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EXECUTIVE SUMMARY 

Project Overview 

“Change at the Core: A Collaborative Model for Undergraduate STEM Education Reform”     

(C-Core) was a multi-disciplinary, inter-institutional project that aimed to transform 

undergraduate STEM education at Skagit Valley College (SVC), Western Washington 

University (WWU), and Whatcom Community College (WCC) from a teacher-centered to a 

student-centered learning paradigm.  The overarching goal of this transformation was to foster 

improvements in student engagement, learning, and success, particularly for students historically 

underrepresented in STEM.   

The C-Core theory of change was that creating a critical mass of faculty fluent in the use of 

evidence-based teaching practices would lead to a within- and cross-institution culture that 

transforms passive, lecture-dominated STEM courses to active, student-centered learning 

environments.  Thus, the project intended for participating faculty to become change agents who 

promote uptake and continuous improvement of these practices within their departments.  

Further, the cross-institutional approach was intended to facilitate rapid progress in improving 

and aligning undergraduate courses and teaching practices at the three partner institutions, as a 

substantial number of STEM majors at WWU begin their college careers at either SVC or WCC.  

As a result of this work, the project planned to synthesize lessons learned into products that 

could be shared with researchers at other institutions working towards similar outcomes.   

The project involved three cohorts of faculty members from a variety of STEM academic 

departments.  Cohort 1, composed of 40 individuals from the biology, chemistry, environmental 

science, and geology departments, joined the project in the winter of 2014.  Cohort 2, composed 

of 27 faculty members from the computer science, engineering, mathematics, and physics/

astronomy departments, joined the project in the winter of 2015.  In the summer of 2016, Cohort 

3 began, with 39 faculty members from departments already represented in Cohorts 1 and 2. 

C-Core implemented a two-part faculty development plan that combined professional 

development (PD) workshops with Professional Learning Communities (PLCs).  Participants in 

Cohort 1 and Cohort 2 participated in multiple PD sessions at WWU, including one-day 

academic year workshops (fall, winter, and spring) and multi-day summer institutes in each year 

of their two-year cycle.  These faculty members were also organized into discipline-specific 

PLCs within their cohorts, which were encouraged to meet multiple times each quarter.  Cohort 3 

participants had a slightly different experience as they received a condensed version of the PD 

sessions and were integrated into existing PLCs with their Cohort 1 and Cohort 2 colleagues. 
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Description of the Evaluation  

Horizon Research, Inc. (HRI) conducted the external evaluation of the C-Core project.  The 

evaluation, which was designed to complement the project’s own research, was both formative 

and summative.  The formative evaluation focused on monitoring the quality of the PD 

workshops offered to participants and providing feedback to help the project make any needed 

mid-course corrections.  The summative evaluation examined the impact of C-Core on STEM 

teaching and learning at partner institutions. 

Over the span of the project, HRI addressed the two components of the evaluation in a number of 

ways.  To assess the quality of the PD provided to C-Core participants, HRI observed samples of 

the workshops, administered post-workshop surveys, and conducted interviews with samples of 

participating faculty members and department/division chairs.  During the final year of the 

project, the evaluation shifted to focus mainly on project impacts.  HRI conducted the following 

activities between October 2016 and August 2017, listed chronologically:   

 

 Administered an annual survey for a fourth time to all STEM faculty members across 

the three partner institutions focused on the current status of teaching and learning 

and faculty collaborations.  

 Conducted one-on-one interviews with C-Core participants focused on the impact of 

the project on their teaching and challenges they have encountered in trying to 

implement new instructional strategies.  

 Conducted one-on-one interviews with department/division chairs focused on the 

impact of the project on teaching and learning in their department.  

 Conducted one-on-one interviews with members of the C-Core leadership team 

focused on project impacts, sustainability, and lessons learned. 

Evaluation Findings 

C-Core made a great deal of progress toward transforming undergraduate STEM education at 

SVC, WCC, and WWU, with measurable impacts in a number of areas.  One such area in which 

it was able to bring about changes was in relation to faculty collaboration.  Social network data 

suggest that faculty members are increasingly collaborating with one another, particularly in 

relation to student learning.  Although cross-institution collaboration is limited, intra-institutional 

collaboration is taking place, with particularly large increases in collaboration seen at SVC and 

WCC.   
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The project also impacted faculty members’ beliefs about and feelings of preparedness to use 

reform-oriented teaching practices. Significant increases were seen over time in faculty 

members’ beliefs about the importance of various reform-oriented teaching practices (e.g., 

asking students to support their conclusions and/or claims about an idea with evidence, helping 

students apply concepts they have learned in new or different contexts) and in their feelings to 

use these practice.  Although the project hoped to also impact faculty members’ beliefs about 

learning-theory-aligned and confirmatory instruction, no significant changes were seen.  It 

appears that faculty initially held many beliefs consistent with what is known about how people 

learn, leaving little room for growth over time.  Additionally, given that confirmatory instruction 

is a longstanding and widespread practice in STEM education, it is perhaps not surprising that 

faculty were slow to let go of those beliefs in a relatively short timeframe. 

