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Peer Learning in Introductory 
Engineering

Dr. Mohua Kar, Valencia College

Dr. Lisa Macon, Valencia College

Dr. Kimberly T. Luthi, 

Embry-Riddle Aeronautical University

Presenter Notes
Presentation Notes
Dr. Macon.

Thank you for joining us to view our session on our NSF grant funded project to deploy and examine peer learning in introductory engineering courses. Our team is at the conclusion of a fourth year extension on a three year project to assess the effectiveness of peer-led recitation in engineering courses in terms of performance, retention, and student efficacy, particularly for Hispanic female and other underrepresented student populations. We will share our project goals and findings.


http://drive.google.com/file/d/1aEKLFUSYESdPtw9osRA8bq5_nU4_c1dz/view


Principal Investigator, Dr. Mohua Kar, 
Professor, Engineering, Valencia College

Co-Principal Investigator, Dr. Lisa Macon,
Professor, Computer Science, Valencia College

Research Analyst/Collaborator
Dr. Kimberly Luthi, Professor, Graduate Studies,
College of Aeronautics 
Embry-Riddle Aeronautical University- Worldwide

Presenter Notes
Presentation Notes
Dr. Macon. Intro.

Please allow me to introduce my colleagues and collaborators. 

Dr. Mohua Kar is Program Chair and Professor of Engineering at Valencia College, and our Principal Investigator.

Dr. Kimberly Luthi is our Research Analyst and Collaborator, and a Professor in Graduate studies within the College of Aeronautics at Embry-Riddle Aeronautical University.

I am Dr. Lisa Macon, Program Chair and Professor Computer Science at Valencia College, and Co-PI on this project.

http://drive.google.com/file/d/1j0TXgaRtoiErN37mSIuLhLfeieJXGjSY/view


Overview

• Overview of the research study 
• Review of the literature
• Methods and data collection
• Discussion, conclusions and recommendations

Presenter Notes
Presentation Notes
LM. Intro and Review. 

Dr. Macon. The session will examine one aspect of the three-year pilot study entitled, Engagement in Engineering Pathways, funded by the National Science Foundation Improving Undergraduate STEM education grant program. The presentation will offer an overview of support interventions that lead to increased academic performance outcomes related to female persistence in engineering education. The study examined the effects of problem-based activities offered through peer led strategies on undergraduate engineering students at a multi-campus, federally-designated Hispanic-serving, public institution in the southeast United States.  This session will provide an overview of the findings and the culturally responsive analysis of best practices in engaging underrepresented minority students and females through the inclusion peers with shared cultural backgrounds and experiences. Through the use of peer leaders, the researchers found that PLTL in introductory engineering courses, to include statics and dynamics, increased student commitment to engineering and STEM pathways, specifically students historically underrepresented in engineering.  The session will offer guidelines on best practices in the inclusion of learning modules that are adaptable across STEM disciplines in introductory courses. 
 
The study specifically addressed conditions in which the support interventions affected the commitment of Hispanic women to engineering pathways. The courses are taught in large class sections, two sections per semester, with an instructor and one recitation leader. This structure addresses an important construct through peer learning that we found to be a significant factor in academic success and persistence in STEM education. The courses follow a face-to-face instructional model with class primarily reserved for lecture and the one-hour a week recitation lab reserved for peer-led practice of applied mathematics within real-world engineering concepts. Over the three-year period, the project has moved toward the goal of increasing student success and course pass rates.  The investigate team also found the interventions provided the necessary support structures so that non-traditional students, particularly minority female students, can progress in engineering and engineering technology disciplines. 
 


http://drive.google.com/file/d/1Y8vVhfXzJKRLGW0y5xOjiHki2B7gjJ2Y/view
http://drive.google.com/file/d/1N3kAnh71V1AG3YHhibPnKwEJbKEO90Oe/view


Goals

The goal of our research is to provide a better 
understanding of the impacts of PLTL on non-traditional 
groups and promote student’s  identity development 
and commitment within STEM and engineering.  

Presenter Notes
Presentation Notes
Dr. Macon.

