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INSTRUCTOR USE OF GROUP ACTIVE LEARNING IN AN INTRODUCTORY BIOLOGY SEQUENCE



	A version of this chapter was originally published by Anna Jo Auerbach and Elisabeth E. Schussler:
	Anna Jo Auerbach, Elisabeth E. Schussler. “Instructor Use of Group Active Learning in an Introductory Biology Sequence.” Journal of College Science Teaching. (2016): 102-105. 
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Active learning (or learner-centered) pedagogies have been shown to enhance student learning in introductory biology courses. Student collaboration has also been shown to enhance student learning and may be a critical part of effective active learning practices. This study focused on documenting the use of individual active learning and group active learning pedagogies of faculty teaching the two course introductory biology sequence at one large university. Monthly observations recorded the frequency, length, and type of active learning strategies (e.g., clicker questions, verbal questions, and activities) used in classes. Differences were found in the use of active learning type as well as use of individual and group active learning when comparing instructors independently and by course. These observational data were used as a tool to provide feedback to the instructors and inform future professional development. These findings suggest that professional development for biology instructors should focus on the planning for and implementation of group active learning strategies in introductory courses.

[bookmark: _Toc444174582]Introduction

National efforts to reform undergraduate science instruction, particularly introductory, gateway courses for science majors, have been underway for over 15 years with limited success (AAAS, 2011; Handelsman et al., 2005; NRC, 2004; NSF, 1996). In particular, faculty have been challenged to integrate more active learning pedagogies into their courses, where students are encouraged to construct an understanding of the material rather than passively receiving information from a lecture (NRC, 2000). Active learning pedagogies can vary widely, from instructor-generated verbal questions that students think about or respond to on their own, to small group activities and discussions, to personal response “clicker” questions, with or without group discussion. In each case, the goal is to help students take an active role in their own learning while in class.
Consistent with the assumption that active learning increases student learning, courses focused on these learner-centered pedagogies have been shown to increase student academic performance (Armbruster et al., 2009; Freeman et al., 2007; Hake, 1998; Knight & Wood, 2005), as well as reduce the achievement gap between non-disadvantaged and disadvantaged learners (Haak et al., 2011). Active learning has also been shown to lower failure rates in undergraduate biology courses (Freeman, Haak, & Wenderoth, 2011). Ebert-May and Derting (2010) reported that students who participated in introductory coursework with active learning had a better understanding of science as a process by their senior year. A recent multi-disciplinary meta-analysis provided robust evidence that active learning increases student performance regardless of discipline (Freeman et al., 2014). 
While students acknowledge that active learning increases engagement in classes (Welsh, 2012), they also articulate that some instructors are better at using active learning pedagogies than others. Indeed, how active learning pedagogies are employed make a difference in student learning gains. Smith et al. (2009) and Smith et al. (2011) documented gains in student learning from clicker questions and found that peer discussion in combination with instructor explanation was critical to maximizing student learning using this pedagogy. Turpen and Finkelstein (2010) found that the nature of classroom discussion in general appears to be important in helping physics students make sense of the material, yet how discussion is employed in the classroom is extremely variable from professor to professor, with some fostering much higher levels of student discussion than others (Turpen & Finkelstein, 2009). This may be why some active learning reforms do not result in the same learning gains as others; how the instructor implements active learning may make a profound difference to its success (Andrews et al., 2011).
Student talk, specifically self-explanation, plays a vital role in the learning process as shown in both psychological (Chi et al., 1994; Webb, 1989) and educational research literature (Coleman, Brown & Rivkin, 1997; Smith et al., 2009). Chi et al. (1994) proposed that self-explanation was the cognitive process responsible for enabling the incorporation of new knowledge into existing knowledge. Webb (1989) found that student achievement was increased after students gave explanations within small groups. Coleman, Brown, and Rivkin (1997) demonstrated that biology students participating in teaching each other experienced stronger learning effects compared to those participating in summarizing. Student talk, used in such group active learning pedagogies, has been shown to benefit students from all levels and disciplines, including undergraduate biology students (Smith et al., 2009; Smith et al., 2011). Indeed, cognitive studies have found that multiple sensory inputs, such as both seeing and hearing the same information, has been shown to enhance memory, and practice increases fluency with the material (Herman, Munk, & Engel, 2004; Shaw, McGaugh, & Rose, 1990); both sensory inputs and practice would be anticipated to increase in classrooms where students talk to each other about the material they are learning. Classrooms that do not allow for student collaboration and discussion may impede students in their learning by not facilitating opportunities for students to test their own ideas, interact with information via numerous sensory contexts, and synthesize those ideas with others. 
This study focused on documenting the use of individual active learning and group active learning pedagogies by faculty teaching courses in the introductory biology sequence at one large university. The institution where the study was conducted is in the process of reforming its introductory biology sequence guided by the Vision and Change in Undergraduate Biology Education report (AAAS, 2011). The faculty who teach the courses formed a curriculum reform community in 2012-2013, funded by a grant from the National Science Foundation, to plan for and enact changes to the concepts, competencies, and active learning pedagogies employed in the introductory majors’ course sequence. As part of this process, the program undertook a baseline study of current active learning practices in the courses comprising the introductory sequence. 
Introductory biology courses at large universities are often taught in multiple lecture sections by different instructors. Smith et al. (2014) recently conducted observations in a range of STEM courses at a large university and reported on the variety of classroom practices employed by different professors. These differences in active learning practices could lead to different student classroom experiences and potentially learning outcomes, particularly depending on whether the active learning was enacted with group discussion or not. Smith et al. (2014) also advocated for the use of observational data as a guide for faculty professional development. Therefore, the intent of this study was to collect data about current classroom practices in multiple sections of an introductory biology sequence at one university, which would then be used to provide feedback for faculty and guide professional development needs in the context of the curriculum reform. Classroom observations documented the occurrence and duration of classroom events (lecture, clicker questions, group discussion, etc.) over one academic year. In particular, we were interested in how variable the use of individual as well as group active learning was in the courses comprising a typical introductory biology sequence. 
	The specific objectives of this study were to:

1. Document the occurrence of and time spent on different classroom events. 
2. Compare faculty implementation of individual and group active learning in their classrooms. 
3. Examine the overall implementation of individual and group active learning across the sequence of courses. 

[bookmark: _Toc444174583][bookmark: _Toc289175849]Methods

Participants and Courses
Participants for this study included eight of the nine instructors of two introductory biology majors’ courses at a large southern public university during the 2012-2013 academic year. The two courses, Biodiversity and Cell Biology, seated between 150 and 225 students per lecture section, each of which was taught by a single instructor. The number of lecture sections was two to three per course per semester. These two introductory courses comprised the typical first-year requirement for biology majors at this university. Each course was four credits and also included a one-credit guided inquiry laboratory, which was taught by graduate teaching assistants (GTAs). The laboratory portion of all courses used the same curriculum, which focused on the development of scientific investigation in the context of the course topics, but did not match the lecture content week by week. The laboratory portion of the class was not included in this study, and GTAs did not contribute instructionally to the lecture. One instructor had been involved in development of the labs, and another was involved in coordinating lab delivery, but otherwise, faculty involvement in the labs was minimal. The lecture courses’ curriculum was in the process of being reformed to center around the Vision and Change in Undergraduate Biology Education (AAAS, 2010) concepts and competencies. At the time of the study, the course instructors covered similar agreed-upon topics in their classes, but were free to individually choose the sequence and details of those topics; there was not a unified syllabus in place for each course.
	Informed consent to participate in classroom observations was sought and obtained before any data collection began. All participating instructors were observed in the semester(s) in which they taught. All instructor names reported in this study are pseudonyms and the second author was also observed as part of the study. 

Data Collection
Classroom teaching observations were used to document different classroom events in the introductory courses. Observations were done using an observation protocol created via an iterative process of classroom observation and event categorization by the first author. Existing observation protocols were also tested, but at the time, no other protocol existed to capture the data needed in this study (e.g., COPUS; Smith, Jones, Gilbert, & Wieman, 2013). Free-hand notes were ultimately found to be the optimal way to capture the classroom events relevant to this study; they were used to log the duration of time spent on each event and, in the case of active learning events, whether it was conducted as an individual or group activity. All classroom observations for this study were done in person, not video recorded. To confirm the reliability of the created observation protocol, an external evaluator was trained in the use of the protocol and observed four classes at the same time as the first author. The duration of classroom events were then compared. Both observers classified all classroom events into the same categories. The duration of the events in all observations matched exactly or within one minute. 
There were seven categories of classroom events that were recorded in this study: clicker questions, instructor verbal questions, activities, student questions, lecture, video, and no class (Table 1). The first three events were considered to be instructor-led active learning practices and could also be sub-categorized as individual active learning or group active learning. Student questions were placed into a separate category because, although they are a form of active learning, this study was focused solely on instructor use of active learning. Lecture, video, and no class were classified as non-active events. No class is a category that represents the percentage of time when a class begins late or lets out early. Five of the categories were created prior to testing of the protocol, based on previous classroom observations.  The activities and video categories emerged as new data collection categories during class observations, and resulted in revision of the observation protocol. Activities all included the use of paper, for example, students being asked to analyze data and turn the work in on paper, or being given pre-created worksheets to guide their discussion. Activity topics included students creating hypotheses, predicting future phenotypes, creating population growth curves, drawing a food web, graphing data, and creating phylogenetic trees. Any clicker questions or verbal questions that were not conceptual in nature (e.g. feedback about a topic or asking about class logistics) were not counted in the active learning total.

[bookmark: _Toc444171718]Table 1. Classification of classroom events categories
	Classroom Event
	Classification

	Clicker Questions
	Individual/Group Active Learning

	Verbal Questions
	Individual/Group Active Learning

	Activities
	Group Active Learning

	Student Questions
	Student Questions

	Lecture
	Non-Active

	Video
	Non-Active

	No Class
	Non-Active



In summary, the only classroom events that counted toward active learning in a class were individual or group conceptual clicker questions, individual or group instructor conceptual (verbal) questions, and class activities (which were always implemented using group active learning pedagogies in this study). The observer recorded the length of all classroom events for the entire scheduled class period. At no point was a judgment ever recorded about the quality of the classroom event, e.g., whether certain clicker questions were more effective at fostering conceptual learning or whether particular activities seemed to provoke more student discussion. The data therefore reflect only instructor implementation of particular classroom events, and not relative quality of those events.
The first author conducted observations of each consenting instructor once per month over the full semester of instruction. The observation lasted for the entire length of the chosen class, which was either 50 minutes or 75 minutes, depending on the lecture day. One instructor taught in both the fall and spring semesters and therefore was observed nine times over the school year. The other instructors taught during only one semester and were observed between three and five times over that semester. The observations were unannounced and the observer typically sat in the back of the class to be as unobtrusive as possible. All procedures were reviewed and approved by the Institution’s Review Board for Human Subjects.