 

Evaluation data indicate that the project was also able to have an impact on the extent to which 

faculty integrate reform-oriented practices into their instruction.  Faculty are increasingly using 

these practices over time, with apparent increases in particular strategies, including student-

centered teaching strategies and elicitation of student understanding prior to instruction on that 

idea. 

 

Another area of project emphasis was on supporting the creation of inclusive classroom cultures.  

Although there is still room for progress in this area, interview data suggest that faculty are 

becoming increasingly aware of the needs of diverse groups of students and are taking some 

steps to change their  practices to meet these needs. 

 

Recognizing that transforming STEM instruction is an enormous undertaking, the project 

attended to factors that not only served to support faculty in changing their teaching, but also 

those that could potentially act as barriers to these changes.  Encouragingly, faculty members 

generally perceived fewer barriers to using reform-oriented teaching practices in 2017 than they 

did in 2014.  However, survey data also indicate that some barriers still exist, including 

classroom configurations, lack of time, and expectations for content coverage by others in their 

departments. 

 

As C-Core comes to a close, project leaders have turned an eye toward dissemination.  This 

process includes reflecting on gains that have been made in targeted areas, assessing efforts 

being taken to maintain these  gains, reflecting on what the project could have done differently to 

bring about even greater gains, and sharing the lessons learned more broadly.   
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INTRODUCTION 

Project Overview 

“Change at the Core: A Collaborative Model for Undergraduate STEM Education Reform”     

(C-Core) was a multi-disciplinary, inter-institutional project that aimed to transform 

undergraduate STEM education at Skagit Valley College (SVC), Western Washington 

University (WWU), and Whatcom Community College (WCC) from a teacher-centered to a 

student-centered learning paradigm.  The overarching goal of this transformation was to foster 

improvements in student engagement, learning, and success, particularly for students historically 

underrepresented in STEM.   

The C-Core theory of change was that creating a critical mass of faculty fluent in the use of 

evidence-based teaching practices would lead to a within- and cross-institution culture that 

transforms passive, lecture-dominated STEM courses to active, student-centered learning 

environments.  Thus, the project intended for participating faculty to become change agents who 

promote uptake and continuous improvement of these practices within their departments.  

Further, the cross-institutional approach was intended to facilitate rapid progress in improving 

and aligning undergraduate courses and teaching practices at the three partner institutions, as a 

substantial number of STEM majors at WWU begin their college careers at either SVC or WCC.  

As a result of this work, the project planned to synthesize lessons learned into products that 

could be shared with researchers at other institutions working towards similar outcomes.   

The project involved three cohorts of faculty members from a variety of STEM academic 

departments.  Cohort 1, composed of 40 individuals from the biology, chemistry, environmental 

science, and geology departments, joined the project in the winter of 2014.  Cohort 2, composed 

of 27 faculty members from the computer science, engineering, mathematics, and 

physics/astronomy departments, joined the project in the winter of 2015.  In the summer of 2016, 

Cohort 3 began, with 39 faculty members from departments already represented in Cohorts 1 and 

2. 

C-Core implemented a two-part faculty development plan that combined professional 

development (PD) workshops with Professional Learning Communities (PLCs).  Participants in 

Cohort 1 and Cohort 2 participated in multiple PD sessions at WWU, including one-day 

academic year workshops (fall, winter, and spring) and multi-day summer institutes in each year 

of their two-year cycle.  These faculty members were also organized into discipline-specific 

PLCs within their cohorts, which were encouraged to meet multiple times each quarter.  Cohort 3 

participants had a slightly different experience as they received a condensed version of the PD 

sessions and were integrated into existing PLCs with their Cohort 1 and Cohort 2 colleagues. 
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Description of the Evaluation  

Horizon Research, Inc. (HRI) conducted the external evaluation of the C-Core project.  The 

evaluation, which was designed to complement the project’s own research, was both formative 

and summative.  The formative evaluation focused on monitoring the quality of the PD 

workshops offered to participants and providing feedback to help the project make any needed 

mid-course corrections.  This component of the evaluation was guided by the following 

questions: 

1. What are participants’ perceptions of the quality of the PD sessions? 

2. To what extent do the PD sessions deepen participants’ understanding of: 

a. learning theory; 

b. student-centered curriculum; 

c. student-centered instruction;  

d. factors that affect student learning; 

e. what constitutes evidence of student thinking; and 

f. ways to support underrepresented students in STEM majors? 

3. To what extent do the PD sessions prepare participants to begin to: 

a. change their instructional practices; 

b. change their assessment practices; and 

c. support the success of underrepresented students in STEM majors? 