Goals, expected outcomes and key takeaways: The goal of our research and practice is to provide a better understanding of these impacts, and promote the identity development and commitment within STEM and engineering. The expected outcome was to provide guidelines on best practices so that other STEM educators are equipped to support students, specifically non-traditional students, experiencing challenges as they progress in STEM pathways. Findings from this study are expected to advance the development of an equitable national engineering workforce that promotes the full participation of all women, specifically Hispanic women, at all levels within academia and the workforce. The key takeaways provided insight into best practices including faculty guidance on implementing peer-led team learning exercises within engineering courses that have potential to increase underrepresented students’ commitment to the engineering pathways. Much attention has been focused on addressing these trends, yet little research, particularly within the area of engineering education, has addressed the tangential impact of PLTL on those faculty members who support students, but may not be professionally trained to provide such support. 
 
 


http://drive.google.com/file/d/1thL34TqoBP9YeCVZ-0rW_NirtT9wf_lF/view


Summary of 
Research 

Our research aim was to  understand if PLTL and 
engagement in problem-based learning activities 
increase commitment to engineering pathways 

and academic success. 

We used both qualitative and quantitative data 
collection and analysis to answer our research 

questions and give recommendations.

The findings show that while there is an overall 
improvement in grades and commitment to 

engineering pathways for those involved in  PLTL 
activities,  there is still a concern with integration 
and scalability of PLTL in engineering education. 

Presenter Notes
Presentation Notes
Dr. Luthi. 
Less than 30% of students enrolled in undergraduate engineering programs across the US complete them within four years and over 54% of students complete them in six or fewer years (Yoder, 2012). We found that a number of STEM-oriented programmatic initiatives were available to support student’s academic success in engineering, however, there were still issues with retention and persistence in engineering programs. This was specifically problematic in courses that require students to apply mathematical concepts to real-life scenarios such as statics, electrical networking and dynamics. Learning strategies embedded in these introductory courses offer an opportunity to reach a diverse population of engineering students, particularly underrepresented and female students, from a variety of majors within an engineering context rather than common mathematics or science course. These introductory courses offer a unique position for educational interventions to potentially affect higher numbers of underrepresented students than in any other domain within engineering education. 




Research 
Problem 
and 
Analysis

The study examined underrepresented and 
female students’ abilities to translate cognitive 
knowledge into demonstrable performance-based 
proficiencies through the engagement in peer-led, 
team learning activities in post-secondary, 
undergraduate introductory engineering courses. 

Observed Characteristics  in targeted non-
traditional student population: 
• Low retention
• Low grades 
• Low participation 
• Low confidence in mathematical and problem-

solving abilities 

Presenter Notes
Presentation Notes
Dr. Macon

The study utilized peer-led, team-based learning activities in recitation sessions within post-secondary, undergraduate, introductory engineering courses to examine underrepresented and female students’ abilities to translate cognitive knowledge into demonstrable, performance-based proficiencies.

Within the target non-traditional student populations, our investigative research revealed data showing low retention, low grades, low participation, and low self-confidence in mathematical and problem-solving abilities.

http://drive.google.com/file/d/1Bn9qowo4BK6MF165AufvFliy7v5JhWxe/view


Research Question

Does participation in PLTL activities support 
underrepresented and female students’ 
performance in introductory engineering 
courses and retention in engineering 
pathways? 

Presenter Notes
Presentation Notes
Dr. Macon,

When discussing possible mitigating solutions for these issues, our team of faculty, staff, and administrators wondered if peer-led team learning activities might improve not only performance among these populations, but also retention and self-efficacy. So, we examined the research question: Does participation in PLTL activities support underrepresented and female students’ performance in introductory engineering courses and retention in engineering pathways?

http://drive.google.com/file/d/1mts-TMjSHA_sMIAcG4LAvLuGZsXEqn7D/view


Research Design

• 518 students enrolled in four introductory engineering courses and the recitation lab. 

• Proficiencies assessed included evaluation, analysis, synthesis, and reasoning in the 
contexts of engineering education problem-based activities. 

• The  study population was undergraduate engineering students at a multi-campus, 
federally-designated Hispanic-serving, public, two-year college in the southeastern 
U.S. 

Presenter Notes
Presentation Notes

Dr. Macon.

