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Abstract 

Peer-led Team Learning (PLTL) is a model of instruction for introductory STEM courses that introduces a peer-led workshop as an integral part of the course. In PLTL, a student who has done well in the course previously is recruited to become a peer-leader: a student who will lead weekly workshops of six to eight students in problem solving and discussion. Originally developed for General Chemistry at the City College of New York in the early 1990’s, the PLTL model has become a nationally recognized and replicated model of STEM education. Peer-led Team Learning: A Guidebook, published in 2001, has been the guiding document that has helped faculty and learning staff begin new implementations at over one hundred sites nationwide.  Six critical components for effective PLTL have been determined, and have proven invaluable in disseminating and evaluating PLTL. The initial positive results of an increase of +15% in the number of A,B, or C grades in a course that were originally reported in Peer-led Team Learning: A Guidebook  have been replicated in many published research reports of PLTL implementations in Chemistry, Biology, Mathematics, and Engineering coursework. 
I.   A detailed description of the promising and practical strategy. 
 
Peer-led Team Learning (PLTL) is a model for undergraduate STEM (science, technology, engineering and mathematics) instruction that introduces a peer-led workshop as a integral part of the course (Gosser Jr. & Roth, 1998; Gosser Jr. D. R., Kampmeier, Strozak, Varma-Nelson, Radel, & Weiner, 1996; Gosser Jr., Cracolice, Kampmeier, Roth, & Varma-Nelson, 2001).  Students who have done well in the course previously are recruited to become peer-leaders: students who lead small groups of six to eight students in problem solving and discussion of the course material. The peer-led workshop complements the lecture component of the course, and is typically a weekly meeting of 1-2 hours duration. PLTL has been predominantly used in introductory STEM courses:  biology, chemistry, mathematics, physics, and introduction to engineering. Evaluation of PLTL has resulted in the following set of six critical components for a successful PLTL implementation:
​​
1. A weekly one to two hour peer-led study-group sessions that is integral to the course and coordinated with the course's other elements (e.g. lectures and recitations).

2. The course instructor is closely involved with selecting materials and training peer-leaders. 

3. The peer-leaders are well trained, with attention to both content and leadership skills. 

4. The PLTL problems are challenging at the appropriate level for students, integrated with other course components, and designed to encourage active and collaborative learning.

5. Organizational arrangements (size of group, space, noise level, time) are appropriate to promote productive discussions. 

6. The participating departments and the university administration encourage innovative teaching and provide sufficient logistical and financial support for PLTL. 


PLTL is a modest change in course structure that results in an extraordinary change in student enthusiasm, confidence and learning of science and mathematics. In essence, the PLTL model proposes to replace one hour of lecture with a two-hour peer-led workshop. This new structure does require support: materials for the workshop must be created or selected, peer-leaders must be trained, and the overall program supervised.

PLTL does not require that faculty overturn their practice of teaching. However, the PLTL structure itself invites them to share their understanding and expertise in an active learning context. PLTL provides for meaningful mentoring and leadership roles for undergraduate students early in their career who bring a renewed sense of enthusiasm and insight into the course. Finally, PLTL creates a supportive community of undergraduates oriented around the scholarly work of understanding a STEM discipline. 

The Center for PLTL at the City College of New York  (http://www.pltl.org) provides regular webinars and a yearly PLTL institute which assist faculty and learning-center staff to develop successful PLTL implementations. In these meetings, we focus on assisting those attending to answer ten key implementation questions: 

1. How will the PLTL workshops be scheduled?  

a. Will the workshops be a required & scheduled part of the course?

b. If the workshops are not required, how will students be encouraged to participate in large numbers?
c. Are the workshop meetings subsequent to the lecture?

2. Who are the allies in your institution that you can collaborate with?

a. If you are faculty, are you coordinating with a learning center to develop the workshop program?

b. If you are a learning center director or staff, how will faculty be involved in selecting materials and meeting with peer-leaders? 

3. How will the peer-leaders be recruited?

a. Will every student be alerted to the opportunity to be a workshop leader?

b. Will peer-leaders actively help in recruiting new leaders from their groups? 

c. How will the program be described to potential peer-leaders? 

4. How will the peer-leaders learn leadership skills and review content?

a. How will the peer-leaders work with faculty to review the content?

b. How will be leaders learn leadership skills and have chance to provide feedback and discuss their workshops?
c. Will there be a credit course in group leadership?