   

The summative evaluation examined the impact of C-Core on STEM teaching and learning at 

partner institutions, in order to address additional questions: 

4. What is the impact of the project on a shared vision by administrators and faculty 

about what constitutes effective STEM teaching and learning? 

5. What is the impact of the project on faculty understanding of, preparedness to use, 

and use of best practices in STEM instruction? 

6. What is the impact of the project on institutional obstacles for trying new 

instructional practices? 

7. What is the impact of the project on the extent and nature of collaboration among 

STEM faculty members at SVC, WWU, and WCC? 

 

Over the span of the project, HRI addressed these two components of the evaluation in a number 

of ways.  To assess the quality of the PD provided to C-Core participants, HRI observed samples 

of the workshops, administered post-workshop surveys, and conducted interviews with samples 

of participating faculty members and department/division chairs.  During the final year of the 

project, the evaluation shifted to focus mainly on project impacts.  To address these summative 

evaluation questions, HRI conducted the following activities between October 2016 and August 

2017, listed chronologically:   
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 Administered an annual survey for a fourth time during the spring of 2017 to all 

STEM faculty members across the three partner institutions focused on the current 

status of teaching and learning and faculty collaborations.  The survey was 

administered online to 269 individuals over a seven-week period.  A total of 126 

individuals completed the survey for a response rate of 47 percent.
1
  

 Conducted one-on-one interviews with 10 C-Core participants (5 from Cohort 1 and 5 

from Cohort 2) focused on the impact of the project on their teaching and challenges 

they have encountered in trying to implement new instructional strategies.
2
  

 Conducted one-on-one interviews with six department/division chairs focused on the 

impact of the project on teaching and learning in their department.
3
   

 Conducted one-on-one interviews with eight members of the C-Core leadership team 

focused on project impacts, sustainability, and lessons learned.
4
   

The remainder of this report focuses on evaluation findings related to the outcomes of the 

project.  The first main section describes impacts on STEM faculty members and their teaching.  

The second main section presents data about the sustainability of project activities and lessons 

learned are presented.  The report concludes with a summary of major findings. 

IMPACTS ON FACULTY AND THEIR TEACHING 

Data for this section of the report come mainly from the faculty survey administered to all STEM 

faculty members at SVC, WWU, and WCC each year of the project, as well as from interview 

                                                 
1
 HRI sent an initial email invitation, as well as two follow-up reminders, to all STEM faculty members.  To 

incentivize participation, one survey respondent was chosen at random from each of the three partner institutions 

to receive a $25 token of appreciation.  In addition, C-Core project leaders enlisted the help of department chairs 

(WWU) and deans (SVC and WCC) in encouraging faculty members to complete the survey. 

2
 Interviewees were purposively selected to ensure representation across cohorts, STEM departments, and 

institutions.  Cohort 3 participants were not included because their C-Core experience was quite different from 

faculty in Cohorts 1 and 2.  Ten faculty members were initially contacted; of these, 8 agreed to participate in the 

interview, 1 declined to participate, and 1 did not respond despite repeated reminders.  Two back-ups were then 

contacted; both declined to participate in the interview.  Two more backups were contacted; both agreed to 

participate.   

3
 Interviewees were purposively selected to ensure representation across institutions.  Ten department/division 

chairs were initially contacted; of these, 6 agreed to participate in the interview, 1 declined to participate, and 3 

did not respond despite repeated requests.   

4
  All eight leadership team members who were contacted agreed to participate in the interview. 
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data.  The first administration of the survey occurred in the spring of 2014, and the final 

administration occurred in the spring of 2017.   

Although the 2017 survey response rate was relatively low, the respondents appear to be 

representative of the broader faculty at the institutions in a number of ways.  As can be seen in 

Table 1, the percentages of survey respondents from each institution are similar to the 

percentages of faculty members who were invited to complete the survey.  Respondents are also 

fairly similar to all faculty in terms of content areas represented and participation status.   

Table 1 

Characteristics of the 2017 Questionnaire Respondents vs. All STEM Faculty 

 Percent of STEM 

Faculty Members 

(N = 269) 

Percent of 

Respondents 

(N = 126) 

Institution   

Western Washington University 64 62 

Whatcom Community College  22 24 

Skagit Valley College 14 14 

Teaching Area   

Science 53 59 

Mathematics  30 32 

Technology/Computer Science  9 5 

Engineering 8 4 

Participation Status   

Cohort 1 15 17 

Cohort 2 10 10 

Cohort 3 13 14 

Non Participants 61 59 

 

 

One of the project’s broad goals was to increase collaboration among faculty members as a 

mechanism for transforming STEM teaching across the three partner institutions.  Therefore, the 

survey included several items asking respondents to indicate whom they collaborated with on 

STEM teaching and learning and how often.  In addition, sets of survey items were combined to 

create two composite variables that could be used to track aspects of this collaboration from 

2014 to 2017:
5
 

 

1. Frequency of collaboration focused on teaching; and 

2. Frequency of collaboration focused on student learning. 

                                                 
5
  Composite variables have the advantage of being more reliable than individual questionnaire items.  Each 

composite variable has a minimum possible score of 0 and a maximum of 100.  Definitions and reliabilities for all 

composites can be found in the Appendix. 
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A second broad project goals was to increase use of reform-oriented teaching practices among 

STEM faculty.  Thus, the survey asked, and composite variables formed, about faculty 

members’: 

3. Perceptions of preparedness to use reform-oriented teaching practices;  

4. Use of reform-oriented teaching practices; and 

5. Perceived barriers to reform-oriented teaching practices. 

The following sections of the report describe the results in each of these areas. 