Our study was based on the sample population to include 518 undergraduate students enrolled in four introductory engineering courses and the recitation lab that included the peer-led team learning support. We evaluated student proficiencies such as their problem-solving, analysis, synthesis, and reasoning skills in the contexts of engineering education performance-based activities.
Data was collected on participants enrolled in statics courses in year one, statics and dynamics courses in year two, and statics, dynamics, engineering networks, and principles of electrical engineering courses in year three of the grant. The courses followed a face-to-face format with class primarily reserved for lecture and practice within a one-hour per week recitation lab with peer-led learning. Out of class work consisted of active learning activities as well as academic learning support tools such as online quizzes based on the textbook and lecture notes, and real-life, project-based engineering scenarios for longer-term team assignments. 





http://drive.google.com/file/d/1VtxOXOuIn8mug3RLdcwCrB26f2O6NKB5/view


Research Design

The data collected was from May 
2018-May 2020. 

Pre-Post Survey Responses were 
Collected

Institutional Data was collected on 
Pass/Fail Rates and Major Choice

Qualitative Data was collected through 
Classroom Observations and Focus 
Group Activities

Presenter Notes
Presentation Notes
Dr. Luthi. 

Our data was collected from May 2018-May 2020. Quantitative survey data were collected from students and analyzed to determine average responses and to see whether there was any statistical significance between pre-and post-responses. Pass and fail data for engineering courses with and without a recitation session were analyzed as well as institutional data on persistence in engineering pathways. SPSS was used to analyze data for statistical significance. Qualitative data were collected through classroom observations and focus group activities with the students who participated in recitation labs. The study included participants enrolled in four face-to-face introductory engineering courses required by engineering majors. 
We will discuss research protocols, the implementation process, and determination of academic achievement among project participants. Both qualitative and quantitative data was collected and analyzed across student demographics to identify performance indicators within PLTL activities that influenced students’ commitment and retention in engineering pathways. 

This presentation examines one aspect of the interventional pilot study analysis provided through a three-year project. The authors’ aim is to explore the effects of peer-led team learning (PLTL) on increased academic outcomes and non-cognitive factors related to demonstrated performance-based proficiency of knowledge and persistence in engineering education. 

The findings support the development, and refinement of PLTL activities with active learning modules and engagement of female and underrepresented students in engineering pathways. The contributions detail the first three years of a study conducted at a single institution within the framework of a larger, multi-institution ongoing thematic research study that compares the same interventions across institutional types. 





Literature 
Review

A literature review provides evidence that active 
learning and problem-based learning strategies 
introduced through peer-led learning activities had 
positive outcomes on a student’s academic 
performance (Drane et al., 2014; Loui et al., 2013).

Furthermore, the data collected throughout 
multiple studies shows that small group 
discussions with integrated learning strategies 
increased levels of self-efficacy in non-traditional 
students (Bumann & Younkin, 2012; Chan & Bauer, 
2015; Gosser, 2011)

Presenter Notes
Presentation Notes
Dr. Luthi. 

It is important to note that the broader research to which this study pertains discusses active learning in relation to persistence in both STEM and engineering education; however, our assessment measures the concepts within the introductory engineering courses statics, dynamics, principle of electrical engineering and electrical networks. 

Our study relies on prior research that demonstrated that students engaged in PLTL experiences showed higher academic performance than students without the support structure (Drane et al., 2014; Loui et al., 2013). 

Marra et al. (2009) found that female students in engineering pathways had significantly lower self-efficacy levels that often reflect the student’s willingness to persist in predominantly male disciplines such as engineering, and their behavior within their academic environment. The results indicate that although female students scored significantly higher on academic achievement measures, they reported lower levels of inclusion, especially those from minority groups. This is consistent with engineering education, as was the percentage of students’ final grade variance described by their self-efficacy levels (Bandura, 1982; Betz & Hackett, 1983). 

Bumann and Younkin (2012) characterize the effects of high self-efficacy on an individual’s willingness to address shortcomings by applying problem-solving strategies and by developing effectiveness in teamwork. Those with little self-efficacy may view setbacks as lack of ability and personal flaws, while individuals with high self-efficacy are more likely to use interpersonal skills and shared experiences to overcome challenges (2012, p.11). These characteristics are noted in students across the variety of engineering majors who take introductory engineering courses and engage in a network of peers to address academic concerns. The constructs are found in most introductory engineering courses such as statics and dynamics and allowed for the findings in the current study to be more generalizable to STEM education. 

PLTL strategies offer a solution to improve overall student performance and academic achievement in engineering and further support underrepresented and female students (Loui et al., 2013). The theoretical framework guiding the study builds on educational theories and prior research studies pertaining to self-efficacy for learning and an individual’s willingness to engage in academic support resources (Bong & Skaalvik, 2003; Bumann & Younkin 2012). 