Data Analysis 
For each instructor, the percentage of time spent on each classroom event was calculated as a function of the entire class period time (50 or 75 minutes) for each observation. These values were then averaged for each instructor to determine the overall percent of class time spent on each classroom event over the semester. These data were also broken down into individual versus group active learning percent time per instructor. A one-way between subjects analysis of variance (ANOVA) was calculated to determine if instructor differences existed in use of individual and group active learning. Post-hoc comparisons using Tukey HSD were performed (SPSS, IBM, 2011). Individual instructor data were averaged by course (Biodiversity and Cell Biology) and for the entire biology sequence. To determine if the differences in both individual and group active learning (DV) were influenced by the duration of class (50 or 75 minutes) and number of observations performed while controlling for instructor differences, an ad hoc analysis of covariance (ANCOVA) was performed. To determine if there were differences in individual or group active learning implementation between the courses, a comparison of the percentage of class time spent in individual and group active learning in Biodiversity versus Cell Biology classes were conducted using separate independent two-tailed t-tests in SPSS (IBM, 2011). 
[bookmark: _Toc289175830]
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All seven classroom events were observed to occur throughout the academic year overall, however not all events were observed to occur in all instructors’ classrooms. On average, lecture was used for 61% of class time, videos made up 2%, class let out early or began late 8% of the time, clickers were used 10% (5% individual and 5% group), verbal questions made up 9% (8% individual versus 1% group), group activities composed 5%, and 4% of class time was spent with students asking questions (Table 2). Clicker questions were the active learning pedagogy used most often, and were implemented using group active learning most often for most instructors. All instructors with the exception of Harold used clicker questions with group discussion. Only Celine used verbal questions with student discussion. Four instructors (Albert, Celine, David, and Erin) used group activities for 8% - 19% of class time, but Erin was the only instructor that spent more time using activities than any other active learning strategy.

[bookmark: _Toc444171719]Table 2. Average proportion of time spent in classroom events by instructor.
	Instructor
	Clickers
	Verbal
	Activities
	Student Questions
	Lecture
	Video
	No Class

	Albert
	0.17
	0.02
	0.08
	0.08
	0.52
	0.00
	0.13

	Bruce
	0.17
	0.18
	0.00
	0.05
	0.55
	0.03
	0.02

	Celine
	0.07
	0.10
	0.09
	0.09
	0.57
	0.07
	0.01

	David
	0.07
	0.19
	0.15
	0.02
	0.49
	0.00
	0.08

	Erin
	0.14
	0.07
	0.19
	0.05
	0.55
	0.00
	0.00

	Gail
	0.03
	0.03
	0.00
	0.01
	0.82
	0.05
	0.06

	Harold
	0.06
	0.01
	0.00
	0.00
	0.61
	0.05
	0.27

	OVERALL
	0.10
	0.09
	0.05
	0.04
	0.61
	0.03
	0.08




Average individual active learning use per instructor ranged from 5% - 28% of class time and average group active learning use ranged from 0% - 36% with only one instructor not using group discussion (Figure 1). There were significant differences among instructors in the time they spent on individual active learning pedagogies, F(7, 28) = 3.75, p < 0.01, 2 = 0.48. Albert (M = 0.32, SD = 0.16) spent 6 times more class time using individual group active learning than both Gail (M = 0.05, SD = 0.03 p < 0.01) and Harold (M = 0.06, SD = 0.02 p < 0.05). There were also significant differences between instructors in the time they spent on group active learning, F(7, 28) = 3.55, p < 0.01, 2 = 0.47. The only significant pairwise comparisons was comparing Celine to Gail and Harold; Celine (M = 0.24, SD = 0.07) spent almost a quarter of her class time on group active learning, while Gail spent only 1% (M = 0.01, SD  = 0.02, p < 0.05) and Harold spent none (M = 0.0, SD =0.0). There were no significant effects of number of observations and length of class on the active learning differences among instructors. 
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The eight instructors teaching the two introductory biology courses spent 26% of class time on active learning for the overall course sequence, with 16% of class time spent on individual active learning pedagogies, and 10% of class time on group active learning pedagogies (Figure 2). Overall, group active learning made up 38% of all active learning that occurred in the classroom. Biodiversity instructors (M = 0.23, SD = 0.15) spent significantly more time in individual active learning when compared to Cell Biology instructors (M = 0.08, SD = 0.07, t(34) = -3.643, p < 0.01). Biodiversity instructors (M = 0.14, SD = 0.13) also spent significantly more time using group active learning than Cell Biology instructors (M = 0.05, SD = 0.1, t(34) = -2.238, p < 0.05; Figure 2). Despite these differences, the ratio of time spent within group active learning compared to time spent in individual active learning did not differ between courses, with Biodiversity instructors spending 38% of total active learning time within group pedagogies and Cell Biology instructors spending 36% of total active learning time within group pedagogies. 
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For the academic year studied, all the instructors of the introductory biology sequence at this university used at least some active learning pedagogies in their classrooms, meaning that their students likely spent at least some time explicitly thinking about course concepts during class time. However, not all instructors implemented active learning using a collaborative or group context, and there were significant differences between the introductory courses in use of active learning. Instructor differences in the amount of group active learning were also reported in a study by Turpen & Finkelstein (2009). Given what research has revealed about learning in small groups, and the utility of self-explanations and student talk (Chi et al., 1994; Smith et al., 2011; Webb, 1989), these differences could potentially result in different student learning outcomes from these courses.
	Smith et al. (2014) suggested that observational data be used as a guide for the professional development of faculty. In the case of this course sequence, the instructional faculty began meeting as a community in 2012-2013 to plan for the curriculum changes that were starting in fall 2013. Meetings occurred every two weeks to discuss how to enact changes consistent with the Vision and Change report, and professional development was a natural part of these meetings. Professional development during the year of the study was focused on discussing the value of active learning for student learning, not on specific pedagogies. The baseline data reported in this study were used as feedback to the faculty allowing them to see where they stood in comparison to their own perceptions, others teaching the course, and the sequence as a whole. Talking with each other and sharing personal reflections about teaching was critical to this process, and helped many faculty who were more tentative about making changes than others within the group. The data from this study informed future professional development by revealing the need to integrate more group active learning in lecture courses to increase the probability of learning gains for students. The following year, professional development concentrated on how group active learning could be implemented in introductory lecture courses. 
	Bringing the results of studies such as these to the attention of program faculty may be useful, because it is likely that they may not realize how little group active learning is being used. Ebert-May et al. (2011) found disconnects between faculty’s perception of their teaching and observed practices. Instructors may also not realize how important discussion is to student learning. Once understood, faculty can convert their individual active learning strategies to group discussion strategies, which may increase the potential for student learning from these introductory courses. Our experience from this study indicates that this needs to happen within the context of a community of faculty sharing and discussing teaching experiences.	
	Overall, clickers were the most commonly used individual active learning and group active learning strategy observed in the classrooms. They are, perhaps, the easiest entry into active learning for most instructors as the grading of responses is automatic. Clickers could also be the easiest way to integrate group active learning into these courses by providing professional development to faculty members about the types of clicker questions and types of instructional prompts they can use to foster student discussion. Similarly, verbal questions may also be a way to increase active learning in college classrooms given their frequent use by the instructors, although our study found that they were rarely used to foster group discussion. Pairing verbal and clicker questions with discussion not only increases fluency within a given topic (Herman, Munk, & Engel, 2004; Shaw, McGaugh, & Rose, 1990), but also improves student understanding even when none of the students know the correct answer (Smith et al., 2009). However, instructors should also discuss within their faculty communities times when non-active learning, individual active learning, and group active learning are best implemented. Each pedagogy has a role to play within the classroom, and instructors can use the principles of  backward design (Wiggins and McTighe, 1998) to make decisions about how to maximize student understanding of each class learning objective.
Only the instructors of Biodiversity used pre-planned activities in the classroom. The activities were all group active learning and included experimental design, predicting phenotypes, constructing phylogenies, and working with scenarios. These activities take more forethought to integrate into class time, more class time to implement, and a longer time to evaluate for feedback so it is not surprising that they were used less compared to clickers. Their benefit, however, is that they inherently increase group active learning in the classes. The use of cooperative learning in the classroom has been shown to contribute to students putting in greater effort to achieve success, as well as improve the quality of peer relationships and promote psychological well being (Johnson & Johnson, 1989). As we continue observations of these courses into the future, we will be tracking whether those instructors who currently only use clickers and verbal questions will adopt the use of activities as well. This might suggest that activities are integrated only after initial testing of lower-risk active learning strategies such as clicker use.	 
Instructors of the Biodiversity course were more likely to implement different amounts and types of active learning, including group active learning, in their classes than instructors of the Cell Biology course. It is not known if these course differences are due solely to the nature of the individual instructors or to a difference in the content or culture of the two courses. The instructors for the Biodiversity course are from an ecology and evolution department, while those who teach the Cell Biology course are from a cell and molecular biology department. Different sub-disciplines of biology may form different communities of practice that impact the way they view instruction and student learning (Lemke, 2001). This difference was not anticipated and it may be important for continued research to investigate sub-disciplinary perspectives on the use of active learning to identify possible reasons for these differences. Topics in cell biology courses are often more abstract and less visually tangible than topics in biodiversity perhaps resulting in instructors having more difficulty creating activities or questions that students can easily discuss. Therefore, the same active learning techniques, such as self-explanation, might not be appropriate or successful for both courses and could be a reason instructors teaching these two courses differ. 
One limitation of this study is the low number of observations per instructor. Only 8 – 20% of each instructor’s classes were sampled over the semester. Although there was no evidence based on our statistical analyses that this sampling impacted the results, small sample sizes could paint a skewed picture of what is actually occurring in the classroom. However, this sampling regime was able to capture a diversity of classroom active learning pedagogies and in discussing the data, instructors generally felt that the results represented their classroom practices. Another limitation is that quality of active learning was not considered for this study. This could lead to a misinterpretation of active learning effectiveness because time of active learning use may not necessarily correlate with quality of active learning event. However, we did find that instructors who spent more of their class time in active learning were also more likely to use active learning practices such as activities or group clicker questions, which are known to increase the probability of student self-explanation (Chi et al., 1994; Webb, 1989). Therefore, an area for further research may be the relationship between quantity of active learning use and the quality of those practices.
	The findings from this study provided an overview of pedagogical practices within these introductory courses that was invaluable to our curriculum reform efforts. Knowing where we were, where we wanted to be, and what additional professional development was needed was essential to creating a plan specific to our course faculty. The goal is for these data to help instructors to increase the use of group active learning through discussions about specific practices that may be used in these particular classes. It is important for all institutions to conduct assessments of current and reformed practices to collectively meet the national goals articulated in the Vision and Change report (AAAS, 2011). This collective research will provide a better understanding on a national level of how to foster change in STEM classrooms, and how to support faculty in their planning and implementation of group active learning.  In the meantime, students will likely experience a patchwork of non-active, individual active learning, and group active learning practices in their introductory courses, which may lead to a patchwork of conceptual understanding of biological concepts in these critical gateway courses. 
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It has been posited that the traditional lecture format of undergraduate science courses presents many challenges for student learning. While lecture is an efficient way to disseminate a large amount of information to a large number of students, this teacher-centered strategy promotes passive student learning (Bransford, Brown, & Cocking, 2000) while stifling student motivation and enthusiasm (Weimer, 2002). As a result, many students who leave science majors say it was because they felt uninspired and perceived the instructors as not caring (Seymour & Hewitt, 1997).  Roughly 60% of STEM undergraduate students, including 58% of life sciences students, switch their majors or dropout all together; the latter figure increases to 80% for women and students from minority groups (PCAST, 2012).
Active learning is a student-centered pedagogical approach that engages student thinking through the use of class activities that require students to reflect upon their ideas and their application (Collins & O’Brien, 2003). Active learning has been found to improve student performance in introductory biology courses, including underrepresented students (Armbruster, Patel, Johnson, & Weiss, 2009; Freeman, et al., 2007; Michael, 2006), and creating student-centered courses is a main recommendation of the Vision and Change in Undergraduate Biology Education final report (AAAS, 2011). Freeman et al. (2014) recently suggested that it is time to stop advocating for the use of active learning and instead begin implementing it. 
There are various instructional methods that can incorporate active learning within the classroom, common practices include clicker questions, verbal questions, and activities. Many instructors use student response systems or “clickers” that allow large classrooms of students to select their answer for a projected problem or question using a handheld personal response device.  Instructors also ask questions out loud, or verbal questions, to produce responses from students. Writing is another form of eliciting responses from students. Instructors can use classroom activities such as worksheets, drawings, phylogenetic trees, etc. to provide an additional means of student response. These types of active learning events can also be implemented within the classroom using different contexts. 
Active learning techniques can be used to engage students individually or in a collaborative context. While both have been shown to be successful strategies for increasing student learning, combining peer discussion with instructor explanation has been shown to maximize student learning gains resulting from active learning use in biology classes (Smith et al., 2009; Smith et al., 2011). As such, providing opportunities for student discussion is seen to be critical for a student-centered course (AAAS, 2011). Couch et al. (2015) suggests that peer interaction is one component of best practices for scientific teaching, specifically allowing students to refine their knowledge through activities such as worksheets that require small group discussion. Eddy, Converse, and Wenderoth (2015) found that students explaining their answers to peers, hearing other students describe their logic, and participating in activities that require group work are all elements of best practice in active learning. Research in physics has suggested that although classroom discussion is important for student understanding (Turpen & Finkelstein, 2010), how discussion is employed in the classroom varies from professor to professor, with some promoting much higher levels of student discussion than others (Turpen & Finkelstein, 2009). 
Helping to increase faculty use of active learning pedagogies in college classrooms has been a persistent challenge in biology education. It has been found that a one-time workshop is not enough to invoke meaningful change in faculty use of evidence-based practices (Sunal et al., 2001). Even future faculty who went through a series of professional development workshops to promote active learning have been shown to self-report a higher use of active learning than assessed in their actual classroom teaching (Ebert-May et al., 2011). Gormally, Evans, and Brickman (2014) highlight the importance of supportive instructional feedback as faculty attempt to implement active learning strategies in their classrooms. Even when faculty indicate that they have are familiar with the literature describing successful pedagogical practices, they still report that it has not led to significant changes in their classroom with time for preparation being the biggest impediment (Dancy & Henderson, 2010). It has been suggested that faculty are more likely to put effort into pedagogical reform if they understand the goal, are committed to it, and believe in its success (Kluger & DeNisi, 1996). Given this, a process that incorporates the collaborative development of instructional goals among the faculty implementing the change and providing instructional feedback during implementation may be beneficial to enacting pedagogical change. 