Faculty Collaboration 

The annual STEM faculty survey included a set of social network items that asked faculty 

members whom they collaborated with on teaching and/or learning and how often (i.e., once or 

twice, quarterly, monthly, weekly).  The data were analyzed using NodeXL. 

The social network data were used to create sociograms depicting collaboration in 2014 and 

2017 (see Figures 1 and 2).  In these sociograms, faculty members from WWU are represented 

by blue circles, faculty members from WCC by green squares, and faculty members from SVC 

by red triangles.  Arrows point from each questionnaire respondent to the individuals with whom 

the respondent interacted.
6
  If an interaction was reciprocated, the arrow is double-headed.  The 

weight of the line indicates frequency of interaction—a wider line indicates more interaction.  To 

facilitate interpretation, faculty members were purposively grouped by institution in the 

sociograms. 

 

                                                 
6
 Non-respondents are excluded from the sociograms, even if a respondent indicated collaborating with them. 



 

 

Horizon Research, Inc. 6 September 2017 

2014 Overall Sociogram 

 

 
Figure 1 

2017 Overall Sociogram 

 

 
Figure 2 

 WWU 

 WCC 

 SVC 

 

 WWU 

 WCC 

 SVC 
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At first glance, there are a few takeaways from the sociograms that stand out.  The increased 

numbers and thickness of lines/arrows suggest that there is more collaboration occurring among 

faculty within the two community colleges in 2017 than there was in 2014.  Relatedly, there 

appears to be collaboration between WCC and SVC in 2017, which was absent in 2014.  The 

sociograms also reveal that although there is some collaboration among faculty across 

institutions, this cross-institution collaboration is still limited.  Specifically, the cross-institution 

between SVC and WWU that was seen in 2014 is no longer apparent in 2017.     

Interviews with a sample of faculty members participating in the project helped to shed some 

light on the lack of cross-institution collaboration depicted in the sociograms.  Although faculty 

members pointed out the value in collaborating with faculty from other institutions, they also 

mentioned a number of barriers to cross-institutional collaboration, including lack of time and 

complicated meeting logistics, which limit these interactions.  As three said: 

The logistics of having PLC meetings with people from all three institutions got really 

tricky.  Number one, it’s a pretty large group of people, once you start to include all three 

institutions.  But also, finding a time where everybody can meet—and not at everybody’s 

home institution—is really tricky. 

When I was at Western, we were trying to have cross-institution meetings with Whatcom 

faculty and Western faculty.  The meeting would be at Western, and some of the Whatcom 

faculty would go there just to be part of the live meeting, and some of the Skagit faculty 

would teleconference in, and just with the technology and having one or two people at 

Skagit and eight people at Western, it just didn’t work very well.  I think that was part of 

the reason in the second year….those meetings sort of died down; I think a big part of it 

was because of the logistical challenges of getting everyone together.  

We tried a number of different methods; we tried virtual meeting and face-to-face.  

There’s just something about getting people away from their home institutions during the 

school year; it’s very difficult.  I don’t know a good solution…If they were having a 

virtual meeting, and you couldn’t show up, you didn’t feel too badly about that; but if you 

had chosen to meet geographically halfway between the two schools at a restaurant and 

you didn’t show up, that was worse. 

 

It is also possible to interpret the sociograms in a more quantitative manner.  A common metric 

used to describe a network is “graph density.”  This ratio compares the number of “edges” in the 

graph (an interaction between people in a sociogram is called an edge) with the number of edges 

the graph would have if all the participants were connected to each other.
7
  The density of the 

                                                 
7
  Graph density has a minimum possible value of 0 and a maximum possible value of 1. 
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sociogram in Figure 1 (2014) is 0.030 and the density in Figure 2 (2017) is 0.037, indicating a 

modest increase in collaboration over time within this network.   

Social network data were also examined by institution (see Table 2).  At WWU, collaboration 

among faculty generally was relatively constant (perhaps decreasing slightly) over time, with 

similar graph densities at both time points.  However, substantial increases in graph density were 

found for SVC and WCC, indicating increased intra-institutional collaboration.  In addition, 

these data reveal that intra-institutional collaboration at SVC and WCC was much higher than 

collaboration at WWU at both time points.  The fact that faculty in community college settings 

tend to work in smaller departments than faculty at a large university may explain this difference.  

