP-CARE 

(Critical and Analytical Reasoning Enrichment) activities here referred to as Project CARE.  

Project CARE implements a new approach that identifies specific needs or areas in which 9-12
th
 

grade math, science and technology curricula are lacking. This approach includes designing a 

program strategy to address these problems by employing informal technology content and a 

standard-based curriculum that is focused on cognitive, critical and analytical reasoning skills 

that are implemented through a series of structured summer instructional programs, research 

project internships and hands-on engineering and science activities.  

 

The primary mission of Project CARE is to create a systemic change in the pipeline for 

increased access to engineering careers for under-represented students by helping them with 

early skills development that will positively increase their academic achievement, measured by 

math and science test scores, GPA, class ranking, and SAT.  Project CARE targets pre-11
th
 grade 

(CARE I) and pre-12
th
 grade (CARE II) students with a “B” average or better who are highly 
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motivated for SMET education or may be academically disadvantaged with “excellent” grades in 

weak K-12 science and math curricula. Project CARE serves as a catalyst for higher performance 

expectations and curriculum reform to ensure that the students are academically prepared to enter 

a quality engineering program when they graduate from high school.   

 

The goal of CARE I is to enhance academic preparation in college algebra, engineering 

learning tools, and technical writing of pre-11
th 
grade high school students. For this pilot year, 

twenty (20) pre-11
th
 grade students were selected from the Pittsburgh area public schools. The 

objectives are for more than 50% of the participants to advance in mathematics, general 

quantitative literacy, basic writing and technical communication skills, as well as to increase 

early awareness of and interest in SMET education. The goal of CARE II is to integrate problem 

solving and critical thinking skills acquired in CARE I into college level pre-calculus/calculus 

and science courses as a foundation for an engineering education. The target group is fifteen  

(15) pre-12
th
 grade students with backgrounds similar to those of CARE I students. However, 

because an overwhelming number of applicants had only a general interest in SMET and not 

particularly in engineering, 25% of this year’s CARE cohort constitutes a subgroup with a weak 

interest or no interest in engineering. A primary assumption of such inclusion is that a 

measurable number of this subgroup will show motivation for engineering career as a result of 

Project CARE activities. 

 

2. Project CARE Design and Activities 

 

The first year of Project CARE adopted the ITEA Standard for Mathematics and Technology 

Literacy; namely, students in 9-12
th
 grade levels will develop an understanding of core concepts 

of technology
6
. The standard for quantitative (mathematical) literacy provides a common set of 

expectations for what students should learn and the basis for developing meaningful, relevant 

and articulated curricula with links to 9-12
th
 grade curricula and engineering fields of study.   

Similarly, the learning objectives in chemistry incorporate ITEA standards and require students 

to learn that systems, which are the building blocks of technology, are embedded within a larger 

technological framework, and function together to solve complex real-life problems with 

appropriate compromises. In communicating with high school math and science teachers and P
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school of engineering faculty that teach freshman and sophomore courses, it was determined that 

the majority of the freshman students experience the greatest difficulty in understanding 

trigonometry functions. In meeting mathematical and technology standards, Project CARE 

designed selected courses to provide a common set of expectations for what 9-12
th
 grade students 

should learn and connect those expectations with an engineering field of study.  Project CARE 

math and technology learning objectives to reach this milestone are as follows: 

 

Math Learning Objectives/Skills set for CARE    
 

� Define the six trigonometric functions using the lengths of the sides of a 

right triangle, and solve problems involving the periodic properties of 

trigonometric functions of a real variable. 

� Generate graphs of trigonometric functions and their inverses, and 

explore transformations of these graphs, including applications to solving 

real world problems. 

� Learn and apply fundamental identities and formulas of trigonometry and 

of angles and use them to simplify expressions or solve equations. 

� Understand and apply the properties of vectors to solve a variety of 

problems. 

� Define parametric equations, graph parametrically, and solve application 

problems using parametric equations. 

� Be able to convert points and equations from polar to rectangular 

coordinates, and vice versa. 

� Represent complex numbers in trigonometric form and perform operations on 

them. 

� Solve systems of equations and inequalities algebraically, graphically, 

and using matrix operations, where appropriate. 