Freeman et al. (2014) found that active learning increased average examination scores compared to students in traditional lectures within STEM disciplines. Furthermore, active learning strategies appeared to be most effective in small class sizes. Therefore, this study followed the same model for effective small group discussions and integrated specific learning strategies that are based on best practices from successful PLTL in STEM courses and small group learning sessions (Chan & Bauer, 2015; Gosser, 2011; Hennessy & Evans, 2006). 

Following a similar structure, the study examined the effects of student-centered tools such as think-pair-share and PLTL on students’ levels of confidence and competence in engaging in the traditional course setting. Additional, standard institutional measures (i.e., graded assignments and overall course grade) as well as students’ attitude and behavior in class (i.e., willingness to ask questions in class) was evaluated against students’ self-efficacy perceptions.  The peer leaders were not expected to be content experts, but rather students who have successfully completed the courses and trained in small group facilitation (Gafney et al., 2008) and active learning concepts (Blaz, 2018). 

The peer-led activities served as a supplement to the traditional lecture (Lewis & Lewis, 2005). 

The peer-led activities were structured so learning was conducted in a setting that allowed for increased peer interaction with those who were at similar developmental levels (Gafney et al., 2008). The environment offered students opportunities to socially negotiate and problem solve through group learning and construct individual meaning to the engineering curriculum. The literature informed the development of the social learning structure through group-focused science and math problem solving (Cracolice & Deming, 2001; Gosser et al., 2001; Gosser, 2011; Lyle & Robinson, 2003). These methods of effective instruction have demonstrated success in helping students learning STEM principles at the undergraduate level (Ochsner & Robinson, 2017). 
Peer learning strategies have become a broadly used strategy to engage students in active learning across STEM as well as engineering education (Liou-Mark et al., 2010; Felder & Brent, 2009; Gafney & Varma-Nelson, 2008). 

The model in this study aligns with the collaborative learning was structured where small groups of students meet weekly for a minimum of one hour in a recitation lab with an assigned peer leader outside of the traditional large classroom environment (Loui et al., 2013). Students in peer groups engaged in best practices such as working collaboratively on complex problems that required conceptual understanding (Cracolice & Deming, 2001; Hennessy & Evans, 2006), and were asked to share their own ideas, practice giving explanations, listen to other students’ ideas, and engage in other students’ problem-solving processes (Loui et al., 2013). The peer-led engagement required students to think more conceptually than what was typically expected of students with a goal of simply passing course exams (Tien et al., 2002). 




PLTL Activities and Training

Peer Leaders are Successful Former Students
Peer leaders completed two trainings to improve their teaching capability
• Active Learning Strategies Training
• Peer Leader Academic Training 
Faculty members teaching the courses completed training on Active Learning 

Strategies 
PLTL activities are designed/created in collaboration between all the faculty 

members teaching the course 
Peer Leaders implemented the PLTL activities in collaboration with the faculty 

teaching the course

Presenter Notes
Presentation Notes
Dr. Macon. 

Peer leaders and faculty involved in the project engaged in trainings on how the peer-led team learning activities supported learning and education in science and helps students build a solid engineering foundation. We also encouraged peer leaders to help others develop a curiosity for STEM and engineering through peer engagement. 


http://drive.google.com/file/d/1U3FcJqB4vxyb1ubQDnqSEsSMipruNtS1/view


PLTL Activities and Training

Active Learning strategies Training
• Two hours training – one hour online, one hour Face-to-Face
• Online part contains training on different types of active learning strategies
• Face-to-Face included practice of the active-learning strategies 

Examples :
Quiz Quiz Trade 
Parts, Purposes, and Complexities 
Story Share Capture 
Write, Draw, Talk Rewrite Strategy 

Presenter Notes
Presentation Notes
Dr. Macon. 

Faculty members teaching the courses completed an Active Teaching in Engineering Workshop to learn how to effectively leverage the peer leaders and develop a deeper comprehension and familiarity with specific active-based instructional strategies used within the peer-led activities such as 3-minute review, mnemonics and analogies, and round-robin brainstorming activities (Blaz, 2018). The activities required students to practice collaborative work with others to solve a problem and work towards a common goal to mirror problems faced in the industry (Bransford, 2007). 


http://drive.google.com/file/d/1ohvJ3K08V4o-c-fGRtze2DrFA-6-5J3v/view


Demographics
• 518 participants enrolled in 

four introductory 
engineering 
courses (Statics, Dynamics, 
Electrical Networking, Electrical Engineering).