In addition, community college faculty may be more apt to collaborate with one another because 

their primary focus is on teaching rather than research and/or service. 

Table 2 

Graph Density over Time, by Institution 

 Graph Density 

2014 2017 

SVC 0.167 0.235 

WCC 0.167 0.233 

WWU 0.047 0.042 

 

Interviewees also reported increased collaboration with faculty members at their own 

institutions, noting that although some collaboration occurs across departments, it primarily takes 

place within individual departments.  In the words of two: 

Certainly, when I am teaching a class that somebody else is also teaching a section of, it 

makes it a lot easier for collaboration.  Informal hallway conversations, which often lead 

to, “Hey, I tried this in class, here are some questions you might try asking,” or, “I 

created this activity, would you like to use it too?”  There’s quite a bit of sharing of 

materials, which is really nice on the time front.  And it’s really interesting to give 

somebody an activity that you worked on and have them run it with their students, 

because they always see things you didn’t, like, “Oh, I would have asked this,” or “I 

added in these questions.”   

To just drop by a neighbor’s office or shout down the hall and have somebody give 

feedback and talk about what you’re working on—it feels a lot easier to do that because 

we have this open communication that we are working on these things.  So, it’s not 

imposing on somebody’s time to ask them to give feedback, to come to my classroom, to 

help me with this student response, because I know that they’re thinking about the same 

things.   
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The 2017 social network data were also examined by cohort.  As can be seen in Figure 3, these 

data also show that there has been a good deal of collaboration within institutions but little cross-

institution collaboration.  For non-participants, there was little within-institution and no cross-

institution collaboration with others who were not involved in C-Core.   

 

 

2017 Cohort 1 Sociogram 

 

 

2017 Cohort 2 Sociogram 

 

 
2017 Cohort 3 Sociogram 

 

 

2017 Non-Participants Sociogram 
 
 

 

 WWU 

 WCC 

 SVC 

 

 WWU 

 WCC 

 SVC 

 

 WWU 

 WCC 

 SVC 

 

 WWU 

 WCC 

 SVC 
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Figure 3 

When looking at social network data for Cohort 1 and Cohort 2 across the four years of the 

project, an interesting pattern emerges.  As can be seen in Table 3, the density of the Cohort 1 

participant network was 0.094 prior to their involvement in C-Core.  That density peaked 

following their first year of participation (2015) but decreased in their second year (2016).  In 

2017, the network density was even lower than it was in 2014.   

Table 3 

Cohort 1 Network Density over Time 

 Graph Density 

2014 0.094 

2015 (Year One of C-Core Participation) 0.190 

2016 (Year Two of C-Core Participation) 0.109 

2017 0.085 

 

Similarly, the density of the Cohort 2 participant network (see Table 4) peaked following their 

first year of participation in C-Core (2016) but decreased in their second year (2017). 

Table 4 

Cohort 2 Network Density over Time 

 Graph Density 

2014 0.056 

2015 0.100 

2016 (Year One of C-Core Participation) 0.129 

2017 (Year Two of C-Core Participation) 0.103 

 

These findings suggest that C-Core was successful at fostering collaboration among Cohort 1 

and Cohort 2 participants during their time in the project.  However, it is unclear if these gains 

will be sustained after the project ends.  C-Core workshop time afforded participants 

opportunities to collaborate with other faculty via various groupings (e.g., those teaching courses 

in a learning sequence, those teaching sections of the same course) and PLCs.  However, once 

this formal time was withdrawn, it seems as though participants found it difficult to continue the 

work of PLCs on their own.  As a result, the broader collaborative network was replaced by 

institution- and department-specific collaboration.  

Frequency of Collaboration Focused on Teaching and Student Learning 
Project leaders hoped to not only increase collaboration among faculty members, but to foster 

collaboration focused specifically on teaching and student learning.  Therefore, the STEM 

faculty survey included a series of 15 items (8 related to teaching and 7 related to student 

learning) and asked faculty to indicate how frequently they collaborated with colleagues on each, 
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using a five-point scale (never, once or twice, quarterly, monthly, weekly).  The items centered 

on collaboration related to teaching included discussing key content ideas that students should 

learn and discussing the logistics of implementing new teaching strategies.  The items related to 

collaboration around student learning focused on such things as discussing difficulties students 

may have with particular content ideas and discussing ideas for increasing student interest/

engagement.   

As can be seen in Table 5, scores on both composites are around 50 at each time point, indicating 

collaboration on these topics occurs, on average, about quarterly.  There was no statistically 

significant difference in the frequency of collaboration focused on teaching between 2014 and 

2017.  However, there was a statistically significant increase in the frequency of collaboration 

focused on student learning between the two time points.  The six-point difference translates into 

a small effect size
8
 of 0.24 standard deviations.  Given that social network data reveal an overall 

increase in collaboration among faculty, these data suggest that collaboration focused on student 

learning is a key component of that change. 