Context of the Study
The study took place over a period of three consecutive years as the instructors of an introductory biology sequence at a southeastern public research university implemented curriculum changes guided by the Vision and Change final report (AAAS, 2011). This study built on previous research examining active learning use in introductory biology at the same institution (Auerbach & Schussler, in press). One of the goals of the curriculum reform was to use evidence-based instructional practices, such as active learning, as a means for delivery of the new curriculum. The purpose of this study was to track faculty perceptions and use of active learning instruction in the introductory biology majors’ courses throughout the three-year curriculum reform process. The instructors were observed every semester to record the frequency and duration of classroom active learning events. The instructors were also interviewed every year to determine their perceptions of active learning use, what types of active learning activities they used, and the frequency of active learning occurrence in their classrooms. These combined data (quantitative and qualitative) were used to answer the following research questions:
1. How are active learning practices changing within the program throughout curriculum reform?
2. How are active learning beliefs changing within the program throughout curriculum reform?
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Context of the Reform
The participants for this study included instructors (N = 15) who taught one of the two introductory majors’ biology courses (Biodiversity and Cell Biology). Participant data was not included if they did not teach at least twice over the three years of the curriculum reform spanning from fall 2012 through spring 2015 in order to track change over time. This reduced the number of instructors (N = 10) included. Five of the instructors taught the Cell Biology course and five taught the Biodiversity course. All ten instructors taught at least once a year for two years with four instructors teaching all three years. There were five of instructors over the three years of the project who taught one of the courses one time. Since the intent of the study was to track change in instructor practices and perceptions over time, they were not considered core instructors and were omitted from the study. All of the instructors held a PhD, half of the instructors were tenure-track faculty, and the other half were full-time permanent Lecturers. Two of the instructors had taught the introductory course for less than five years (both were Lecturers), two had 5-10 years of experience with the course, and three had 10+ years experience in the course; no instructor who participated in this study was new to either course at the beginning of the study (Table 3). Informed consent was received from all participating instructors for both observations and interviews. 

[bookmark: _Toc444171720]Table 3. Summary of instructor demographics.
	Pseudonym
	Course
	Title
	Experience
	Semesters Observed/Interviewed

	Albert
	Biodiversity
	Tenure-track faculty
	5-10 years
	Spring 2013
Spring 2015 


	Bruce
	Biodiversity
	Full-time lecturer
	10+ years
	Fall 2012
Fall 2013
Fall 2014
 

	Celine
	Biodiversity
	Full-time lecturer
	< 5 years
	Spring 2013
Spring 2014
Spring 2015


	David
	Biodiversity
	Tenure-track Faculty
	10+ years
	Fall 2012 
Fall 2013
Fall 2014


	Erin
	Biodiversity
	Tenure-track faculty
	5-10 years
	Fall 2012
Fall 2013
Fall 2014


	Frank
	Cell Biology
	Tenure-track faculty
	5-10 years
	Fall 2012
Fall 2014 


	Gail
	Cell Biology
	Full-time lecturer
	< 5 years
	Fall 2012
Spring 2014 


	Harold
	Cell Biology
	Full-time lecturer
	5-10 years
	Spring 2013
Spring 2015 


	Ingrid
	Cell Biology
	Full-time lecturer
	10+ years
	Fall 2013
Fall 2014 


	Juanita
	Cell Biology
	Tenure-track faculty
	5-10 years
	Spring 2014
Spring 2015 







Both the Biodiversity and Cell Biology courses were offered in fall and spring semesters. There were eight total lecture sections observed each year with four representing Cell Biology and four representing Biodiversity (two per semester). Each lecture section contained 175-225 students. There were honors lecture sections for each course that were not included in this study, and the summer offerings of each course were also not included in the study. The Biodiversity course is the first in the sequence and covers topics such as ecology, evolution, and the diversity of life. The Cell Biology course covers topics such as macromolecules, cell structure, metabolism, and DNA structure and function.
 The curriculum changes undertaken to these courses were guided by the Vision and Change in Undergraduate Education (AAAS, 2011) final report. Select faculty members across the three biology departments served by the introductory courses formed a task force in 2010 to consider ways to improve the courses. After the publication of Vision and Change, the faculty decided to adopt the concepts and competencies from the report as the new learning objectives to unify the two courses. A decision was also made to remove the labs appended to each course and instead add one 50-minute small group discussion led by teaching assistants (TA) per week focused on primary literature and biological literacy in an active learning context. This resulted in a proposal to switch from a traditional two course 8-credit introductory sequence to a three course 8 credit sequence with an independent 2 credit hour lab and discussion starting in fall 2014. This research project focused only on the lecture portions of the two four credit courses that existed through spring 2014, and then the first delivery of the two newly-created 3 credit lecture courses in the 2014-2015 academic year. All lecture content in the courses was the same, but the structural changes to the new courses resulted in 50 minutes less lecture time per week than in the original courses (150 minutes per week in the old courses versus 100 minutes per week in the new courses).
To ease the transition to the new course structure, the curriculum changes were phased in over three years of reform. During the first year (2012 – 2013), some four faculty members piloted the Vision and Change concepts and competencies within their lecture courses. During the second year (2013 – 2014), all faculty used the Vision and Change concepts and competencies in their courses, but the course structure remained as a 4 credit lecture-lab format. During the third year (2014 – 2015), the new course structure with 3 credit lecture plus discussions and one two credit lab with discussion were implemented. 
Throughout the curriculum reform process, faculty met as a group to discuss the reform, participate in professional development sessions, and share resources. Instructors worked together and jointly developed the implementation guidelines for the lecture courses. Faculty also discussed course data (such as active learning use) and pedagogy throughout the process. On average, these meetings occurred once a month and last at least one hour each.  At the end of each semester of observations, the instructors had access to their own data as well as the compiled data for the program. All data were shared anonymously. Some of the instructors also participated in communities of faculty, postdoctoral associates, graduate students and undergraduates who worked together to come up with the design of the discussion curricula (Dalrymple, Auerbach, & Schussler, in prep), however, the meetings among with instructors about changes to the lecture courses were separate from the meetings about the new discussion curricula.

Data Collection
Classroom observations were used to sample instructional practices used in the introductory courses over the three years of the reform process. Observations were done using an observation protocol created via an iterative process of classroom observation and classroom event categorization by the first author in early fall 2012. Existing observation protocols were also tested, but at the time data collection began, no other protocol existed to capture the data considered central to this study (e.g., COPUS; Smith, Jones, Gilbert, & Wieman, 2013) had not yet been published). After the publication of COPUS, the authors discussed switching to that instrument, but since the switch would not have resulted in data necessarily better for this study, the decision was made to keep the data collection process uniform. Free-hand notes were found to be the optimal way to capture the classroom events relevant to this study; they were used to log the duration of time spent on each event and, in the case of active learning events, whether they were conducted as an individual or group activity. Each instructor was observed once per month for every semester they taught the course and participated in one interview for each semester they taught.  All classroom observations for this study were done in person, not video recorded. To confirm the reliability of the created observation protocol, three external evaluators were trained in the use of the protocol and observed at least two of the same classes as the first author each semester. Observers classified all classroom events into the same categories, and the duration of the events in all observations matched exactly or within one minute of each other. 
The first author conducted observations of each consenting instructor once per month over the full semester of instruction for three academic years. The observation lasted for the entire length of the chosen class, which was either 50 minutes or 75 minutes, depending on the lecture day. The observations were unannounced and the observer typically sat in the back of the class to be as unobtrusive as possible. In year 3, observations were also conducted for the newly implemented discussion sections. There were a total of nine TAs assigned to each lecture course, and each of those TAs taught three discussion sections with up to 25 students each. Each TA was observed twice during each semester they taught using the same protocol as the lecture observations. All observation procedures were reviewed and approved by the Institution’s Review Board for Human Subjects.
There were seven categories of classroom events that were recorded throughout the study: clicker questions, instructor verbal questions, activities, student questions, lecture, video, and no class. These categories were classified as either active learning or non-active learning. Classroom events were classified as active learning if the instructor asked the students to engage with the material in some manner (i.e. answer a clicker question, discuss a concept, draw a phylogenetic tree). Active learning was also broken into sub-categories of individual (students work alone) and group (students work together) active learning.  The classroom events of clickers, verbal questions, and activities were considered to be instructor-led active learning practices and could also be sub-categorized as individual active learning or group active learning. Any clicker or verbal questions that were not conceptual in nature (e.g. feedback about a topic or asking about class logistics) were not counted in the active learning total. Student questions were placed into a separate category and not considered active learning because in this case the instructors were not explicitly asking students to be in engaged in their learning and this study was focused solely on instructor-directed active learning. Lecture, video, and no class (class began late or let out early) were classified as non-active learning events. Five of the active learning categories were created prior to testing of the protocol, based on previous classroom observations. The activities and video categories emerged as new data collection categories during class observations, and resulted in revision of the observation protocol. Activities all included the use of paper, such as students being asked to analyze data and turn the work in on paper, or the use of worksheets to guide discussion and responses. Activity topics included students creating hypotheses, predicting future phenotypes, creating population growth curves, drawing a food web, graphing data, and creating phylogenetic trees. In summary, the only classroom events that counted toward active learning in a class were individual or group conceptual clicker questions, individual or group instructor conceptual (verbal) questions, and individual or group class activities. 
The observer recorded the length and frequency of all classroom events for the entire scheduled class period. At no point was a judgment ever recorded about the quality of the classroom event, e.g., whether certain clicker questions were more effective at fostering conceptual learning or whether particular activities seemed to provoke more student discussion. The data therefore reflect only instructor implementation of particular classroom events, and not relative quality of those events.
Each instructor was interviewed at the end of the semester they taught. The same questions (Appendix A) were asked at each interview in order to identify changes in perception and use of active learning (AL) over time. The interview questions were designed based on a priori categories (course planning, AL implementation, AL definition, AL types and teaching style) to track changes over time in the way faculty thought about, planned for, and implemented active learning within their classrooms. For example, faculty were asked what active learning means to them and what types of active learning they use in their classroom. Follow-up questions were often used to clarify or extend participant responses. The interviews were either held in the participant’s or first author’s office depending on the participant’s preference. The first author performed all interviews. The interviews were audio-recorded with permission and began after participants received all information about the study and signed an informed consent form. The interviews ranged from 20 – 35 minutes each. Each instructor was interviewed 2-3 times throughout the reform process depending on how many years they taught the courses, resulting in a total of 24 interviews with the 10 participants over the course of the project. 