• Female student participants represented 
20.8% (108/518).

• The majority of individuals in the courses 
identified as Hispanic, a group significantly 
underrepresented in engineering.

Presenter Notes
Presentation Notes
Dr. Luthi. 

The majority of the students participating in the study identified with a group underrepresented in STEM and engineering, specifically Hispanic student groups. The study included 518 participants enrolled in four introductory engineering courses over the three year. Female student participants represented 20.8% (108/518) of the overall student headcount enrolled at the beginning of the courses. We will discuss the demographics of the participants as well as the breakdown of the demographics of the experimental group and control group for each course.




Methods

Three surveys were administered each term.
Questions were guided by the study’s theoretical 
framework (Bandura, 2012) and used to determine a 
student’s commitment to engineering pathways and 
levels of self-efficacy.

Structured focus group questions and experiences 
questionnaire was developed from the focus 
questions employed by Talley and Ortiz (2017). 

Grades (Academic Success) 

Commitment to Engineering Major (Retention)  

Presenter Notes
Presentation Notes
Dr. Luthi. 

Data was collected from three surveys conducted each term: a pre- and post-survey of students in the courses and a mid-term survey. The initial survey was administered at the beginning of the academic term and prior to their final exam, all students in the courses were invited to complete a post-survey to determine any changes in their career and educational goals, inquire about student’s experiences and level of engagement in the course, and their perception of the faculty and peer support during the semester. The survey questions were guided by the study’s theoretical framework (Brandura, 2012) and used to determine a student’s commitment to engineering pathways and levels of self-efficacy. The measurement tool used was a modified version of theory-based scale developed by Klobas, Renzi and Nigrelli (2007) to measure self-efficacy for learning among university students. The instruments had a validity and reliability ratings of 0.80 and higher.
The survey included a Likert-like scale to include assessment measures for motivation and commitment to engineering pathways as well as demographic information collection. Several demographic and background data points were collected through the instrument to compare the effect of the use of PLTL among different sub-groups. These demographics and background data points included, gender, age, race, grade level, major, and current GPA. The researchers also held focus group and administered an experiences questionnaire to a smaller sub-set of students. 

The structured the focus group questions and experiences questionnaire were developed from the focus questions employed by Talley and Ortiz (2017).  The questionnaire contained the “self-efficacy for learning and performance” and subscales within the validated MSI (Barbuto and Scholl, 1998). The additional statements related to the subscale of the MSI  to include intrinsic process and external self-concept as well as a student’s explanation of their interest development in STEM (Talley & Ortiz, 2017).
Grades. The researchers used grades and pass rates as part of the quantitative performance indicators. The student pass rate was 62.74% (325 of the 518 students that passed the courses). The female student pass rate was 58.49% (62/106) compared to the male students’ pass rate 63.83% (263/ 412). 



Overall Student Academic Performance 

Presenter Notes
Presentation Notes
Dr. Macon,

By examining the table, you can see that over the course of the experiment, there were varying results. However, for 3 of the four experimental classes, a positive difference in academic performance was observed, with the largest improvement in passing rate observed in our Introduction to Electrical Engineering course.

http://drive.google.com/file/d/1cn0FtvtK2yy_HanjMJQvJoqNYQiYAgiI/view


Statics Results - Success



Statics Results – Success By Demographics



Academic Performance
The pass rate was 62.74% (325 of the 518 students passed the courses).

The female student pass rate was 58.49% (62/106) compared to the male 
students’ pass rate 63.83% (263/ 412).

The highest pass rates in the engineering courses were seen in the Caucasian 
students in the experimental group at 68.15% followed by Hispanic students 
at 65.89%. 

Additionally, students had the highest pass rates in both Electrical 
Engineering and Electrical Networks courses. 