� Understand basic concepts of derivatives and integrals, as well as 

calculate simple cases of each. 

 

The following Project CARE courses were designed according to these standards: 

P
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Project CARE courses to meet quantitative/Math literacy standard 

 

1. Foundational Mathematics I / Algebra I and II Problem Solving – This course is a 

college level math course designed to help students solidify their basic mathematics skills and 

give them opportunities to develop the problem solving skills necessary to succeed in an 

engineering major. Problem Solving / Logic using algebraic formulations, inequalities, functions 

and graphs, word problems, puzzles and other informal hands-on-mathematics tools (such as a 

graphic calculator) are introduced to increase critical thinking skills and develop reasoning and 

logic in the problem solving skills necessary to succeed in engineering. The course is open to 

CARE I students and taught in a combination of lecture and technology-based cooperative 

learning in an interactive learning environment with emphasis on the relationship between the 

engineering and mathematics.  

2. Foundational Mathematics II (Pre-Calculus and Problem Solving) - Designed as an 

introduction to pre-calculus, this is a continuation of Foundational Mathematics I covering 

functions and graphs, trigonometry, identities/equations and analytical geometry and their 

integration into Calculus and engineering. The course emphasizes problem solving/ Logic using 

functions and graphs, word problems, puzzles and other non-traditional tools to increase critical 

thinking skills and develop reasoning and logic in the problem solving skills necessary to 

succeed with a major in engineering. 

3.   Basic writing/Reading I – The course is designed to enhance students’ technical writing and 

engineering communication skills and to give them an opportunity to explore different writing 

techniques. Library reading is integrated with writing activities that promote competency in 

information gathering and organization skills, as well as critical thinking skills. 

 

Chemistry/Science Literacy Standards/Skills set 

 

� Problem solving: Must be able to read and understand what a question or system is 

asking and learn how to apply their knowledge to understanding the functioning of a 

system and solve the problems connected to  the working of the system. 
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� Algebraic manipulation: Must be able to use algebraic manipulations to solve math 

problems and show relationships between the variables in a system. 

� Critical thinking inquiry: Must learn and be able to ask why and explain conceptually 

what is happening or the behavior of a system rather than only solve mathematically. 

� Application: Must be able to discuss with other students a concept or application of  

chemistry in explaining the building blocks of technology and how these blocks are 

embedded within larger technological, social and environmental systems. 

� Inter-dependence of system components: Must learn that the stability of the 

technological system is influenced by all of the components in the system and recognize 

the many different ways chemistry effects life. 

. 

Project CARE courses to meet science literacy standard 

 

1.        Introduction to Engineering Science I – Chemistry. This course is designed as an 

introduction to chemistry and its integration to engineering with an emphasis on problem solving 

and critical thinking skills.  This course introduces measurements and classification of matter; 

atoms, molecules and ions as the building blocks of technology; equations and moles concepts; 

chemical reactions, and basic stoichiometry. 

2. Engineering Tools I – The strategy here is to use hands-on-engineering and scientific 

methods in a cooperative learning environment to interactively expose students to various math 

and science areas and their relations to engineering. Students were introduced to application of 

SOLIDWORKS to engineering design and problem solving. The activities guided the students to 

discover the basic design, analytical, graphical, problem solving, teamwork and communication 

skills used by all engineers, including the use of the computers as an engineering problem 

solving tool. 

3. Engineering Tools II (Continuation of Engineering Tools I)–This course employs hands-

on-engineering with computers (with SOLIDWORKS and ANSYS design software) and graphic 

calculators, as wells as research-to-learn activities which explore  various math and science areas 

and their relationship to engineering.  

4. Engineering Design/Research Projects- This course has been designed to include 

integration with other course such as Mathematics, Research methods, Chemistry and Physics to P
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expand students’ understanding of the process of solving real-world problems. The technical 

writing/research projects are designed to introduce students to research steps involved in writing 

a technical report, procedures in formatting and preparing a written technical report, and the 

procedures in creating and presenting an oral technical report.  

 

 

3.  Project Results and Performance Evaluation 

 

This paper presents the results of two survey instruments administered by an external 

evaluator on the final day of class to assess the effectiveness of the program. 