Data Analysis
While fifteen instructors were observed, only the ten core instructors were included in data analysis. During the first year of observations, different instructors received a different number of observations (3 – 5).  In order for each instructor to have equal representation and for each year to be compared over time, it was determined that each instructor would have observations for the following months in the fall: September, October, and November and for the following months in the spring: February, March, April. Thus, three observations during these time points were randomly selected for each instructor each semester in an effort to standardize the number of observations for the purpose of data analysis (Table 3). Eight out of the ten instructors included taught each year with three observations each being included in analyses. A total of 24 observations were analyzed, 8 per year. 
Observational data were used to calculate a proportion of class time each instructor spent in each classroom event for each time they were observed and was recorded into a spreadsheet for analysis. The data were then assessed for coding errors and missing data then standardized scores were created to check for outliers. A Shapiro-Wilk test was used to assess the data for non-normality as the sample size was less than 300. Appropriate skewness and kurtosis were also confirmed (Westfall & Henning, 2013). 
The percentage of time spent on each classroom event was calculated as a function of the entire class period time (50 or 75 minutes) for each observation of each instructor. These values were then averaged across instructors to determine the overall percent of class time spent on each classroom event over each of the three years. Active learning classroom events were clickers, verbal questions, and activities. The values that represented the three active learning events were averaged together to produce the proportion of class time spent in active learning overall (ALO). These values were also broken into individual and group active learning estimates based on how the event was implemented (i.e. students answer a clicker individually or after discussing the question with classmates) to produce a measure of group active learning overall (GALO) and individual active learning overall (IALO).These values were then averaged across instructors to determine the overall percent of class time spent on each classroom event, ALO, GALO, and IALO over each of the three academic years. 
A one-way repeated measures analysis of variance (ANOVA) using the observation data from lecture only was performed with the total amount of active learning (ALO) as the dependent variable and year as the independent variable to determine if instructor use of active learning was changing across the reform. Another one-way repeated measures ANOVA was performed to determine if changes occurred across time in use of group active learning (GALO) and active learning type (i.e. clickers, verbal questions, and activities). For analyses that produced significant results post-hoc comparisons using the Bonferroni correction were performed to determine which years were different (SPSS, IBM, 2011).
To compare the 3-credit hours of lecture in the first two years to the 3-credit hours of the lecture plus discussion in the third year, the discussion section observations \were added to the lecture amounts in 2014-2015 to come to a final value that represented the total active learning students would experience in their 3 credit course. Observations of TAs were transformed into proportions of class time spent in different classroom events. ALO, GALO, and IALO were calculated for each TA observation. All TA values associated with the same section of a course were averaged together. These data were then used to represent 1/3 of the observational averages with the instructor observations representing the other 2/3’s. 
The addition of the discussion data to the lecture data transformed the dependent variable into one that violated sphericity because the rates of active learning in the discussion sections were significantly higher than the values seen in lecture. Sphericity is an important consideration when using repeated measures ANOVA as it can affect the accuracy of the ANOVA F statistic by reducing its power (i.e., type 1 error). To correct for this, a one-way repeated measures ANOVA was calculated using the more conservative Greenhouse-Geisser correction (Stevens, 1996). For analyses that produced significant results, post-hoc comparisons using the Bonferroni correction were performed to determine which years were different (SPSS, IBM, 2011).
Although fifteen instructors were interviewed, only ten were included in this this study, and only eight of those ten taught each year of the project. Since the intention was to analyze interview responses for potential changes on a yearly basis, the analyses were carried out on only the eight instructors who taught each year (Table 1). This resulted in the initial pool of 29 interviews being reduced to 24 for the purposes of data analysis. The 24 interviews were transcribed fully into a word processing program for analysis. The interviews were then analyzed in two successive cycles using two independent researchers, one being the primary analyst and the other independently confirming the themes identified by the first. 
In the first round of analysis, interviews were analyzed using the a priori categories that were developed and were reflected in the interview questions. These categories were used to quantify specific themes and simplify the process of identifying change across time (Kvale & Brinkmann, 2009). To do this analysis, the first author highlighted all responses relating to each category. Each response under the a priori categories were then assigned to a theme. Responses to each question for each year were then read and re-read until all categories and themes within were identified and assigned (Saldaña, 2013). These themes were then used to create a summary of each category; for example under the category of course planning instructors reported two themes of behavior: using the textbook as a guide for course planning or developing learning objectives for the course to serve as the guiding structure (Table 3). Summaries were then compared across the years using comparative analysis ((Saldaña, 2013). For example, the number of faculty using the textbook as a guide for course planning decreased over the three years. 
After this first round by the primary analyst, the second researcher in a subsequent round then assessed the interviews. The second researcher identified participant responses using the a priori categories and themes created by the first author. The second researcher also made notes of possible overlooked categories and themes. Once the second researcher had themed out the participant responses under the categories, the two researchers met to compare results and reach consensus. There were two categories, in addition to the a priori categories, that the researchers felt warranted further explanation. The each independently searched the interviews for participant responses that related to the two new categories. Then they each assigned the responses to a theme within each category. Finally, they met again to compare results and reach consensus.
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Observations
During the first year, instructors spent an average of 26% of their class time in active learning with 13% spent in clickers, 8% in verbal questions, and 6% in activities. Group active learning was used for 13% of the overall active learning (Table 4). During the second year, overall active learning use was 27% of class time on average. Clickers made up 11%, verbal questions 6%, and activities 9% of class time on average. Group active learning made up 15% of the overall active learning. During the third year, when looking at the lecture only data, 39% of class time was spent in active learning events on average. Group active learning accounted for 21% of overall active learning. Clickers were used 17% of the time, verbal questions made up 10%, and activities were used 12% of the time. Active learning use did not decrease from year 2 to year 3, despite a loss of 1/3 instructional time. When looking at the lecture + discussion data for year three, overall active learning made up an average of 49% of class time with 33% representing group active learning. Clickers were used for 13% of class time, verbal questions made up 20% and activities 26%. Instructors showed an increase in their average use of active learning, group active learning (Figure 3), as well as all three active learning strategies throughout the three-year study (See Table 4). 
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	YEAR 1
	YEAR 2
	YEAR 3
	YEAR 3 w/discussions

	Active Learning
	0.26
	0.27
	0.39
	0.49

	Group Active Learning
	0.13
	0.15
	0.21
	0.33

	Clicker Questions
	0.13
	0.11
	0.17
	0.13

	Verbal Questions
	0.08
	0.06
	0.1
	0.2

	Activities
	0.06
	0.09
	0.12
	0.26
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 Figure 3. Average proportion of class time in AL and GAL across reform: 2014 - 2015 with and without discussions.

Over the three years of reform, there was an overall significant effect of active learning use when comparing lecture observations only, F(2, 46) = 3.95, p = 0.026, partial 2 = 0.147, power = 0.682. The results of a bonferroni posthoc test showed no significant results for paired year comparisons: year 1 (M = 0.26, SD = 0.18), year 2 (M = 0.27, SD = 0.17), and year 3 (0.39, SD = 0.14). However, comparing year 2 (M = 0.27, SD = 0.17)  and year 3(M = 0.39, SD = 0.14)  resulted in marginal significance (p = 0.077). Although, the percentage of class time devoted to types of active learning increased across time, there were no significant differences when comparing the use of group active learning or any of the types of active learning events (i.e. clickers, verbal questions, and activities) in lecture across the three years.                                                                                                                                                                                                                              
When discussion section observation estimates were included in the analyses, there were significant increases in overall use of active learning in year 3. A one-way repeated measures ANOVA was significant for active learning, F (2, 46) = 10.651. p < 0.001, partial 2 = 0.317, power = 0.985. The results of a bonferroni posthoc test showed that year 3 active learning use (M = 0.49, SD  = 0.2) was higher when compared to both year 2 (M = 0.27, SD  = 0.17) and year 1 (M = 0.26, SD  = 0.18). Group active learning violated sphericity so a more stringent F test was used (Greenhouse- Geisser), F (1.549, 35.633) = 8.647. p = 0.002, partial 2 = 0.273, power = 0.915. A bonferroni posthoc test revealed year 3 had higher group active learning rates (M = 0.33, SD  = 0.23) than both year (M = 0.15, SD  = 0.19) and year 1 (M = 0.13, SD  = 0.16). Clickers did not change significantly across the three years of reform. The use of both verbal questions and activities also violated sphericity so the more stringent Greehouse-Geisser F test was used. The use of verbal questions increased across the three years, F(1.191, 27.382) = 4.099, p = 0.046, partial 2 = 0.151, power = 0.539, although there were no significant pairwise comparisons among years: year 1 (M = 0.08, SD = 0.08), year 2 (M = 0.06, SD = 0.05), and year 3 (M = 0.20, SD = 0.28). Comparing year 2 (M = 0.06, SD = 0.05) and 3 (M = 0.20, SD = 0.28) revealed marginal significance, p = 0.089. The use of activities also increased over time, F(1.275, 29.323) = 7.571, p = 0.006, partial 2 = 0.248, power = 0.822. A bonferroni posthoc test revealed significant differences with year 3 (M = 0.26, SD = 0.28) using significantly more activities when compared to both year 1 (M  = 0.06, SD = 0.12) and year 2 (M  = 0.09, SD = 0.14).