5. How will the peer-leaders be compensated? 

a. Will the peer-leaders be compensated according to hours participating?

b. What other forms of recognition are possible for the peer-leaders?
c. Are there other ways in which the peer-leaders can be recognized?
6. What materials will be the basis for the PLTL workshops?

a. Is there a philosophy of materials that is consistent with course lecture and expectations on exams?

7. How will the PLTL program be managed?
a. Will experienced leaders help organize the peer-leader group? 

b. Will the program be managed collaboratively, between department and learning center? 
8. How will the PLTL program be evaluated?
a. Will student surveys probing critical components be utilized?

b. Are there other research questions that will be addressed? 
9. How will student learning outcomes be evaluated?
a. What is the criterion for student success?   

b. How will data be collected? 
10. How will the program and results be communicated to other faculty and administrators? 
a. Will the program directors make professional presentations?

b. Is there a program web site or wiki?
The Cost of PLTL

The main costs of a PLTL program, on a per-student participant basis, can be estimated for a group of 100 students: 
· Peer-leader stipends, estimated at $500/ semester. Student/Peer-leader ration is 8/1. 
· Administrative Assistant (an experienced peer-leader): $1,500/ semester 

Cost/student (for one fourteen week semester) is $75.00  
The cost will vary somewhat, related to local adaptations. Since research demonstrates the model is highly successful when one lecture hour is converted to a workshop meeting, there is no net increase of faculty time due to their meeting with the peer-leaders. A institutional cost benefit analysis has been described in the (Gosser Jr., Cracolice, Kampmeier, Roth, & Varma-Nelson, 2001), and the conclusion of this analysis is that the savings of the institution through increased retention outweigh the monetary cost of PLTL, 
II.  College Completion Obstacle Targeted. 
​
​
The high rate of attrition of students in post-secondary education  was addressed in 1975 (Tinto, 1975) and remains a serious problem: despite increased access to college, college completion rates are still around 50% (Tinto, 1998; Tinto, 2010).  A key barrier to success in STEM curriculum is very high rates of failure or withdraw in introductory STEM courses (Mervis, 2010).  Programs intended to increase student success in STEM naturally focus largely on these introductory courses, such as programs funded by the National Science Foundation’s Science Talent Expansion Program (NSF, Science Talent Expansion Program), although a nationwide survey indicates there has been relatively little progress overall made in changing teaching methods (Mervis, 2010). 

Research on attrition of students in science suggests that there are many capable students who leave the study of science (Tobias, They're not Dumb, they're Different: Stalking the Second Tier, 1990). Because these students do not become engaged, we lose them. What are the barriers to student success? A review of the literature suggest the reasons for this attrition and points the way to improved instruction. Students need to feel a sense of belonging to an academic community (Tint, 1975).. Mentoring relationships are important to students career choices and success (Tobias, 1992). Students learn in a variety of ways, including visual, verbal, kinesthetic and other dimensions (Bretz, 2005) (Garnder, 1985).  However, traditional approaches to introductory teaching do not include an emphasis on community, mentoring, diversity of learning styles – characteristics which have been shown to be key to a students’ success. A common view is that poor preparation and study habits are to blame for students’ inability to succeed. However, the research cited here demonstrates we cannot take the correlation between SAT scores or high school GPA and college success as an excuse for inaction. 
III. The theory of action that provides the basis for the promising and practical strategy.
 
Scientific Learning and Discovery


Traditional, lecture oriented instruction stands in stark contrast to the process of scientific discovery, which builds on prior knowledge but requires vigorous debate and discussion, without slavish adherence to authority. Understanding depends on the evidence, our ability to work with models, and to build a consensus. Students, however, often work in isolation, and the lecture model does little to change that behavior. The experience of students has little of the lively interchange that makes science attractive and engaging. PLTL changes that dynamic in by introducing a forum where students can engage in scientific discourse. The peer-led workshop in an introductory course can be considered parallel to a “research group meeting” for a research group member. 
Theory of Optimal Learning

PLTL is grounded in theories of cognitive science that emphasize the need for facilitated active engagement.  The optimal learning environment has been summarized (Norman, 1993) as having the following characteristics: 
· Provide a high intensity of interaction and feedback 
· Motivate

· Provide a continual feeling of challenge

· Provide a sense of direct engagement

· Provide appropriate tools that fit the task 

The PLTL environment has the potential to fulfill all these characteristics of optimal learning. 