Table 5 

Faculty Members’ Self-Reported Frequency of Collaboration 

Focused on Teaching and Student Learning between 2014 and 2017 
 

N Minimum Maximum Mean 

Standard 

Deviation 

Effect 

Size 
(in std. 

dev.) 

Collaboration Focused on Teaching†       

— 2014 94 4  97 42.61 24.51 

2017 84 3  100 46.73 23.74 

Collaboration Focused on Student Learning*       
 

0.24 
2014 94 0 93 46.44 24.63 

2017 84 4 100 52.71 20.56 
† There was no statistically significant difference in scores between 2014 and 2017 (HLM; p ≥ 0.05). 
* There was a statistically significant difference in scores between 2014 and 2017 (HLM; p < 0.05).  

 

 

Although HRI did not test for differences in individual items between time points,
9
 examining 

trends in item frequencies from 2014 to 2017 can help to explain change (or lack thereof) in the 

                                                 
8
  Because different studies may use different instruments or report different kinds of scores, it is difficult to 

compare results across studies.  Effect sizes are used to report results that can be more easily compared across 

studies.  In addition, effect sizes take into account the amount of variation in scores, aiding interpretation of 

results.  For this study, the effect size was calculated as the coefficient of the time indicator variable divided by 

the standard deviation of the composite.  Effect sizes of about 0.20 are typically considered small, 0.50 medium, 

and 0.80 large.  Cohen, J. (1988).  Statistical power analysis for the behavioral sciences.  Hillsdale, NJ:  

Lawrence Erlbaum Associates. 

9
  Every use of a statistical test has a probability of yielding a “false positive” (i.e., indicating there is a significant 

difference when a difference does not truly exist).  Conducting multiple statistical tests on related outcomes 
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composite scores.  As can be seen in Table 6, there appears to have been increased collaboration 

focused on teaching over time in some areas (e.g., discussing the next concept(s) to address 

based on students’ current ideas, observing or being observed by another faculty member while 

teaching), but no change or decreased collaboration in other areas (e.g., discussing the logistics 

of implementing new teaching strategies, reflecting together on why particular instructional 

activities did or did not go as planned).  This variability is likely responsible for the lack of 

statistically significant difference in scores.   

Looking at individual items in the collaboration focused on student learning composite, there is 

also some variability.  However, faculty appear to be collaborating more frequently in a few key 

areas: 

 Discussing difficulties students may have with particular content ideas; 

 Discussing ideas for increasing student interest/engagement; 

 Exploring strategies for increasing the achievement of students who may be 

struggling; and 

 Exploring strategies for supporting under-represented minority (URM) students. 

                                                                                                                                                             
increases the likelihood of false positives.  Consequently, HRI did not conduct statistical tests on individual items 

to avoid an overly high probability of a false positive. 
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Table 6 

Faculty Collaboration Occurring at Least Monthly, by Year
†
 

 2014 

(N = 94) 

2017 

(N = 84) 

Collaboration Focused on Teaching    

Discussed the key content ideas that students should learn (e.g., learning goals for 

particular courses, how ideas build across courses) 45 50 

Discussed the logistics of implementing new teaching strategies (e.g., classroom 

arrangements, necessary materials) 41 33 

Discussed the next instructional strategies to try based on students’ current ideas 29 33 

Reflected together on why particular instructional activities did or did not go as 

planned 32 30 

   

Discussed the next concept(s) to address based on students’ current ideas 20 30 

Explored strategies for formally and/or informally evaluating student learning 27 29 

Discussed how to use the results of formal and/or informal assessments to modify 

instruction 25 25 

Observed or been observed by another faculty member while teaching 12 19 

Collaboration Focused on Student Learning   

Discussed difficulties students may have with particular content ideas (e.g., 

student alternate conceptions/misconceptions) 53 64 

Discussed ideas for increasing student interest/engagement 45 52 

Explored strategies for increasing the achievement of students who may be 

struggling 33 46 

   

Reflected together on how particular instructional activities impacted student 

understanding of content ideas 33 29 

Discussed how student-centered teaching strategies (e.g., jigsaw, flipped 

classroom) could be used to improve student understanding of content 38 29 

Explored strategies for supporting under-represented minority (URM) students 20 29 

Examined student work and/or assessments to better understand their thinking 

about content ideas 29 27 
† Only participants indicating they had collaborated with anyone at any of the institutions on science, technology, 

engineering, or mathematics teaching and/or learning are included in this table.  

Beliefs about Effective STEM Teaching and Learning 

Another broad goal of the project was the development of a shared vision about what constitutes 

effective STEM teaching and learning.  To gauge the impact of the project on faculty in this area, 

the STEM faculty survey included a subset of items from the Teacher Beliefs about Effective 

Science Teaching (TBEST)
10

 instrument.  The selected items measure two types of beliefs: those 

that align with more traditional ways of teaching (confirmatory instruction) and those that align 

with what is known about how people learn from cognitive science research (learning-theory-

aligned instruction).  