Interviews
For the a priori categories probed by the interview questions (Course Planning, AL Implementation, AL Definition, AL Type and Teaching Style) the identified themes were tallied over time to identify changes in instructor perceptions of active learning (Table 5). Themes within each category are italicized in the descriptions below.
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	Category
	Theme
	Year

	
	
	2012 - 2013
	2013 - 2014
	2014 - 2015

	Course Planning
	
	
	
	

	
	instructor used course materials as guide
	5
	5
	4

	
	instructor used learning objectives
	3
	3
	4

	AL Implementation
	
	
	
	

	
	planned after lecture is set
	7
	7
	5

	
	planned lecture around AL
	1
	0
	2

	
	planned simultaneously with lecture content
	0
	1
	1

	AL Definition
	
	
	
	

	
	students engaged, involved, thinking about content
	7
	8
	7

	
	students interacting with each other
	0
	4
	5

	
	students as knowledge constructors
	1
	1
	3

	AL Type
	
	
	
	

	
	instructor used group AL
	6
	8
	8

	
	instructor did not report using group AL
	2
	0
	0

	
	instructor used clickers
	8
	8
	7

	
	instructor used verbal questions
	6
	7
	7

	
	instructor used activities
	5
	6
	8

	
	
	
	
	

	Teaching Style
	
	
	
	

	
	yes
	4
	7
	7

	
	do not know
	1
	0
	0

	
	no
	3
	1
	1







Course Planning. Within this category, two themes were identified: instructor used course materials as a guide and instructor used learning objectives as a guide. In the first year of interviews, slightly over half of the instructors reported instructor used course materials as a guide to develop the focus of their teaching (N = 5). Only three were instructor used learning objectives as a guide. 

David said, “I start with the book and select topics, objectives, and how to teach them.”

Celine described her method as, “I read sections of the book I have assigned to the students. From there I pick out the material that I think is most important for students to learn.”  

Bruce was one that used learning objectives in course planning. He stated,“I start with specific learning objectives. What do I want them to do? How can I achieve that? 

The next year, similar numbers of instructors fell into the two themes. Five instructors reported instructor used course materials as a guide while three reported instructor used learning objectives as a guide. This may account for the similarities between active learning use in years 1 and 2.  

Gail described her course planning, “So when I design a class, I typically go by the topics I want to cover which sometimes match the book, most of the time matches the book, then make the ppt.”

Harold reported a similar approach, “I essentially go through the book or other sources and pick out what I think are the important things and leave out the stuff that I don’t think is important, the stuff that clutters, kind of streamline it a little bit.”

Ingrid talked about a different approach, “Usually I start with what do I want the students to know at the end of the class. Basically, what are my learning objectives and then I try to design.”
 
The third year started to show a shift. Half of the instructors (4) reported instructor used course materials as a guide while the other half (4) reported instructor used learning objectives as a guide. This perhaps had some influence on the increase in active learning use in year 3.  

Juanita continued to use course materials as a planning guide, “I go through the chapter and select what to keep.”

Erin revealed a shift in her planning, “What I’ve done with this semester is I explicitly backward designed my objectives for each class… I create learning objectives, explicit ones, that were more not just like to understand or to know but to write them the way I want them to know them on an exam.”

Albert also stated, “One thing I did this year that I learned was to put in learning objectives and that helped me a lot, helped me to teach better and be better organized.”

Active Learning Implementation. There were three themes identified that all had to do with when the planning for active learning implementation occurred: planned after lecture is set, planned simultaneously with lecture content, planned lecture around AL. Most of the instructors (7) reported that when implementing AL, it is planned after lecture is set. Only one instructor reported they planned lecture around AL.

Harold said,“[Active learning implementation] is all retrospective. I go back now and try to figure out where to insert a clicker question.”

Erin described how she implements active learning, “After I get the lecture set, I try to find places to insert clicker questions where I can test them on information from the last lecture or something I just covered.”

Celine stated, “For each topic or concept I cover, I think about what questions and activities could help students learn the material better than lecturing.”

The next year, the trend was similar as in year 1 and most of the instructors (7) reported when implementing AL, it is planned after lecture is set. One instructor reported AL was planned simultaneously with lecture content.

Gail said, “I design activities on the backend instead of the frontend. I also design questions for examples on the backend instead of the frontend.”

Juanita said, “So I give like a quick summary, especially for these connecting or continuing that lecture and then I’ll go through the lecture, you know the ppts, so I use the Pearson ppts from the book but I cut down a lot of things and take the pictures from them and add my own but it’s flow is mainly form the DVD, the CD they gave us. Then I add clickers.”

Celine expressed similar ideas, “Any time I’m covering a concept that is difficult and I want students to get a chance to either think about it or talk about it on their own or whenever there is a natural point for them to do something and me to get feedback on whether or not they understand or whether they have questions, I think that, that should be driving when I do my activities more than just timing but yeah so I think both of those things honestly play a role in when I decide to integrate it.”

The third year, all instructors continued to think about how to implement active learning when planning their courses and two instructors reported that they planned lecture around AL and one reported AL was planned simultaneously with lecture content. The remaining instructors (5) reported that AL is planned after lecture is set.

Ingrid designed around her active learning, “The one thing I think I centered more about the activities I had, I think a set of activities that I like that worked well in the past. And so I basically designed around this.”

Celine continued to plan AL integration simultaneously with lecture content, “In addition to just trying to make sure I'm not talking for long stretches of time, Ithink it's nice to have breaks from that but also any time I'm covering a concept that is difficult and I want students to get a chance to either think about it or talk  about it on their own or whenever there is a natural point for them to do something and me to get feedback on whether or not they understand or whether they have questions, I think that, that should be driving when I do my activities more than just timing but yeah so I think both of those things honestly play a role in when I decide to integrate it.”

Frank said, “I try and focus on what I think is the most fundamental concept relevant to each of these topics and then how does that teach, how does that drive what else needs to be talked about with respect to that particular topic.” 

Active Learning Definition. There were three themes within this category :students engaged, involved, thinking about content, students interacting with each other, and students as knowledge constructors.  The way instructors defined or thought of active learning also changed throughout the reform process (Table 3). In the first year most instructors (7) described active learning as students engaged, involved, thinking about content.  Only one instructor defined  active learning using the students as knowledge constructors theme. 

David said, “Students are engaged in thinking about content rather than just remembering it.”

Frank defined AL as, “Students being engaged with the content and thinking about it in class.”

Celine described AL as,“Students building their own knowledge rather than being told facts.”

In the second year, all instructors used the theme of students engaged, involved, thinking about content in their definition of active learning.  Some instructors (4) also began to add an interactive component to their definitions of active learning: students interacting with each other.  One instructor defined AL using the students as knowledge constructors theme to their definition.

Bruce said, “It means involvement, engagement, non-passive, doing things, thinking.” 

David added an interactive component, “That the students are engaged, that they’re not just sitting and listening or taking notes but that they are required to interact with each other or interact with me or to actively be doing something you know evaluating data, coming up with a hypothesis, talking to each other, answering questions, something like that.”

Ingrid described AL as, “So that means they need to do the learning themselves and not me. So basically, for me it’s more the students have to do so they have to manipulate the concept, apply them to new situation, things like that.”

And by the third year, instructors (7) defined active learning as  students engaged, involved, thinking about content. Five instructors added students interacting with each other and three added students as knowledge constructors theme to their definition. 

Albert described AL as, “When the students are thinking about the material and doing something with it.”

Frank added an interactive component to his definition, “It is when students are taking an active role in their own process of learning. They are working together to solve problems with the material.”

Erin added an interactive and construction component, “Practicing!! Giving them an opportunity to practice the things I want them to be able to do on the exam which then are also the things I think are important to learn in the class so anything that gets them to think. Consider, working together mainly just to think, to build their understanding.”

Active Learning Type. There five themes within the category of active learning type: instructor used group AL, instructor did not report using AL, instructor used clickers, instructor used verbal questions, and instructor used activities. Type of active learning that instructors described implementing in their lectures changed across the three years (clickers, verbal questions, and activities) as well as the manner in which they asked students to work on those AL events (individually or in groups). In the first year, most of the instructors (6) used group AL (Table 3). All instructors (8) used clickers, most instructors (6) used verbal questions, and some instructors (5) used activities. 

Erin used group AL, “There’s not a lot of individual, other than the clickers, well no actually cause I tell them to talk during clickers.
When Harold was asked what role does student talk play in your classroom, he responded, “Yeah…sorta zero.”

Albert reported using clickers, “I use the clickers to review where we left off, assess preparedness, active learning, exams.”

Bruce reported using clickers and verbal questions along with group AL, “Clickers, calling on students with verbal questions, small groups, and allow for students to share. 
Celine reported using clickers, verbal questions, and activities, “Open-ended questions that lead to discussion, think-pair-share, clicker questions, handouts”

In the second year, all of the instructors (8) used group AL (Table 3). All instructors (8) used clickers, almost all instructors (7) used verbal questions, and most instructors (6) used activities. The number of instructors that used verbal questions and used activities increased compared to year 1 (Table 3). 
	
Harold added group AL, “Clickers, clickers with discussion. Just having students discuss something is something I’ve never ever done before and I’ve taught this four times.”

Ingrid talked about verbal questions, “I try whenever possible, try to find challenging questions that they can think about and I have them discuss it and we vote then discuss it, vote discuss, these kind of things. “

Gail described adding activities to her classroom, “This semester I’ve done three or four case studies where I have pulled from the Buffalo case study databank. Another activity we did a genetics worksheet where we did dominants and recessive, that was fun. We did an activity early on with DNA structure so students were given different components and had to orient a DNA molecule in the right orientation with the right components, um what else?” 

By the third year all instructors (8) were implementing active learning in a collaborative context (Table 3). Most instructors (8) still used clickers, almost all instructors (7) used verbal questions, and all instructors (8) used activities. One instructor reported not using clickers in year 3.
The number of instructors using verbal questions and using activities increased over the years (Table 3). 

Albert reported no longer using clickers, “So this semester I didn’t use clickers and frankly I didn’t miss clickers and I don’t have anything against them and I liked using them but this semester and I don’t know how effective it was but I went with notecard approaches and group work on paper and they just turned that in and then I went over it and gave them participation points instead of actually grading it.” 

Celine commented on verbal questions, “I know I ask a lot of questions and I try to make them, I think I have gotten better about this, I try to give students a chance to talk about it in groups or in pairs before I get responses from students.”

Juanita talked about clickers, verbal questions and activities, “Worksheets where they work together. Worksheets, they have to apply content from lecture notecards, questions form powerpoint to discuss, clickers with discussion, and I repoll if few correct.”

	Teaching Style. There were three themes under teaching style where instructors reported that the curriculum reform process impacted their teaching style, that it did not, or that they did not know: yes, no, do not know. In the first year, half (4) of the instructors did not see the reform affecting their teaching style or did not know how it would (Table 3). Those that reported no to their teaching style being impacted by the curriculum reform also indicated that it was because their teaching was already in a process of reform. The other instructors (4) reported that yes, the reform would affect their teaching style.

Bruce revealed,” I don’t, my teaching style is always evolving regardless.”
Frank stated, “I don't really know. I'm sure it will but I already use active learning in the class.”