Social Dimension of Learning
In addition, PLTL emphasizes the profound social nature of learning. In particular, the concept of effective teaching occuring in “zone of proximal development” or ZPD  (Vygotsky L. , 1987) is particularly apt for the dynamics of PLTL, and it is defined as “the distance between the actual developmental level as determined by independent problem solving and the level of potential development as determined through problem solving under adult guidance, or in collaboration with more capable peers.” This definition of ZPD is echoed in the quotes from focus groups of students in PLTL: “Leaders know where you are coming from” and “[leaders] are familiar with the way you understand things.”
Incorporation of Theory into Peer-leadership Training and Workshop Materials 
The training of peer-leaders and the preparation of materials for peer-led workshops is based upon these ideas. For peer-leaders, it is important for them to learn facilitation skills, so that they do not try to emulate the Professor and “lecture” to their groups. Faculty are encouraged to reexamine the possibilities to create problems that engage students in discussion and model building, in contrast to more “one-dimensional”  end-of-chapter problems. 
IV. A history of how the promising and practical strategy was developed.
 In 1991, we began experimenting with peer-led, collaborative-learning groups to improve student success at the City College of New York (CCNY) of the City University of New York (CUNY). This led to a modest National Science Foundation (NSF) curricular grant (Woodward, Gosser, Weiner. 1993) in which we proposed the idea of recruiting undergraduate students who had just finished the course to be facilitators of small-group problem-solving sessions. In contrast to other models of peer-assisted learning, such as tutoring, we conceived the Workshops as an integral part of the course, for all students in the course. In order to make time for the Workshops, we reduced lecture time by one hour. We found the results to be very exciting: the energy and enthusiasm of the peer-led groups were palpable.  Focus groups revealed the contrast to lectures in which students were reluctant to ask questions; students engaged during the peer-led Workshops because anxiety was reduced, the peer-leaders were approachable, and peers were supportive. Students’ comments indicated that the handing down of knowledge in lecture was counterbalanced by peer-mentoring and  growth of confidence in the Workshops. Students said: “Leaders know where you are coming from”; “[leaders] are familiar with the way you understand things”; and “I have a chance to express myself and learn from others”. In particular, students repeatedly brought up the importance of mistakes on the path to learning: “I have a chance to make a lot of little mistakes”. When a fellow student or the peer-leader made a mistake, they were not afraid to challenge and to learn from the resulting discussion. We felt that we had discovered an untapped resource for teaching chemistry: the students themselves!

The early signs of success of the model led to a series of NSF grants to further develop and disseminate the model (NSF, 1996; NSF, 2003) . Guidebooks and Workbooks in Chemistry were published, and a program of national dissemination resulted in widespread adoption and further testing and evaluation of the model. A conservative estimate is that PLTL is being implemented by at least 200 faculty from more than 150 institutions are implementing PLTL, with 2000 trained leaders conducting Workshops for over 20,000 students per year (Gosser Jr., Kampmeier, & Varma-Nelson, 2010)  In recognition of the achievements of PLTL, the leadership team was awarded the JF Norris Award for Teaching of Chemistry (Gosser Jr., Kampmeier, & Varma-Nelson, 2010). A feature of the model is that it can be adapted by Faculty or Learning Center Staff. The Center for Peer-led Team Learning at City College has sponsored a national meeting and development of PLTL every year since 1994, and now expands on that with an ongoing Webinar series on the theory and practice of PLTL. 
V. Outcomes measured
​

Since the introduction of PLTL in the early 1990’s, a wide and diverse body of research has emerged documenting the impact of PLTL on student success. This has been comprehensively reviewed and the following is a summary of this work. (Gosser Jr. D. , 2011).


The Guidebook for Peer-Led Team Learning (Gosser Jr., Cracolice, Kampmeier, Roth, & Varma-Nelson, 2001)  presented the first published account (representing six institutions)  of improved student performance as a result of participation in PLTL (an average +15% of students obtaining an A,B or C in the course (see Table 1).  