One PECAP survey instrument was designed to elicit student reactions to the program as a 

whole.  It posed the same set of questions to participants of all programs.  While the survey items 

asked about certain specific program details such as tests, learning strategies and instructional 

techniques, it was also designed to uncover information about more intangible elements such as 

motivation, educational growth, and overcoming obstacles. The program summary instrument 

asked more detailed questions about each of the program components.  The survey items 

encouraged students to evaluate such aspects as instructors, class materials, length of the class 

day, and pace of instruction.   Open-ended items were included to give students the opportunity 

to explain answers, suggest improvements, and indicate what aspects of the program were 

helpful or not helpful. The results are summarized as follows: 

 

1.  Effect of Hands-on-Science activity: While the majority of participants (82%) felt that hands-

on experiences helped their understanding of lecture material, there were few  (15%) that 

indicated ‘not sure’ as their response. 

 

Table 1-Q3.  Hands-on experience helped my understanding of lecture material. 

 

 

Pre-11
th
 

(CARE I) 

Pre-12
th
 

(CARE II) 

CARE 

TOTAL 

N= 18 14 32 

Strongly Agree 28% 43% 35% 

Agree 44% 50% 47% P
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Not Sure 22% 7% 15% 

Disagree - - - 

Strongly 

Disagree 6% - 3% 

TOTAL 100% 100% 100% 

 

2. Technology based collaborative learning strategies: Most (78%) said that technology based 

collaborative learning strategies aided their understanding of science and math. Questions 9 and 

10 referred to specific aspects of the program: use of a graphical calculator and participation in 

design projects. Graphic calculators aided better understanding and learning of the concepts for  

(82%), and design projects helped 67% of CARE students explore their potentials  (with 61% 

and 71% for CARE I and CARE II , respectively). 

 

Table 2-Q9. Using a graphical calculator has helped my understanding of lecture materials. 

 

 

Pre-11
th
 

(CARE I) 

Pre-12
th
 

(CARE II) 

CARE 

TOTAL 

N= 18 14 32 

Strongly Agree 61% 29% 47% 

Agree 28% 43% 35% 

Not Sure - 14% 6% 

Disagree 11% 14% 12% 

Strongly 

Disagree - - - 

No Answer - -  

TOTAL 100% 100% 100% 

    

Table 3-Q4.  The collaborative learning strategies helped me understand science and math 

better. 

 

 

Pre-11
th
 

(CARE I) 

Pre-12
th
 

(CARE II) 

CARE 

TOTAL  

N= 18 14 32 

Strongly Agree 28% 14% 34% 

Agree 22% 71% 44% 

Not Sure 50% 14% 22% 

Disagree - -  
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Strongly 

Disagree - -  

TOTAL 100% 100% 100% 

 

Table 4-Q10.  Design projects helped me gain a good experience in research methods. 

 

 

Pre-11
th
 

(CARE I) 

Pre-12
th
 

(CARE II) 

CARE 

TOTAL  

N= 18 14 32 

Strongly Agree 11% 14% 12% 

Agree 50% 57% 53% 

Not Sure 33% 14% 25% 

Disagree 6% 14% 10% 

Strongly 

Disagree - - - 

No Answer - - - 

TOTAL 100% 100% 100% 

 

3. Problem solving skills. In a related question, a large majority (90%) said that the program did 

reinforce their problem-solving skills. 

Table 5-Q6.  Participating in the program has reinforced my problem-solving skills in math 

and science. 

 

 

Pre-11
th
 

(CARE I) 

Pre-12
th
 

(CARE II) 

CARE 

TOTAL  

N= 18 14 32 

Strongly Agree 39% 29% 34% 

Agree 50% 64% 56% 

Not Sure 11% 7% 9% 

Disagree - - - 

Strongly 

Disagree - - - 

TOTAL 100% 100% 100% 

  

 

4. Critical thinking skills: Table 6 shows that enriching critical and analytical thinking skills 

helped most (80%) of the CARE students understand and complete their math and science tasks. 

P
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Table 6-Q8. By enhancing my critical thinking, the PECAP program has helped my math 

and science problem solving ability. 