Gail said, “I’ll have to be more organized and less flexible, especially when we have the TA’s lead the discussion section for one class each week. I will have less time to get the information to the students and will need to stick to my schedule.”

The second year only one instructor still thought that curriculum reform would not affect their teaching style and almost all instructors (7) said that the reform would affect their teaching style. 

Juanita said, “Not really because that’s you know that’s the whole, I don’t think it will change. I think it’s just going to change what percent is done outside of the class and what percent is done in the class.” 

When David was asked he said, “Well, just the shift in thinking of how the material is presented so focusing not only the students but my attention on the fact that these are connected concepts rather than individual bite-sized pieces of information and so like I said the same basic content but put into a different context. It can be very different and I think it is much more effective to think about, teach about it in that connected context that it is discrete pieces of information.”

The third year interviews recorded most instructors (7) commented on how the reform had affected their use of active learning, while one reported the reform did not impact his teaching style and that lack of change was due to their teaching changing prior to reform

Bruce still did not see the reform impacting his teaching style, “Not really. My teaching style has been evolving in this way already. 

Harold stated, “It’s basically hauled me out of my safety zone. Cause I like to lecture. I have fun. I’ve started using activities. I guess one other thing I've gotten better at is asking questions of the class and not answering it five seconds later myself.”

Ingrid said,” I think you know if we talk about awhile ago I was not doing any of this, learning, active learning. I was not thinking too much about it. I think a lot more about what I would like, I’m more purposeful in the way I design my class. I’m thinking more about what do I want the students to know so this backward design, I’m doing this a lot more.”
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Overall, the mixed methods analysis revealed one pattern of change: year one was very similar to year two in terms of the amount of time instructors spent in active learning, and year three was when instructor use of active learning began to increase. Active learning use was shown to significantly increase across the three years of curriculum reform when taking into account all three years, however there were no significant results when comparing just two years. Although comparing the first and third year did not reveal significant results, the average use of active learning in the lecture classes increased by 12% from the first year to the third year of reform, despite the loss of 1/3 of the class time. When lecture was paired with discussion, active learning overall significantly increased as did group active learning, the use of verbal questions, and the use of activities. The lecture discussions feature collaborative activities with groups reporting their experience and conclusions back to the class. In this sense it could be argued that the curriculum reform was a success in two respects: 1) any increase in active learning use in the classroom, whether statistically significant or not, is potentially meaningful to student learning outcomes, and 2) the instructors were able to maintain the use of active learning despite the pressures of losing instructional time to deliver content information. 
The interviews provided evidence for how such change was achieved. The qualitative analysis revealed shifts in how faculty defined, planned for, and implemented active learning in their classrooms. More faculty began to use learning objectives to align their course. Faculty also showed a change in how they conceptualized active learning across the years. Almost all instructors saw active learning as engaging or involving the students with the content in the first year of reform. During the second year, instructors began to build onto that definition by adding that active learning is interactive and students work together. In the third year, instructors also started to see active learning as a process where students are constructors of knowledge. Perhaps this shift helped lead to an acceptance that true reform would require pedagogical change. As faculty perceptions changed across the years, so did their use of active learning in terms of both the amount of class time spent in such events and the variety of active learning type used (i.e. group, activities).
The use of different types of active learning (group vs. individual; clickers, verbal questions, and activities) did reveal patterns of change across the reform though they were not significant statistically. However, instructors reported having their students work together in groups for the first time, “Having students discuss something is something I have never ever done before.” They also reported trying different active learning activities across the three years. One instructor that had solely used clickers in the first and second years of reform reported trying out an activity in his class during the third year, “Well, the activities. I did have at least two where I had them work and hand something in so that as well.” Add the thing here I said about that while these changes individually were not significant, that they accumulated to an overall impact. Make point that small shifts in practice can have big collective impacts. Maybe cite literature on change being hard and say we should emphasize small step-wise changes.
Part of this shift in faculty practices and beliefs may be attributed to the use of feedback and collaboration on the part of faculty throughout the reform process. The observation results were shared at the end of each semester so each instructor was aware of their own use of active learning and the use for the program as a whole. Through this feedback, instructors were also introduced to a variety of ways active learning was being implemented in the classroom.  They were asked to reflect on their own use of active learning at the end of each semester. They routinely met as a group where they were able to share ideas and resources. These meetings served to open up a dialogue between instructors. That alone has value and may be key to the long needed switch from advocating for active learning to implementing active learning (Freeman et al., 2014; Gormally, Evans, & Brickman, 2014). 
Although faculty were able to increase their use of active learning and maintain this increase when losing instructional time, the first two years of this study showed extremely similar and sometimes identical numbers.  The shifts in use of active learning started slowly and then gained momentum in the third year. This may be due to instructor need for time to think about and process change. In the same way that students need time to process and construct new information, processing time may be an important factor in achieving pedagogical shifts in faculty instruction and may require a shift in how instructors define active learning. Having a supportive group may be instrumental in persevering with pedagogical shifts and opportunities to practice new skills as faculty may want to abandon efforts when change does not happen instantly. 
One limitation of this study was that the quality of the active learning that occurred in the classroom was not assessed. This will be a necessary next step in the future in order to better understand how active learning implmentation is vital in achieving improvements in student outcomes (Andrews, Leonard, Colgrove, & Kalinowski, 2011). Another limitation was the number of observations. The specific active learning techniques used can fluctuate as the course moves through different topics of study, and so three classroom visits may not accurately capture the true nature of active learning use in each class. 
	Instructional change is possible, though this study suggests that it may require time for the changes that have been discussed to take effect. A recommendation for departments that wish to align their instruction with best practices is to do it collaboratively. Faculty should meet regularly and talk about what happens in their classroom, share ideas and resources, discuss relevant literature, have observations performed and shared, and use the feedback to further the changes they wish to implement. 
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Instructor Interview Questions

1. Will you give me a brief history of your training and experience related to teaching?

2. What courses are you currently teaching?

3. What are you goals for the course?

4. Will you walk me through the process of designing an average class within your course?

5. What does active learning mean to you?

6. When you are designing a class for your course, do you think about how to integrate active learning? 

7. What types of active learning do you use in your course?

8. What would you estimate is the percentage of class time you spend in active learning activities?

9. Besides active learning, what other strategies do you use to help your students learn?

10. Tell me about your perception of the course, what is working, what isn’t?

11. What would you like to change about your course in the future?

12. What are your thoughts on curriculum reform?

13. How do you see curriculum reform affecting your teaching style?

14. Do you have any other thoughts on the course you would like to share?
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CURRICULUM ALIGNMENT WITH VISION AND CHANGE IMPROVES STUDENT SCIENTIFIC LITERACY
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Scientific literacy can be described as the knowledge and understanding of scientific concepts and processes (NCES, 2011). Scientific literacy has been advocated as a necessary outcome of a science degree to produce a workforce capable of the technology comprehension and national competitiveness needed to handle current social, economic, and environmental challenges of today’s society (AAAS, 2011). Given this, building scientific literacy skills within science majors should be a major focus in science curriculums. The Vision and Change final report (AAAS, 2011) recommends restructuring introductory biology curriculums in a way that unifies biological core concepts with core competencies and implementing such changes using student-centered or active learning practices. 
Although many call for the inclusion of scientific literacy skills in any science curriculum (AAAS, 2011; NRC, 2004), fewer report the gain in and the retention of these proficiencies. The acquisition of scientific literacy is important for the biology graduates of today, but so is the retention of these skills, as they are needed after graduation when students become citizens and begin careers. There are not many studies that assess student scientific literacy and even fewer that look at the retention of such skills despite the agreement from policy makers, educators, and researchers that these skills are an important goal with in science education. 
Although few, there are studies have investigated student outcomes of or related to scientific literacy. These studies have focused on student analysis of primary literature (Kozeracki et al., 2006) and scientific writing tasks (Jerde & Taper, 2004). Porter et al. (2010) assessed information and scientific literacy after developing exercises targeting the integration of these skills for use in a first-year biology course with positive results. Gormally, Brickman, & Lutz (2012) showed that students experiencing a project-based course nonmajors course had higher gains in scientific literacy compared to a traditional nonmajors course. However, retention of such skills was not investigated. It is imperative that colleges and universities assess the competencies of their students and not merely rely upon grades and exam scores as a proxy for student learning of science skills. 

Context of the Study
This study took place at a public southeastern university undergoing a curriculum reform within the science majors’ introductory biology sequence. The sequence was composed of two courses: one that focused on topics of cell biology and the other on organismal biology. The curriculum reform was focused on transforming these two courses in order to bring them into alignment with the recommendations with the Vision and Change final repost (AAAS, 2011). Prior to the reform, the courses were each taken for 4-credit hours, met for 150 minutes each week, and had an associated 3-hour weekly lab taught by graduate teaching assistants (GTAs). After the reform, the labs were separated from the courses and combined to form its own independent course worth 2-credit hours that consisted on a 3-hour weekly lab and a discussion section focused on process of science skills. The two lecture courses were reduced to 3-credit hours each and met for 100 minutes per week within lecture and 50 minutes per week within new GTA-led scientific literacy discussion sections. These scientific literacy discussion sections were specifically designed to build core competencies such as applying the process of science, using quantitative reasoning, and modeling. The discussions also required the use of active learning practices as recommended by the Vision and Change final report (AAAS, 2010) when implemented into the classroom.
The discussion curricula were designed using a community approach (Reference NSF grant?). Members of the community included faculty, postdocs, graduate and undergraduate students from biology. The community worked in groups over the 2013-2014 school year to plan the new curriculum with a focus on process of science skills and utilizing primary literature. Many researchers call for the inclusion of information literacy skills in order to achieve scientific literacy skills (Glynn & Muth, 1994; Firooznia & Andreadis, 2006). The skills in these discussion sections are developed in a scaffolding process that eases students into the process of science and building information and scientific literacy skills as they progress throughout the semester. 
The activities within the curriculum were planned in a way that requires active learning implementation from the instructor where the students are in charge of their own learning and participate in student collaboration.  A meta-analysis conducted by Freeman et al., (2014) found that active learning increases course performance for students in engineering, science, and mathematics. Although a large body of literature from different fields supports active learning, active learning in the classroom does not always result in significant differences in student outcomes such as on-task behavior, exam grades, and failure rates (Taylor, Smith, van Stolk, & Spiegelman, 2010). However, active learning may result in better retention of understanding the material than traditional lecture and would require a time delay in the measurement of student outcomes to show any difference (Derting & Ebert-May, 2010; Dougherty, et al., 1995). 
It is important to assess the gain and retention of scientific literacy skills in order to evaluate the effectiveness of these discussion sections. This study compared the gains in and retention of scientific literacy skills for students in the 2013-2014 courses (did not experience scientific literacy discussions) with students from the 2014-2015 cohort (experienced discussion). This study answered the following questions:

1. Does the curriculum alignment with Vision and Change competencies result in a higher gain of scientific literacy skills for students?
1. Does the curriculum alignment with Vision and Change competencies result in a higher retention of scientific literacy skills for students?
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Participants
The participants were undergraduate students at a public southeastern university. The participants included all students that registered for the majors’ introductory biology sequence in the 2013 – 2014 and 2014 – 2015 academic years. All students present in the two courses on the days the assessment was given were potential participants, but only those that took both the pretest assessment at the beginning of the first course and the posttest assessment at the end of the second course were included in the results. A total of 305 participants were included with 156 from the first cohort and 149 from the second. The participants included 18.8% of the students identifying as ethnic/racial minorities, which is representative of the overall student body of the institution and 56% of the students identifying as female which is slightly higher than the overall student population (49%). The two cohorts did not differ in terms of gender, ethnicity, or year in school. Most (59.1%) students were first-year freshman. There were also sophomores (24.7%), juniors (11.1%) , and seniors (3%) included in the sample. 
The first cohort experienced the curriculum prior to the reform. These students were enrolled in the courses with associated lab sections. The second cohort experienced the reformed curriculum where newly designed discussion sections were associated with the courses and the lab served as its own course. Student participation was voluntary. The Institutional Revenue Board approved this research.