Presenter Notes
Presentation Notes
Dr. Macon, 

The researchers noted an overall increase in pass rates with the experimental group. Although the study included institutional measures on students engaged in all four courses across the three-year grant period, the researchers found the findings from the statics course of particular interest due to the content of material covered and the higher percentage of students (73%) enrolled in the statics courses out of the three courses incorporated in the study. 
The highest pass rates in the statics courses were seen in the Hispanic male students in the experimental group at 79.61% followed by Hispanic female students at 73.58%. The next highest pass rates for the statics course were seen in the Caucasian male experimental group. Although the overall grade distribution pass rate was lower for the experimental group in the dynamics course, female Hispanic students had the second highest pass rate of those who participated in the PLTL activities. Additionally, female Hispanic students had the highest pass rates in both Electrical Engineering and Electrical Networks courses. 



http://drive.google.com/file/d/14TPXnDdVcaRvv_fLT7pjFxRCfXBXg3EJ/view


51.57%

59.68%

65.60%

61.88%

63.29%

39.22%

51.35%

68.15%

65.89%

65.43%

African American

Asian

Caucasian

Hispanic

Others

Overall Success rate - Control group vs. Experimental group(with Recitation)
Pass (with Recitation) Pass (control)

Overall three year Results of all four 
courses – Success By Demographics



Overall Withdrawal Rate (Gender and 
Demographics)

30.30%

19.61%

15.38%

16.61%

18.83%

19.51%

20.51%

10.91%

11.56%

12.24%

African American

Asian

Caucasian

Hispanic

Others

Male Withdrawal percentage
Experimental (With Recitation) Control group

13.95%

14.63%

21.78%

15.97%

26.76%

36.36%

0.00%

22.73%

15.22%

18.18%

African American

Asian

Caucasian

Hispanic

Others

Female Withdrawal percentage
Experimental (With Recitation) Control group



Overall Withdrawal Rate (Demographics)

26.92%

18.56%

16.28%

16.49%

20.75%

23.08%

17.39%

12.88%

12.33%

14.08%

African American

Asian

Caucasian

Hispanic

Others

Withdrawal percentage

Experimental (With Recitation) Control group



Overall Demographics (all 4 courses) 

9.71%

7.57%

32.50%

35.74%

14.48%

9.85%

7.14%

26.06%

41.31%

15.64%

African American

Asian

Caucasian

Hispanic

Others

Overall Demograpics - Control group vs. Experimental group(with Recitation)
Experimental group (with Recitation) Control group



Commitment to Engineering Pathways. 

• 88% (208 of the 264) of the students in the experimental group who 
enrolled in and successfully passed the statics course remained in an 
engineering pathway at the institution and/or declared an 
engineering upon transfer to a four-year institution.

• 10% (23 out of 264) left engineering but remained in a STEM-
pathway. 

• 84% (71 of 85) of the students that took dynamics stayed in 
engineering

• 12% (10 of 85) left engineering but remained in a STEM-pathway
• 100% (18 of 18) of the students that took electrical networks 

remained in engineering. 

Presenter Notes
Presentation Notes
Dr. Macon. 

One of the project goals was to increase commitment to engineering pathways. As previously, discussed, a student’s academic major was used to track a student’s commitment to engineering pathways after participating in the PLTL activities. The researchers reviewed the major of students enrolled in the statics courses recitation labs within three years of taking the course. The researchers were not able to obtain institutional transfer data on all participants in the experimental group, however, the following data was collected on the students whose information was reported to the National Student Clearinghouse. 88% (208 of the 264) of the students in the experimental group who enrolled in and successfully passed the statics course remained in an engineering pathway at the institution and/or declared an engineering upon transfer to a four-year institution and 10% (23 out of 264) left engineering but remained in a STEM-pathway. 84% (71 of 85) of the students that took dynamics stayed in engineering and 12% (10 of 85) left engineering but remained in a STEM-pathway. 100% (18 of 18) of the students that took electrical networks remained in engineering. The totals represent the student headcount and not the registrations per course since some students enrolled in each sequential course and not all students enrolled in statics due to prior credit. 


http://drive.google.com/file/d/11vJ1SOk9tawKBxBG-rdIfyVvf6JDGB9X/view


Pre-Post Survey Results
The Survey results were from 295 students enrolled in courses in Summer 2018, 
Fall 2018 and Spring 2019.

• 97% of the students who participated in the PLTL activities remained as 
committed or felt more committed to the engineering pathway. 

• 79% of the students felt that the activities helped improve their understanding 
of the course material covered in the traditional course. 

• Prior to participation in the PLTL activities used in the recitation lab, less than 
80% of the students were comfortable applying mathematical and physical 
concepts to real-world problems. The percentage increased by 8% as shown in 
the post-survey responses.

Presenter Notes
Presentation Notes
Dr. Luthi. 