	Institution
	Subject
	Type
	Metric
	NPLTL  PLTL
	Stat

	City College of NY
	GenChem
	1
	%ABC
	45      62
	A

	St. Xavier, Chicago
	GOB
	1
	%ABC
	72       84
	A

	U. Pittsburgh
	GenChem
	2
	%ABC
	83      90
	B

	U. Kentucky
	GenChem
	3
	%ABC
	63      84
	A

	NY City Tech
	GenChem
	1
	%ABC
	62      81
	A

	U. Rochester
	Org. Chem
	2
	%ABC
	66       79.5
	B/C


Table 1. The Original PLTL Studies. Type = type of implementation.  NPLTL = no peer-led workshop.  STAT = statistical model used (see main text).  (Gosser Jr., Cracolice, Kampmeier, Roth, & Varma-Nelson, 2001)
These institutions and the participating faculty were part of the NSF Workshop Chemistry Consortium (NSF, 1995) at the City College of New York, were part of the original effort to develop and refine the PLTL model. The adaptations represented a diverse set of institutions, from small classes at community colleges and small liberal arts colleges to larger lecture sections at public universities and research extensive institutions. 



We chose the percentage of students obtaining an ABC as a fraction of the initially enrolled students as a metric for student performance. We chose this as a practical measure of both retention and quality of performance in the course that is widely accepted by both faculty and institutions as a measure of student learning and success (Goodlad, 1998). The control groups without PLTL (NPLTL) were  either a parallel group or established from a historical baseline.  The groups were assumed to be randomly distributed (STAT = A) although in one case follow up studies utilized a multi-variable regession model (STAT =C) linear regression model (logistic regression) to compare the NPTL and PLTL groups. The average increase in %ABC was 15%.  Already, in these initial studies, we could see three distinct variations on the PLTL model, depending on how the model was integrated into the course.  
Type  I:  The lecture was replaced by a peer-led workshop of one to two hours, which was a required part of the course and fully attended. (CCNY, St. Xavier)
Type II:   Graduate student recitation replaced with a peer-led workshop, which were a regularly schedules component and were generally fully attended.  (U. Rochester, U. Pittsburgh)
Type III:  A peer-led workshop was an added course component. Attendance was from 40% to full attendance.  (NY City Tech, U. Kentucky). Students who opted into the peer-led workshops at the outset of the course were expected to attend for the entire semester. 
Subsequent Studies 

Following the initial reports of student success with PLTL, numerous studies have appeared which are either directly termed “Peer-led Team Learning” or are very closely related variants which cite PLTL as a primary reference and which incorporate the six critical components for success of PLTL.  The results of these studies, with references, appear in Table 2. In cases where several individual semester results were reported, averaged results are reported here. In addition to further studies in Chemistry courses, these studies included application of PLTL to Biology, Computer Science, Introduction to Engineering, and Pre-calculus Mathematics. One study (Computer Science) was a composite of six different institutions. Several of these studies employed multi-linear regression or related models to control for variables such as prior ability (for instance, as measured by SAT math scores), or for gender or instructor. The results of these studies demonstrate trends in increased student performance very similar to those originally reported, for all three types of  implementations of PLTL: the average gain in  %ABC reported in the subsequent studies was +16%. Among those reporting exam scores, the gain was +6%. And among those reporting course GPA, the average gain was about + 0.35 GPA units. was reported (normalized to the typical 0-4 scale). 

Several of the studies examined the impact on different populations (men, women, minorities) and found similar impact across all groups. 


These studies compared groups assuming random distribution (STAT = A), with a measurement of prior knowledge (STAT = B), or with multi-variable statistics (STAT =C).
	Institution
	Subject
	Type
	Metric
	NPLTL  PLTL
	Stat

	U. South Fla.
	GenChem
	1
	Exam
	50.9      57.6
	C

	New Mexico St. U.
	Biology
	1
	%ABC
	52       65
	A

	U. Texas – El Paso
	GOB
	1
	%ABC
	53       70
	A

	U. Puerto  Rico
	GenChem
	2
	%ABC
	67      79
	A

	U.  Washington
	GenChem
	2
	GPA(4)
	2.74      2.94
	C

	U. Texas - Austin
	GenChem
	2
	GPA(5)
	2.71      3.38
	B

	U. Illinois
	Intro. Eng.
	2
	Exam
	71      76.5
	B

	U. Wisc. Group
	Comp. Sci
	3
	%AB
	68.5      80.2
	A

	Portland St. U.
	OrgChem
	2
	%ABC
	69       85
	C

	Kennesaw St. U.
	GenChem
	1
	%ABC
	53      68
	B

	NY City Tech
	Math
	3
	%ABC
	53      83
	A

	Howard U.
	GenChem
	3
	%ABC
	 58      83
	C


Table 2: PLTL or PLTL Variants.  (Ayoni, 2010; Baez-Galib, Colon-Cruz, Resto, & Rubin, 2005; Hockings, DeAngelis, & Frey, 2008; Horwitz & Rodgers, 2009; Lewis,S., 2011; Loui & Robbins, 2008;  Wamser, 2006; Lewis S. , 2011;  Lewis & Lewis, 2005). 
Equivalence of NPLTL and PLTL groups
The most commonly agreed upon criterion to establish equality between groups has been math SAT scores, although one study used college GPA and another utilized a pre-test. Table 3 summarizes results obtained from studies discussed here: 
	NPLTL
	PLTL