 

 

Pre-11
th
 

(CARE I) 

Pre-12
th
 

(CARE II) 

CARE 

TOTAL  

N= 18 14 32 

Strongly Agree 22% 21% 22% 

Agree 50% 64% 56% 

Not Sure 22% 14% 19% 

Disagree 6% - 3% 

Strongly 

Disagree - - - 

TOTAL 100% 100% 100% 

 

5. Impact on educational growth. Overall, a strong majority (94%) said that the program 

contributed to their educational growth (Table 7) with a large majority (88%) of the respondents 

agreeing that they were challenged by examinations and assignments (Table 8). 

Table 7-Q11.  Participation in the program has contributed to my educational growth. 

 

 

Pre-11
th
 

(CARE I) 

Pre-12
th
 

(CARE II) 

CARE 

TOTAL  

N= 18 14 45 

Strongly Agree 39% 71% 53% 

Agree 50% 29% 41% 

Not Sure 6% - 3% 

Disagree - - - 

Strongly 

Disagree 6% - 3% 

TOTAL 100% 100% 100% 

 

Table 8-Q12.  Tests, examinations, and other assignments exposed me to challenging 

applications or extensions of the course content. 

 

 

Pre-11
th
 

(CARE I) 

Pre-12
th
 

(CARE II) 

CARE 

TOTAL  

N= 18 14 32 

Strongly Agree 28% 36% 32% 

Agree 50% 64% 56% 

Not Sure 16% - 9% 

P
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Disagree 6% - 3% 

Strongly 

Disagree - - - 

TOTAL 100% 100% 100% 

 

Questions 13 and 14 addressed the issue of initial difficulties experienced by students entering 

the PECAP program.  Most (80%) said that they had at least ‘a few’ problems, and this 

proportion was nearly equal across all programs.  

  

Table 9-Q13.  When you first started the PECAP program, did you encounter any initial 

difficulties? 

 

 

Pre-11
th
 

(CARE I) 

Pre-12
th
 

(CARE II) 

CARE 

TOTAL  

N= 18 14 32 

Yes, a lot 28% 14% 18% 

Yes, some 22% 36% 31% 

Yes, just a few 28% 36% 31% 

No, not at all 22% 14% 19% 

TOTAL 100% 100% 100% 

 

The 36 respondents who answered ‘yes’ to Question 13 were asked whether the PECAP program 

helped them overcome these initial problems.  Most (64%) said ‘yes’, including majorities in 

each of the programs. The results show that CARE I and CARE II students experienced initial 

difficulties in two areas:  understanding the material (12 responses) and developing skills (7 

responses).  Of the 12 who experienced understanding problems, 8 (67%) found help but 4 (33% 

in the CARE I) did not.  The 7 who needed help with skills were able to find the help they 

needed. In contrast to CARE I, the CARE II students (7) were able to learn to overcome 

‘organization’ problems.  These were related to managing the logistics of the program:  

managing time, learning to ride the bus and developing more structure.  

 

Table 10- Q14.  If you answered yes above:  Has any part of the PECAP program helped 

you to overcome your initial difficulties? 

 

 

 
Pre-11

th
 Pre-12

th
 CARE 

TOTAL  

P
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(CARE I) (CARE II) 

N= 18 14 32 

Yes 56% 79% 66% 

No 28% 7% 18% 

No answer 17% 14% 16% 

TOTAL 100% 100% 100% 

 

Respondents were asked a follow-up question: those who answered ‘yes’ to Question 14 

were asked how the program was helpful, while those who answered ‘no’ were asked why the 

program was not helpful.  The responses to these questions are grouped by theme and program 

and displayed in Table 11. 

 

Table 11. Summary of follow-up to how and what the program helped 
 
Yes, program has helped: 

 

Theme Group 
Number of 
Comments 

Comment 

CARE I 
 

5 Things that I found to be difficult were explained.  By pushing me 
to understand concepts at a faster pace.  It helped me understand 
math concepts better.  The program gave me an idea of pre-
calculus.  I’ve started to understand more math situations that 
weren’t understood before. 