A survey was administered before the courses and after the course to gauge change that occurred as a result of participation in the PLTL activities. The questions proposed were used to determine a student’s commitment to engineering pathways and levels of self-efficacy as stated in the theoretical framework guiding the study. Table 5 shows the survey results from students in the experimental group from Summer 2018, Fall 2018 and Spring 2019. The number of students was reduced from 390 to 295 due to attrition over the duration of the courses. 

The pre- and post- survey responses indicated that 97% of the students who participated in the PLTL activities remained as committed or felt more committed to the engineering pathway. 79% of the students felt that the activities helped improve their understanding of the course material covered in the traditional course. Prior to participation in the PLTL activities used in the recitation lab, less than 80% of the students were comfortable applying mathematical and physical concepts to real-world problems. The percentage increased by 8% as shown in the post-survey responses. 



Pre-Post Survey Results
As a result of participation in the activities, 86% of the students felt that 
their analytical and critical thinking skills had improved by a great or 
moderate extent. 
Over 80% of the students surveyed, agreed that the activities helped 
improve their class performance. 

Presenter Notes
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As a result of participation in the activities, 86% of the students felt that their analytical and critical thinking skills had improved by a great or moderate extent. 
In addition to the pre- and post- survey, students were provided a mid-term survey that measured students’ opinions on the extent to which the activities helped improve class performance. Over 80% of the students surveyed, agreed that the activities helped improve their class performance. 

Additional information was collected on average student responses. Female students’ average response was higher on question 3 (see below), indicating the female students were more comfortable or comfortable in applying mathematical and physical concepts to real-world problems compared to their male counterparts. 

Post-Survey Responses Average Student Responses:

Q3: How Do you feel comfortable in applying mathematical and physical concepts to real-world problems? 	
Very comfortable	Comfortable	Neither	Uncomfortable	Very Uncomfortable



Experiences 
Questionaries 

Oct 2019, We received feedback from seven 
students. Responses were compared to those 
of four students in STEM disciplines who did 
not participate in the PLTL activities.

The five most often reported experiences 
were: (a) feel comfortable using the tools 
needed for studies; (b) staff / faculty 
members making connections‐course content 
and real world (i.e. community); (c) access to 
the tools needed for studies; (d) learned 
steps necessary for safety in the class or in 
labs; (e) learned ways to make a difference 
through a career in STEM.
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In October 2019, seven students who participated in the study completed an experiences questionnaire. The responses were compared to those of four students in STEM disciplines who did not participate in the PLTL activities. This questionnaire allowed students to report current experiences and experiences they wished to have more of in the engineering program as well as STEM programs in general. Although the sample size that completed the questionnaire is small, the results offer a reflection of participants’ experiences. Students were directed to “Tell us more about your experiences… as a student in STEM fields (Science, Technology, Engineering, and Math). 

Please mark the boxes, letting us know which you have experienced and also how important each is to you – and let us know if you think we should provide more experiences like this.” 

The results offered insight into the experiences that are most important to the students and that were most frequently reported. Students described the experiences they wished to have more of in the engineering program at the institution. 

The seven students more often reported experiencing items related to the goals of the grant, as compared to the four students who did not participate in the PLTL activities. Of the items related to STEM pedagogy, students more often reported experiencing them as compared to students that did not participate in the activities. The five most often reported experiences were: (a) feel comfortable using the tools needed for studies; (b) staff / faculty members making connections‐course content and real world (i.e. community); (c) access to the tools needed for studies; (d) learned steps necessary for safety in the class or in labs; (e) learned ways to make a difference through a career in STEM.

Almost all of these items showed a positive increase in the students who participated in the PLTL activities compared to the four students who did not participate in the study. Items (b) “real‐world connections” and (e) “making difference through STEM” showed a notable increase, which may reflect changes made to instruction. The students involved in the PLTL activities noted that they wished there were more: (a) peer mentors or other students to meet with regularly to discuss my plans / feedback and (b) workshops or other activities that teach strategies and provide resources to strengthen STEM skills. 

The majority of students reported experiences in having access to the staff and faculty members that made connections between the course content and real word (i.e. community) tools needed for studying, feeling comfortable using the necessary tools for studying, and learning steps necessary for safety in the class or in the labs. Most students indicated using hands on equipment and technology in STEM and have worked in pairs or small groups to discuss information and ideas. Students wished they had activities that encourage ‘risk-taking’ or that allow them to be more creative; opportunities to talk about their own STEM work; and opportunities to reflect on a problem and discuss the problem with a partner using the active-based learning strategy think-pair-share.