	727 SAT (Hockings, DeAngelis, & Frey, 2008)
	719

	545 SAT (Horwitz & Rodgers, 2009)
	542

	33.0 ACT (Loui & Robbins, 2008)
	33.6 

	8.769  pre-test  (Lyon & Lygowski, 2008)
	7.409

	3.14 GPA (Wamser, 2006)
	3.25 


Table 3.  Comparing prior knowledge of NPLTL and PLTL groups. 
In all cases except one, the prior knowledge measure was higher for the NPLTL group. In the one case where GPA favored the PLTL group, the effect was considered small relative to the PLTL effect (0.39 GPA) and a multi-linear regression showed a significant PLTL effect. 
The PLTL model is a “peer-assisted” learning model and has been reviewed by alongside other related programs such as emerging scholars and supplemental instruction (Arendale, 2004). 

VI.  A discussion of any difficulties or challenges that arose during the implementation. 

The published research demonstrates that PLTL is effective across a wide variety of disciplines  and institutional types. However, the challenge now facing PLTL is institutional integration and longevity.  Most of the early implementations of PLTL were faculty initiated.  However, as the dissemination of the PLTL model grew, learning centers began to initiate PLTL programs. The critical components of PLTL point to the need for increased collaboration between faculty and learning centers. For instance, faculty have the most influence or expertise in critical components such as the need for PLTL to be integrated with the course, in the selection of workshop materials, and in of course the need for faculty to meet with the leaders to review the material. However, learning centers generally have more expertise in pedagogical training that reflect the critical component that leaders be trained in leadership skills and pedagogy.  PLTL requires that traditional separation between learning centers and faculty be overcome, so that each can easily bring their expertise to bear in designing and implementing a PLTL program. This is now a major emphasis in the dissemination and faculty/staff development carried out by the Center for Peer-led Team Learning. 
 
 
VII. A description of the factor or factors the respondent believes were most important to the success of the promising and practical strategy. 
 The PLTL model appears to be successful because it is indeed practical. It does not require a complete turnaround in the faculty approach to teaching –  it can complement many teaching styles. It does not require a specific institutional infrastructure such as specialized technological support and equipment or software. Highly structured forms of collaborative learning are known to be successful – but are very difficult to scale up – they require faculty to change radically from the lecture and in large classes, presents barriers for even a faculty who is well-versed in collaborative learning models.  PLTL does not require adherence to a particular educational theory or approach – it has been adapted to problem based learning, case studies, POGIL, as well as more traditional approaches to content mastery. Finally, we view PLTL as successful because we are tapping a resource that is vastly underutilized in the academic setting – the students themselves. 
 
 
VIII. A description of the elements of the promising and practical strategy that the respondent believes did not work. 
 

There does not seem to be any specific part of the model that did not work. The critical components were derived from observing PLTL implementations that were deemed successful.   However, this is not to claim that the model cannot be improved upon. PLTL model is continually being refined in areas such as integration with technology, more collaboration between faculty and learning centers, and in development of workshop materials. 

 
 
IX.  Suggestions about how other institutions might best replicate the promising and practical strategy and what potential concerns could make replication difficult. 
 
The biggest problem to address for most faculty is making the PLTL workshops integral to the course, so that that PLTL can impact the largest number of students.   This requires making difficult choices regarding, perhaps, giving up one lecture, and the administrative difficulty of scheduling workshops as part of the course. Intermediary steps are possible in the beginning of an implementation, such as arranging well attended optional workshops, but in the long run these approaches will have more difficulty in obtaining institutional longevity. 

 X. Federal regulatory or statutory requirements or other laws, rules, or regulations that
made successfully implementing the  promising and practical strategy easier or more difficult.
We are not aware of specific laws that are in any conflict with the practical implementation of PLTL. However, college views of faculty time need to be re-examined. 
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