Understanding 
 

CARE II 
 

3 Understanding lectures.  I’ve learned to ask the questions I need 
answered. There were thorough explanations. 

CARE I 1 Life is difficult; classes in college are going to be rigorous so I’m 
better off dealing with it now. 

Organization 
 

CARE II 
 

3 Learning to manage my time helped. It taught me how important it 
is to manage my time and study to get ahead and actually learn 
the material. I never rode the bus before and was never active in 
either an urban or college setting. 

CARE I 
 

3 It helped me review problems in math that I didn't know how to do. 
It helped me build better skills in math. The math program was a 
little hard but the class helped me out quite a bit. 

Skills 
 

CARE II 
 

4 Study skills class improved my habits.  Study Skills has helped 
me to overcome the stress of studying.  It helped me mostly on 
my skills in math. By helping me in improving my study skills. 

CARE I 1 By having the tutor or other students explain the work to me. Tutors and 
Support 
 

CARE II 1 By finding ways of tutoring. 

 
No, did not help 

 

Theme Group 
Number of 
Comments 

Comment 

Assignments 
 

CARE I 1 Because they still gave us more work. 

P
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Theme Group 
Number of 
Comments 

Comment 

Not enough information or help with the topic. 

It just reviewed what I had already known and nothing 
helped me except SAT Prep & Problem Solving 

Because I still do not understand what I am doing. 

Understanding 
 

CARE I 
 

4 

I don't really understand greatly, I need more detail. 

 
 

6. Interest and Motivation for engineering career.  

 

Table 12-Q7.  PECAP helped me reinforce my decision for a career in engineering. 

 

 

Pre-11
th
 

(CARE I) 

Pre-12
th
 

(CARE II) 

CARE 

TOTAL 

N= 18 14 32 

Strongly Agree 6% 21% 13% 

Agree 39% 14% 28% 

Not Sure 22% 50% 34% 

Disagree 22% 14% 19% 

Strongly 

Disagree 

11% - 6% 

TOTAL 100% 100% 100% 

 
 

Table 13-Q15.  Has your summer project or program participation increased your 

motivation for engineering? 

 

 CARE I CARE II 

CARE 

TOTAL 

N= 18 14 32 

Yes 44% 29% 38% 

No 56% 57% 56% 

No answer - 14% 6% 

TOTAL 100% 100% 100% 

 

Motivation for engineering was the subject of questions 7 and 15.  There were mixed responses 

to Question 7, which asked whether the PECAP program reinforced their desire to become 

engineers.  This item is related to Question 15. The results of this question revealed that most 

participants in the CARE I and CARE II programs were not further motivated for engineering by 

P
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their summer program participation. The presence of the subgroup that did not have initial 

interest in engineering affected the overall responses.  The table below shows that the effect of 

the 8 (25%) non-engineers’ responses was mostly positive. The group saw the program as 

increasing their educational growth but remained less motivated for or interested in engineering. 

In the selected questions shown below, those who had no interest in engineering responded more 

positively than the others to nearly all questions, except 7 and 15, which directly addressed 

motivation for engineering. The open-ended follow-up responses shed some light on this finding.  

In the displays below, these responses are grouped by comment theme and by program, starting 

with the affirmative responses and followed by the negative responses.  

 

‘Yes’ responses were categorized into three groups: 

• Getting there (9 responses, 6 from CARE I) – this group of respondents expressed some 

awareness and interest in the field, and given continued exposure, are most likely to consider 

engineering as a career. 

• Prepared – these four respondents felt that the program provided a good preparation for 

entering the field. 

• This is for me (4 responses, 1 CARE II) – these are the participants who have made up their 

minds that engineering is what they want. 

The ‘no’ responses fell mostly into two categories:   

• Not feeling it- In the CARE I program, 9 of the 18 participants felt that they did not fully 

experience what engineering is all about, or felt a bit intimidated by the science and math 

involved.  These were categorized as ‘not feeling it’. These are students who are still open to 

engineering but are still looking for the right catalyst. 

• Not for me-In the CARE II program, 8 of the 14 participants indicated that they were not 

interested in engineering or were interested in other pursuits.  Their responses were 

categorized as ‘not for me’. This group is less likely to choose engineering as a career. 