Instruments
The Test of Scientific Literacy Skills (TOSLS; Gormally, Brickman, & Lutz, 2012) is a fixed choice (multiple choice) instrument with one defined correct answer for each of the 28 questions. The assessment was developed and validated in an iterative process beginning in 2010. The TOSLS assesses nine skills that all contribute to the construct of scientific literacy and has a reliability estimate that is above 0.70 using the Kuder-Richardson Formula 20 (KR-20). Due to time constraints for assessment associated with this study, only a portion of the TOSLS was used. Only a portion of class time, 20 minutes, was able to be used for testing. The original 28 question test was designed to be implemented within 35 minutes. In keeping with the same average time allowance per question, 16 items were chosen to be included (Appendix A). These questions were selected by faculty choosing the skills that best represented the competencies outlined in the Vision and Change final report (AAAS, 2010) that were integrated into the new curriculum for the introductory sequence, including: make a graph, interpret a graph, solve problems using quantitative skills, understand and interpret basic statistics, and justify conclusions based on quantitative data and selecting individual questions within those skills. Student scores on the TOSLS assessment calculated by adding the number of correct survey item responses and student scores ranged from 0 – 16 (0% – 100%).

Implementation
Both cohorts were assessed for scientific literacy at three different time points: the beginning of fall semester, the end spring semester, and the fall semester following completion of the sequence (Table 2). The first cohort took the pretest during their first lab class period within the first course while the second cohort took theirs within their first discussion class period of the first course. The first cohort took the posttest during their last lab class period within the second course while the second cohort took theirs within their last discussion class period of their second course. All administrations were performed at the beginning of class. The graduate teaching assistants (GTAs) assigned to the courses administered the pre- and post-assessments, due to concurrent instructional times, by using a scripted introduction and set of instructions for implementation day. The GTAs were shown the survey implementation within their weekly GTA meetings. All results were sealed in an envelope, immediately collected, and only viewed by first author. 
[bookmark: _Toc444171723]Table 6. Schedule of TOSLS
	Group
	Fall 2013
	Spring 2014
	Fall 2014
	Spring 2014
	Fall 2015

	2 courses/2labs 
0 Discussions
 
	Pre (1)
	Post (2)
	Retention (3)
	
	

	2 courses/1 lab 
3 Discussions 
	
	
	Pre (1)
	Post (2)
	Retention (3)



Long-term retention of information and course material in undergraduates has been assessed 21 days following an intervention (O’Day, 2007), four months later (Crossgrove & Curran, 2008), and as long as three years later (Derting & Ebert-May, 2010). This study featured a mid-length retention testing time of four months (one semester) to ensure enough time for retention, as well as prevent loss of participants form the research project. 
The retention TOSLS was given at the beginning of Genetics, Microbiology, and General Ecology courses in the first class period of the associated lab and discussion sections because these sophomore level courses that biology majors would progress into after completing the introductory sequence. Retention tests were given to students by the first author. This method produced a very low number of matches (20 out of the 156 matched pre-post). Many students in the majors’ intro class are not biology but rather in pre-professional programs and spend their sophomore year proceeding through different courses. In an effort to increase the power of the retention measurement for the second cohort, a different recruitment approach was used for 2014 – 2015. These matched students (N = 149) were emailed and invited to participate in an assessment of scientific literacy for the Division of Biology. All participating students were given a $10 credit on their student account for completion of the survey. Although this method resulted in more participants (N = 50), it still did not produce a retention measure for the majority (66%) of the sample. 

Data Analysis
Student pre and post score data was matched using student identification numbers and not names. All non-matching data (e.g., a student who took the pre- and not post-test) was excluded from the analysis. Next, demographics for students in the sample were matched and recorded. Finally, to make sure we were comparing the full intro sequence each year, students in the second cohort that did not self-report taking the lab course (BIO 159) were also excluded from the final sample. Student retention scores were matched to pre-post score data also using the student identification numbers and not names. Eight participants were eliminated from the second cohort’s retention sample as they completed the survey in less than five minutes, which is not enough time to read the assessment therefore the responses were judged as not representative of student scientific literacy retention. Two sets of data were used in the analysis: pre-post matches, and pre-post-retention matches. 
The data were then checked to ensure all values were within the specified range of 0-16, assessed for normality, and assessed for outliers. The overall gain variable from pretest to posttest contained outliers. The outliers were modified to one unit away from three standard deviations from the mean. Analysis was conducted using SPSS software. To answer the specific research questions, the data were analyzed in the following ways:
Using the data of pre-post matches only, the gain in scores for each cohort from pretest to posttest was calculated by using a standardized formula: (posttest – pretest)/ posttest. The two cohorts were then compared using an independent measures two-tailed t-test with the standardized gain in TOSLS scores as the dependent variable and cohort as the independent variable. To determine if there was a difference in gain by skill, the data were compared by grouping the questions into skills and the comparing the overall gains within each skill using an independent measures two-tailed t-test with the standardized gain in scores of each skill as the dependent variables and cohort as the independent variable. In order to measure the strength of the relationship between the curriculum change and scientific literacy skills, an effect size was calculated for significant results using Cohen’s D (Cohen, 1988) as it is an appropriate measure for comparing groups of equal size and variances using a t-test (Middlemis, Markey, & Ebert-May, 2013).
Student gain was also compared using student demographics to ensure equity among students. Due to low numbers within the category of ethnicity, the variables were reduced to white and non-white students. An independent measures two-tailed t-test with gender (male/female) and ethnicity (white/non-white) as the independent variables and scientific literacy gain as the dependent measure was calculated. A one-way analysis of variance (ANOVA) was used to determine if there were differences in scientific literacy gain for students by year in school. 
Using data of pre-post-retention matches, an analysis of covariance (ANCOVA) with post-test score as a covariate and retention score as a dependent variable was calculated to determine if there was a difference in retention of scientific literacy skills between the cohorts. To determine if there was a difference in retention by skill between the cohorts, an ANCOVA was used to compare retention scores for questions by skill after controlling for differences in skill posttest scores. Student retention was also compared using an independent measures two-tailed t-test with gender and ethnicity as the independent variables. An ANOVA was used to determine if there were differences in scientific literacy retention for students by year in school. 
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Not all students that took the pretest (N1 = 610; N2 = 602) also took the posttest (N1 = 490; N2 = 394). However, both cohorts had similar numbers of students were matched (N1 = 156; N2 = 149) for completing both the pretest and posttest. Of the matched students, both cohorts had low numbers of students that were also measured for retention (N1 = 20; N2 = 50). For each administration of the TOSLS, a KR-20 was calculated and ranged from 0.55 – 0.66.
The cohort experiencing the discussion sections had significantly higher gains pretest to posttest in scientific literacy (M =0.07, SD = 0.27) compared to the cohort that did not experience the discussions (M = 0.15, SD = 0.25), t(303) = -2.751, p = .006, although the effect size was small (D = 0.32; Figure 1). There were no differences in gain of scientific literacy skills for students when comparing gender and ethnicity. There were also no differences in gain between students in different years in school. 
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The discussions cohort showed significant gains in 6 of the 7 skills comparing pre to post, while the no discussion cohort only showed significant gains in 4 of the 7 skills. However, when comparing gains between the cohorts, the no discussion cohort (M = 21, SD = 3.2) had higher gains than the discussion cohort (M = 13, SD = 3.7) in the skill of argument, t(303) = 2.282, p = 0.023. The no discussion cohort (M = 8.3, SD = 4.2) also showed greater gains that the discussion cohort (M = -2.7, SD = 4.2) in statistics, t(303) = 2.168, p = 0.031. Although both results had small effects (D = 0.26; D = 0.23). The discussion cohort showed a larger gain than the no discussion cohort in the skill of research design, t(303) = -8.825, p = 0.000, which had a large effect size, D = 1.02 (Figure 2).  
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There were no significant differences in overall retention of scientific literacy between the cohorts (Figure 3), although the discussion cohort had a slightly higher retention score average once the means were adjusted for the posttest score (72%) than the no discussion cohort (68%). There were no differences in scientific literacy retention for students when comparing gender, ethnicity, or year in school.
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	When comparing cohorts’ retention scores of scientific literacy by specific skills after adjusting for posttest scores, there was only one difference. The discussion cohort scored significantly higher on the retention measure in in the skill of research design when compared to the no discussion cohort, F(69) = 6.167, p = 0.016, 2 = 0.084, power = 0.687 (Figure 4). There were no differences in retention of scientific literacy by skill for students when comparing gender and ethnicity. There were also no differences in retention by skills between students in different years in school.
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[bookmark: _Toc444171700]Figure 7. Comparison of cohorts' retention by skill.
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Previous studies of scientific student outcomes (Jerde & Taper, 2004; Kozeracki et al., 2006) have shown that when specific student educational outcomes are desired, curricula designed to explicitly target those outcomes are successful. Porter et al. (2010) found that students improved their information literacy and scientific literacy skills after participating in exercises targeting those specific skills. Our results have added to this literature base, as well as provided evidence for the effectiveness of curricula aligned with the competencies described within the Vision and Change final report (AAAS, 2011) by including a comparison student group. Indeed, if we want students to gain a particular set of skills we must intentionally design the curriculum to do so. 
Students experiencing the discussions had a significantly higher gain in scientific literacy compared to the students that did not experience the discussions. While both groups of students experienced gains in scientific literacy pretest to posttest, greater overall gains were achieved by the students that experienced the curriculum designed to align with the Vision and Change competencies (AAAS, 2011). These students were also able to retain their gains as measured by the retention assessment. This means the reformed curriculum students not only experienced greater gains in scientific literacy, but they were also able to retain the greater gains experienced. Scientific literacy is an important skill to foster within science graduates as it is not only used for scientific careers, but also in real-world every day scenarios that require evaluating data and using it to make informal decisions (AAAS, 2011), therefore student retention of what they learn in school is important. 
When looking at specific skills, there were two skills in which the cohort without discussion experienced greater gains: statistics and argument. While students showed a gain in statistics for both cohorts, the gain for the discussion cohort was not as great as the gain for the no discussions cohort. The statistics skill was only addressed in the lab for both cohorts which was reduced from two semesters for the no discussions cohort down to one semester for the discussions cohort, meaning that the discussion cohort experienced half the time with statistics as the no discussions cohort. Many students have their first experience with statistics in these courses and therefore repetition may be an important factor for our students to learn these skills. The cohorts demonstrated gains in statistics that were relative to their time in lab with the no discussion cohort experiencing twice the lab time and one and a half times the gains compared to the discussions cohort. However, the standardized gain in scientific literacy for this skill was not different between students in the discussion cohort that took the BIO 159 lab (N = 149) and students that did not (N = 32). Similarly, the ability to identify a valid scientific argument was chosen by faculty as an important part of student scientific literacy, yet the discussion section displayed a slight but not significant decrease in that ability after experiencing the new curriculum. Although the discussions cohort experienced a gain decrease in argument compared to a gain increase for no discussions cohort, this difference disappeared when measuring retention. The discussion cohort showed a greater gain related to research design that the no discussion cohort. The discussion cohort also demonstrated a greater retention of research design skills. This is not surprising as this skill is a basis of the discussion sections designed with the process of science in mind.
While these results are encouraging of curriculum reform, there are some limitations. Confounding effects may exist from the addition of discussions being implemented at the same time that lab time was reduced. In addition, the numbers of participants within the retention sample make it hard to the students within our sample not to mention all science major students. There were also differences in the methods used to obtain the retention data. The first cohort was assessed in the science courses that were thought to follow the major sequence while the second cohort was targeted specifically using email and incentive of monetary credit on their student cards.  This was done in order to generate a larger sample to compare to future generations, but it should be noted that there are likely differences in the student retention sample. Students that take a test as part of the class work in a sophomore level biology course may be very different from students that are given an incentive to test. Therefore, there may be a higher or lower retention of scientific literacy for students in the discussion sections that this study was unable to capture. There are also limitations within the instrument itself as the entire validated instrument was not used. 
Despite limitations, assessing the effectiveness of curricula is necessary in able to ensure that students are achieving the intended outcomes of a course. These data provide information to educators about the acquisition of scientific literacy within their students as well provides feedback about adjustments needed within the curriculum. Specifically, that students are not showing that they can achieve the same gain in statistics skills when they spend half the time developing those skills. Faulty must remain committed to improving the introductory majors sequence in order to produce scientifically literate graduates and continue to improve the curriculum for students of tomorrow. 
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Test of Scientific Literacy Skills