As can be seen in Table 7, composite scores for learning-theory-aligned instruction are quite 

high at both time points, indicating that faculty members hold many beliefs consistent with what 

                                                 
10

 Smith, P. S., Smith, A. A., & Banilower, E. R. (2014). Situating beliefs in the theory of planned behavior: The 

development of the teacher beliefs about effective science teaching questionnaire. In C. M. Czerniak, R. Evans, J. 

Luft, & C. Pea (Eds.), The role of science teachers’ beliefs in international classrooms: From teacher sections to 

student learning (pp. 81–102). Rotterdam, The Netherlands: Sense Publishers. 
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is known about how people learn.  The lack of significant change over time in faculty members’ 

learning-theory-aligned beliefs is likely due to these already-high composite scores, as there was 

little room left for growth.  There was also no significant change in scores on the confirmatory 

instruction composite.  Although scores on this composite were somewhat low (which is 

desired), this result suggests that some faculty still have beliefs counter to the project’s goals. 

Table 7 

Mean Composite Scores on Beliefs about STEM Teaching and Learning, by Year 

 

N Minimum Maximum Mean 

Standard 

Deviation 

Learning-Theory-Aligned Instruction†       

2014 159 53 100 89.17 10.11 

2017 118 57 100 89.14 10.35 

Confirmatory Instruction†       

2014 157 0 100 45.25 21.92 

2017 116 0 100 42.46 21.55 
† There was no statistically significant difference in scores between 2014 and 2017 (HLM; p ≥ 0.05).  

To help explain the lack of significant differences seen over time, HRI looked at individual items 

within these composites.  For the learning-theory-aligned instruction composite, over 90 percent 

of faculty at both time points agreed that each of the practices presented facilitates student 

learning (see Table 8), confirming a ceiling effect.  For the confirmatory instruction composite, 

although there are some apparent shifts in faculty members’ beliefs that suggest movement in the 

desired direction, the individual items indicate that faculty still hold beliefs that align with more 

traditional ways of teaching.  For example, 69 percent of faculty in 2017 felt that students should 

do hands-on activities after they have learned the related concepts, and 52 percent indicated that 

hands-on activities and/or laboratory activities should be used primarily to reinforce a concept 

that the students have already learned.  Given that confirmatory instruction is a longstanding and 

widespread practice in undergraduate STEM education, it is perhaps not surprising that a 

significant change was not seen in these beliefs over the four years of the project. 



 

 

Horizon Research, Inc. 15 September 2017 

Table 8 

Faculty Agreeing
†
 with  

Various Statements about STEM Teaching and Learning, by Year  

 Percent of Respondents 

 2014 

(N = 160) 

2017 

(N = 118) 

Learning-Theory-Aligned Instruction   

Students should have opportunities to connect the concepts they are studying 

to other concepts. 100 100 

Instructors should provide students with opportunities to apply the concepts 

they have learned in new or different contexts. 99 100 

Instructors should ask students to support their conclusions about a concept 

with evidence. 97 99 

   

Students should consider evidence that relates to the concept they are 

studying. 98 98 

Instructors should provide students with opportunities to connect what they 

learn in the classroom to what they experience outside of the classroom.   98 97 

At the beginning of instruction on a concept, students should have the 

opportunity to consider what they already know about the concept. 94 95 

Confirmatory Instruction    

Students should do hands-on activities after they have learned the related 

concepts. 73 69 

Hands-on activities and/or laboratory activities should be used primarily to 

reinforce a concept that the students have already learned. 64 52 

Instructors should provide students with the outcome of an activity in advance 

so students know they are on the right track as they do the activity. 34 38 

   

Instructors should explain a concept to students before having them consider 

evidence that relates to the concept. 47 44 

Students should know what the results of an experiment are supposed to be 

before they carry it out. 11 14 
† Includes those respondents indicating 4, 5, or 6 on a six-point scale from 1 “strongly disagree” to 6 “strongly agree.”  

Taken together, these data indicate that although faculty hold beliefs about teaching and learning 

that are aligned with what is known about how people learn, they also continue to hold some 

unaligned beliefs. 

The STEM faculty survey also asked about faculty members’ beliefs about the importance of 

various reform-oriented teaching practices (e.g., asking students to support their conclusions 

and/or claims about an idea with evidence, helping students apply concepts they have learned in 

new or different contexts), each of which is aligned with C-Core project goals.  These 14 items 

were combined into a composite variable to track faculty beliefs over time.  As shown in Table 

9, the composite scores increased significantly from 2014 to 2017; the two-point change 

translates into a small effect size of 0.25 standard deviations.   
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Table 9 

Mean Composite Scores on  

Perceived Importance of Reform-Oriented Teaching Practices, by Year  
 

N Minimum Maximum Mean 

Standard 

Deviation 

Effect Size 
(in std. dev.) 