 

Table 14. Motivation for engineering  

 

Yes, it motivated me 

 

Theme Group 

Number 

of 

Comment

s 

Comment 

P
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Theme Group 

Number 

of 

Comment

s 

Comment 

CARE I 
 

6 It got me more interested and more aware about engineering. 
It showed me some programs engineers used. Makes engineering even 

more interesting.  But only in certain fields.  Sort of, I see how the career 

I want can be linked to engineering.  It showed me how to combine my 

interest in math & science to explore Bioengineering. It helped me 

increase my interest in considering a career in the technical field. 

Getting 

there 
 

CARE II 
 

2 It involved a lot of skills that engineers may use in everyday life. 
I have been able to see practical uses for math and science. 

CARE I 2 They showed what it really takes to be an engineer. 

 I learned what it takes to be an engineer. It's hard but it's worth it. 
Prepared 
 

CARE II 1 I've been more exposed to engineering aspects. 

This is for 

me 
 

CARE II 1 Before I started the program, I was positive I wanted to be a doctor. Now 

I think I would like to be a biomedical engineer. 

 

No, it did not motivate me 

 

Theme Group 
Number of 

Comments 
Comment 

CARE I 
 

8 Because I have learned nothing new.  Because if engineering is all 

about science & math yet my skills are not up to the level they should 

be, having a career in engineering scares me.  We did not do much with 

engineering.  I don't feel I know enough about the field and what 

options it has.  It didn't spend enough time talking about engineering.  

The field trips we have went on have shown me how boring being an 

engineer can be.  We were mainly doing math problem solving 

communication skills, we did not have many chance to truly experience 

engineering (probably there should be a computer course).  It involves a 

lot of math. 

Not feeling it 
 

CARE II 1 I'm still not sure what tasks an engineer performs. 

CARE I 1 I do not wish to be an engineer. Not for me 
 

 
CARE II 
 

8 I am not interested in an engineering major. I'm not really sure. 
Because I didn't exactly want to be an engineer.  I'm more interested in 

medicine.  I don't want to do engineering in the first place.  I don't think 

engineering is a right job for me.  I am not intending to study 

engineering.  My goal is not to become an engineer.  Engineering does 

not interest me. 

 

It is clear that the year one activities did not make significant impact in motivating the pilot 

subgroup (who viewed their career aspirations as something other than engineering) to consider 

engineering as a career. This subgroup was strongly decided against engineering and their 

responses caused some negative responses to questions asking how the PECAP program 

motivated them to pursue engineering.  The questions were framed with the assumption that the 
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students had some initial interest toward engineering when in fact the students had original 

interest in science and medicine, and the program strategy was to motivate them to engineering.  

However, in examining the participants’ ratings of several aspects common to CARE, including 

the benefits of the SMET component and overall quality of the program on a 10-point scale 

(normalized to 100%), the program was 68% effective in impacting the participants’ interests in 

SMET fields. As to the overall quality of the program, most participants (72%) rated it as 

excellent or ‘Very good’. 

 

Table 15- Effectiveness of program components:  On a scale of 0 to 10 (0 being not at all, & 

10 being positively), rate CARE I with regard to Science, Mathematics, Engineering & 

Technology  (SMET) and how it enhanced the following: 

 

YEAR I  

% Effectiveness  

Impact on  CARE I CARE II TOTAL 

Critical thinking skills 76 79 78 

Problem solving skills 73 74 74 

Analytical Reasoning & Skills 71 73 72 

Competence in SEM 71 72 72 

Interest in SEM 65 71 68 

Leadership ability in SEM 64 68 66 

Self confidence 54 67 61 

Excellent 17 43 28 

Very Good 39 50 44 

Good 28 7 19 

Fair 0 0 0 

How do you rate the overall quality 

of the CARE program? 

Poor 11 0 6 

 

Self-confidence remains the lowest (54%) for CARE I students who still appear to be intimidated 

by math and science compared to CARE II students (67%). 

 

 

Program Performance Summary 

 

This section of the paper examines the Program Summary data as it relates to program 

contribution to educational growth and college career aspirations.  These aspects were measured 

in the Program Summary Instrument by asking the students to indicate agreement or 

disagreement with the statements regarding the contribution of the component of the program to P
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educational growth and usefulness to a college career. In the analysis that follows, agreement 

with these aspects is indicated by responses of ‘Agree’ or ‘Strongly agree’.  