Conclusions

• As a result of the participation in the PLTL, 80% of the students were 
comfortable applying mathematical and physical concepts to real-
world problems.

• 96% of the students felt that their analytical and critical thinking 
skills had improved. 

• The average post-survey response to the question asking whether 
students felt comfortable applying mathematical and physical 
concepts to real-world problems showed females had the highest 
averages. 
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Elements related to the student’s experiences such as having access to individuals that made connections between the course content and real word (i.e. community) tools needed for studying, feeling comfortable using the necessary tools for studying, grasp of academic material, ability to communicate academic material in class, collaboration, and acquisition of academic support resources/materials showed favorable gains with the students engaged in the study. 
As a result of the participation in the PLTL, 80% of the students were comfortable applying mathematical and physical concepts to real-world problems and 96% of the students felt that their analytical and critical thinking skills had improved. The average post-survey response to the question asking whether students felt comfortable applying mathematical and physical concepts to real-world problems showed females had the highest averages. Their responses indicated that they felt nearly ‘very comfortable’ applying mathematical and physical concepts to real-world problems. This finding suggests that females who have a greater network to peers have higher levels of commitment to engineering pathways and confidence in their ability to apply the course material to their future career field. 
High self-efficacy relates to resolution, confidence, persistence, and in this study, increased academic performance. The numbers for the students who remained in engineering pathways may have increased due to students transferring between departments or students not obtaining the necessary credits to continue matriculating with the majority of the students in their cohort. However, overall, the majority of students who participated in the study remained committed to engineering as shown in their choice of major. 
In addition to desiring an increased connection to peers and individuals that they identify with in engineering, the students reported that they wished for more experiences with hands-on instruction to learn STEM. The participants in the study also appreciated opportunities with faculty and peers to make connections between course content and the real world. 

The increased levels of self-efficacy, academic success and commitment to engineering can also be contributed to the experiences that the participants reported to include 1) they learned ways to make a difference through a career in STEM; 2) learned steps necessary for safety in the class; 3) worked in pairs or small groups to discuss information or ideas; and 4) discussed case studies in order to understand ideas or events. 
These PLTL experiences have demonstrated success and are strategies that other instructors can use in introductory engineering courses. The peer leaders were provided with professional development to incorporate active learning strategies into the recitation labs. These active learning strategies included small collaborative groups, inquiry and asking questions, and demonstration of problem-solving strategies. Furthermore, the peer leaders incorporated active learning strategies to increase students’ confidence and decrease their nervousness (or anxiety). 
The researchers found that the strategies introduced through the peers such as decreasing nervousness, increasing confidence, and hosting problem-solving practice sessions improved students’ performance on content-based exams as well as overall course grade 



Recommendations
Offer peer leader professional development 
that includes training on how to engage 
diverse groups of students and incorporate 
active learning strategies into 
the recitation labs.

Provide peer-led, team learning opportunities to increase the network of 
peers and role models available to students, specifically those who are 
non-traditional students in engineering.

Incorporate methods of collaborative 
learning with upper-division peer leaders 
to build stronger commitments to 
engineering pathways and identity within 
the engineering and STEM community.
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These PLTL experiences have demonstrated success and are strategies that other instructors can use in introductory engineering courses. The peer leaders were provided with professional development to incorporate active learning strategies into the recitation labs. These active learning strategies included small collaborative groups, inquiry and asking questions, and demonstration of problem-solving strategies. Furthermore, the peer leaders incorporated active learning strategies to increase students’ confidence and decrease their nervousness (or anxiety). 
The researchers found that the strategies introduced through the peers such as decreasing nervousness, increasing confidence, and hosting problem-solving practice sessions improved students’ performance on content-based exams as well as overall course grade.

Again, to wrap up, this study was designed to address barriers to underrepresented minority students’ persistence and retention in engineering. The researchers noted that based on findings in the literature female and underrepresented students are more likely to persist if they have higher levels of self-efficacy for learning and a network of peers and faculty as role models that they can identify with in engineering disciplines. We found this to be true in the evidence we presented today. 

http://drive.google.com/file/d/1kj4XDIteHPLD8ZNWdtkW3uhIs7Mi9lfD/view
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Thank you for joining us for today’s session.  Please feel free to email us with any follow-up questions or interest in future research collaboration. 
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