Directions: There are 16 multiple-choice questions. You will have about 20 minutes to work on the questions. Be sure to answer as many of the questions as you can in the time allotted. You will receive attendance points for completing the entire assignment today. Your grade will depend on completeness and thoroughness, not on correct answers. But, try your best, your honest answers will help us better prepare the materials for the remainder of the semester.

Mark your answers on the scantron  sheet. 
Bubble in your #ID on your scantron.
Do NOT write on the test.
Do NOT use a calculator. Thank you for your participation in this project!

1. Which of the following is a valid scientific argument?
a. Measurements of sea level on the Gulf Coast taken this year are lower than normal; the average monthly measurements were almost 0.1 cm lower than normal in some areas. These facts prove that sea level rise is not a problem.
b. A strain of mice was genetically engineered to lack a certain gene, and the mice were unable to reproduce. Introduction of the gene back into the mutant mice restored their ability to reproduce. These facts indicate that the gene is essential for mouse reproduction.
c. A poll revealed that 34% of Americans believe that dinosaurs and early humans co-existed because fossil footprints of each species were found in the same location. This widespread belief is appropriate evidence to support the claim that humans did not evolve from ape ancestors.
d. This winter, the northeastern US received record amounts of snowfall, and the average monthly temperatures were more than 2°F lower than normal in some areas. These facts indicate that climate change is occurring.

2. While growing vegetables in your backyard, you noticed a particular kind of insect eating your plants.
[image: ]You took a rough count (see data below) of the insect population over time. Which graph shows the best representation of your data?





















Time (days)

Insect Population (number)

2	7
4	16
8	60
10	123






3. A study about life expectancy was conducted using a random sample of 1,000 participants from the United States. In this sample, the average life expectancy was 80.1 years for females and 74.9 years for males. What is one way that you can increase your certainty that women truly live longer than men in the United States’ general population?
a. Subtract the average male life expectancy from the average female expectancy. If the value is positive, females live longer.
b. Conduct a statistical analysis to determine if females live significantly longer than males.
c. Graph the mean (average) life expectancy values of females and males and visually analyze the data.
d. There is no way to increase your certainty that there is a difference between sexes.



4. Which of the following research studies is least likely to contain a confounding factor (variable that provides an alternative explanation for results) in its design?
a. Researchers randomly assign participants to experimental and control groups. Females make up 35% of the experimental group and 75% of the control group.
b. To explore trends in the spiritual/religious beliefs of students attending U.S. universities, researchers survey a random selection of 500 freshmen at a small private university in the South.
c. To evaluate the effect of a new diet program, researchers compare weight loss between participants randomly assigned to treatment (diet) and control (no diet) groups, while controlling for average daily exercise and pre-diet weight.
d. Researchers tested the effectiveness of a new tree fertilizer on 10,000 saplings. Saplings in the control group (no fertilizer) were tested in the fall, whereas the treatment group (fertilizer) were
tested the following spring.

Background for question 5: The following graph appeared in a scientific article1 about the effects of pesticides on tadpoles in their natural environment.
[image: ]

5. When beetles were introduced as predators to the Leopard frog tadpoles, and the pesticide Malathion was added, the results were unusual. Which of the following is a plausible hypothesis to explain these results?
a. The Malathion killed the tadpoles, causing the beetles to be hungrier and eat more tadpoles.
b. The Malathion killed the tadpoles, so the beetles had more food and their population increased.
c. The Malathion killed the beetles, causing fewer tadpoles to be eaten.
d. The Malathion killed the beetles, causing the tadpole population to prey on each other.



1 Modified from Relyea, R.A., N.M. Schoeppner, J.T. Hoverman. 2005. Pesticides and amphibians: the importance of community context. Ecological Applications 15: 1125-1134



6. Which of the following is the best interpretation of the graph below2?

Type A




32%






4%







40%



Lymphoma Carcinoma
Adenoma, Lung
Sacoma

Sarcoma

Type B











73%




18%



9%

8%
16%

No tumor


Tumors found in type A and type B mice. Pie chart depicts relative incidence of tumors. Numbers outside each slice denote the percentage of specific tumor type.

a. Type “A” mice with Lymphoma were more common than type “A” mice with no tumors.
b. Type “B” mice were more likely to have tumors than type “A” mice.
c. Lymphoma was equally common among type “A” and type “B” mice.
d. Carcinoma was less common than Lymphoma only in type “B” mice.




2 Modified from Wang, Y., S. Klumpp, H.M. Amin, H. Liang, J. Li, Z. Estrov, P. Zweidler-McKay, S.J.Brandt, A. Agulnick, L. Nagarajan. 2010. SSBP2 is an in vivo tumor suppressor and regulator of LDB1 stability. Oncogene 29: 3044-3053.



7. Researchers found that chronically stressed individuals have significantly higher blood pressure compared to individuals with little stress. Which graph would be most appropriate for displaying the mean (average) blood pressure scores for high-stress and low-stress groups of people?


Average Systolic Blood Pressure for High-Stress versus Low-Stress Groups
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[image: ]Background for question 8: Energy efficiency of houses depends on the construction materials used and how they are suited to different climates. Data was collected about the types of building materials used in house construction (results shown below). Stone houses are more energy efficient, but to determine if that efficiency depends on roof style, data was also collected on the percentage of stone houses that had either shingles or a metal roof.

8. What proportion of houses were constructed of a stone base with a shingled roof?
a. 25%
b. 36%
c. 48%
d. Cannot be calculated without knowing the original number of survey participants.








9. Which of the following is the most accurate conclusion you can make from the data in this graph3?

[image: ]
a. The largest increase in meat consumption has occurred in the past 20 years.
b. Meat consumption has increased at a constant rate over the past 40 years.
c. Meat consumption doubles in developing countries every 20 years.
d. Meat consumption increases by 50% every 10 years.

10. Two studies estimate the mean caffeine content of an energy drink. Each study uses the same test on a random sample of the energy drink. Study 1 uses 25 bottles, and study 2 uses 100 bottles. Which statement is true?
a. The estimate of the actual mean caffeine content from each study will be equally uncertain.
b. The uncertainty in the estimate of the actual mean caffeine content will be smaller in study 1 than in study 2.
c. The uncertainty in the estimate of the actual mean caffeine content will be larger in study 1 than in study 2.
d. None of the above

11. A hurricane wiped out 40% of the wild rats in a coastal city. Then, a disease spread through stagnant water killing 20% of the rats that survived the hurricane. What percentage of the original population of rats is left after these 2 events?
a. 40%
b. 48%
c. 60%
d. Cannot be calculated without knowing the original number of rats.





3 Modified from Rosenthal, Elizabeth. 2008. As More Eat Meat, a Bid to Cut Emissions. New York Times, December 3, 2008. Accessed June 9, 2011 http://www.nytimes.com/2008/12/04/science/earth/04meat.html



Background for question 12: A videogame enthusiast argued that playing violent video games (e.g., Doom, Grand Theft Auto) does not cause increases in violent crimes as critics often claim. To support his argument, he presents the graph below. He points out that the rate of violent crimes has decreased dramatically, beginning around the time the first “moderately violent” video game, Doom, was  introduced.

[image: ]

12. Considering the information presented in this graph, what is the most critical flaw in the blogger’s argument?
a. Violent crime rates appear to increase slightly after the introduction of the Intellivision and SNES game systems.
b. The graph does not show violent crime rates for children under the age of 12, so results are biased.
c. The decreasing trend in violent crime rates may be caused by something other than violent video games
d. The graph only shows data up to 2003. More current data are needed.

13. A gene test shows promising results in providing early detection for colon cancer. However, 5% of all test results are falsely positive; that is, results indicate that cancer is present when the patient is, in fact, cancer-free. Given this false positive rate, how many people out of 10,000 would have a false positive result and be alarmed unnecessarily?
	a.
	5

	b.
	35

	c.
	50

	d.
	500





14. Why do researchers use statistics to draw conclusions about their data?
a. Researchers usually collect data (information) about everyone/everything in the population.
b. The public is easily persuaded by numbers and statistics.
c. The true answers to researchers’ questions can only be revealed through statistical analyses.
d. Researchers are making inferences about a population using estimates from a smaller sample.

15. A researcher hypothesizes that immunizations containing traces of mercury do not cause autism in children. Which of the following data provides the strongest test of this hypothesis?
a. a count of the number of children who were immunized and have autism
b. yearly screening data on autism symptoms for immunized and non-immunized children from birth to age 12
c. mean (average) rate of autism for children born in the United States
d. mean (average) blood mercury concentration in children with autism




Background for question 16: Researchers interested in the relation between River Shrimp (Macrobrachium) abundance and pool site elevation, presented the data in the graph below. Interestingly, the researchers also noted that water pools tended to be shallower at higher elevations.Mean # of shrimp per pool






























16. Which of the following is a plausible hypothesis to explain the results presented in the graph?

a. There are more water pools at elevations above 340 meters because it rains more frequently in higher elevations.
b. River shrimp are more abundant in lower elevations because pools at these sites tend to be deeper.
c. This graph cannot be interpreted due to an outlying data point.
d. As elevation increases, shrimp abundance increases because they have fewer predators at higher ele
[bookmark: _Toc444172206][bookmark: _Toc444174600]CONCLUSION

I will not number my introduction so I will not number my conclusion, but I need to add one. 
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