 

Figure 1 shows that CARE I students agreed that Logic/Problem-Solving Skills will 

contribute to their educational growth (100%) and be useful for their college career (94%) while 

89% agreed that engineering tools will contribute to their educational growth.  Although only 

50% of the students agreed that the pace of instruction was appropriate, they agreed that concepts 

learned in college algebra contributed to their educational growth (83%) and would be useful in 

their college career (94%). Students also see communication skills to be important in educational 

growth (61%) and college career (83%). 

 

Similarly, CARE II assessed the impact of Chemistry, engineering tools and pre-calculus 

on quantitative and technology literacy, and study and communication skills in improving 

learning. Figure 2 shows that most of the participants (93%) agreed that chemistry and the 

associated lab contributed to their educational growth and will be useful for their college career 

(100%) while 79% agreed that engineering tools contributed to their educational growth. 

Although 43% agreed that the pace of instruction in pre-calculus was appropriate ( 67% 

indicated the pace was too fast), 86% agreed that the knowledge acquired contributed to their 

educational growth. Study and communication skills received the highest marks as the critical in 

sustaining education growth. 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

Fig. 1.  Agreement Percentages for CARE I Components 
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Fig. 2.  Agreement Percentages for CARE II Components 
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Fig. 3: Assessment of quantitative literacy based on performance in pre-calculus for pre-

and post-tests for pre-12
th
 grade CARE II students. 
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Assessment of Technology Literacy
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Fig. 4.  Assessment of quantitative literacy based on performance in chemistry for pre-and 

post-tests for pre-12
th
 grade CARE II students. 

 

4. Summary and Considerations 

 

Academic growth of the participants is measured in terms of performance on pre- and 

post-tests. Figures 3 and 4 show a comparison of pre-and post-tests to assess the performance of 

the participants in mathematics and chemistry. The pre-test was based on content of the learning 

objectives while the post-tests tested the same concepts but at the mastery level, including the 

use of technology. Comparison of the pre calculus pre- and post-test results (Fig. 3) shows that 

15 out of 16 students made significant improvements in mastering the subject matter.  There was 

a moderate difference in improvement (11% higher) for students who scored highest in the pre-

test compared to the 48% difference in improvement for those that scored lowest in the pre-test. 

This may be attributed to “over-confidence factor” of this student group at the beginning. In 

science, 16 out of 16 students made improvements from the pre-test to the post-test.  This was 

also observed in 10
th
 grade college Algebra results which showed that 16 out of 16 students 

made improvements from the pre-test to the post-test.  The most dramatic change was from a 

12% to a 96% (84%) and from a 0% to a 79% score (79%).  
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Through the use of survey findings for the overall PECAP project, as well as for each 

component, this paper has demonstrated that participants found significant value in their 

participation in the summer program.  Project CARE was most effective in providing a pathway 

for educational growth, strengthening study skills and understanding, building success in science 

and math, enhancing the ability to manage time and organize work, preparing for the next step in 

science, engineering and mathematics education, and exposing students to knowledgeable and 

respectful instructors. Self-confidence remains the lowest (54%) for CARE I students who still 

appear to be intimidated by math and science compared to CARE II students (67%). In the 

ratings of the overall quality of the program, there were no ratings below the ‘Good’ category. 

 

Despite the mixing, most of the non-engineering group found value in the learning 

experience of the program and in some respects even rated components higher than the 

participants who saw engineering as their careers from the start. The Program Director is 

responding to this issue in the second year by limiting the enrollment to only those whose stated 

goal is the engineering field.  One potential problem with such a change is that it could deprive 

some potential participants of a learning experience that this summer’s subgroup of non-

engineers found valuable. Other alternative strategies are currently being considered. 

 

Given the quality of the responses by the participants, it is clear that the students took the 

evaluations seriously and gave a great deal of thought to their answers.  In particular, their 

comments about how they overcame obstacles and their suggestions for improving the program 

provided rich information for program design.   
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