2014 157 45 100 78.57 12.08 
0.25* 

2017 121 48 100 80.94 13.40 
* There was a statistically significant difference in scores between 2014 and 2017 (HLM; p < 0.05).  

Looking at individual items in the composite (Table 10), the significant difference is likely 

attributable to apparent increases in beliefs about the importance of using student-centered 

teaching strategies (36 percent in 2014 vs. 55 percent in 2017), and eliciting students’ 

understanding of an idea prior to instruction on that idea (26 percent in 2014 vs. 43 percent in 

2017).   

Additionally, looking specifically at the 2017 data, it is encouraging that at least two thirds of 

respondents designated a number of reform-oriented practices as very important:  

 Provide feedback to students about what they have achieved and where they need to 

improve; 

 Adjust instruction during a class session because students aren’t “getting it;” 

 Ask students to support their conclusions and/or claims about an idea with evidence; 

 Plan instruction to address difficulties students had in previous class sessions; 

 Provide students with clear, explicit learning goals; 

 Help students apply concepts they have learned in new or different contexts; and 

 Help students make connections between ideas covered in one class session and ideas 

covered in other class sessions. 
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Table 10 

Faculty Rating a Variety of Reform-Oriented 

Teaching Practices as Very Important,
†
 by Year 

 Percent of Respondents  

 2014 

(N = 163) 

2017 

(N = 121) 

Provide feedback to students about what they have achieved and where they 

need to improve 69 79 

Adjust instruction during a class session because students aren’t “getting it” 69 78 

Ask students to support their conclusions and/or claims about an idea with 

evidence 73 74 

Plan instruction to address difficulties students had in previous class sessions 57 69 

Provide students with clear, explicit learning goals 66 68 

   

Help students apply concepts they have learned in new or different contexts 58 68 

Help students make connections between ideas covered in one class session 

and ideas covered in other class sessions 66 66 

Prepare students to take responsibility for their own learning through self-

monitoring, self-assessment, and self-evaluation 61 61 

Use student-centered teaching strategies (e.g., flipped classrooms, clickers, 

peer instruction, small-group work) 36 55 

Use student data to plan for future instruction 52 54 

   

Help students make connections between ideas covered in class and their 

experiences outside of the classroom 54 46 

Elicit students’ understanding of an idea prior to instruction on that idea 26 43 

Ask students to reflect on how their thinking about an idea has changed 22 30 

Have students review one another’s work and offer feedback 10 15 
† Includes only those respondents indicating 4 on a four-point scale from 1 “not at all important” to 4 “very important.”  

Changes in faculty beliefs about teaching were also evident in interview data, as participants 

described what they learned about effective instruction as a result of C-Core.  In the words of 

two:  

 [C-Core] taught me an enormous amount about what has been shown to be effective and 

ineffective in student learning.  It told me a lot about how to better organize my classes, 

how to better focus on certain learning objectives, and showed me the many things I was 

doing that were probably completely ineffectual.  

Instead of just what I see anecdotally in my classroom, I have actual data on what works 

and what doesn’t…So a specific example, in terms of having students talk through things 

instead of being shown things—it’s something that I had seen in my classroom, but I 

didn’t really worry about it.  If I got busy, I’d just cram it in with talking.  But now that I 

see the data on the difference, it’s probably not worth cramming stuff in by talking.   
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Perceptions of Preparedness to Use Reform-Oriented Teaching 

Practices 

In addition to asking about the importance of reform-oriented teaching practices, faculty were 

asked how prepared they feel to use these same practices.  To examine change over time, 

responses to these 14 items were combined into a composite variable.  As can be seen in Table 

11, there was a statistically significant difference between the two time points.  This five-point 

increase translates into a small effect size of 0.35 standard deviations.  

Table 11 

Mean Composite Scores on Perceptions  

of Preparedness to Use Reform-Oriented Teaching Practices, by Year  

 

N Minimum Maximum Mean 

Standard 

Deviation 

Effect Size 
(in std. dev.) 

2014 157 19 100 64.52 19.08 
0.35* 

2017 120 26 100 70.09 16.33 
* There was a statistically significant difference in scores between 2014 and 2017 (HLM; p < 0.05).  

Table 12 shows the percentage of responding faculty who indicated feeling fairly or very well 

prepared to use the practices included in this composite variable.  Two findings stand out from 

these data.  First, over 80 percent of respondents at both time points indicated feeling at least 

fairly well prepared to: 

 Help students make connections between ideas covered in one class session and ideas 

covered in other class sessions; 

 Adjust instruction during a class session because students aren’t “getting it;” 

 Plan instruction to address difficulties students had in previous class sessions; and 

 Provide students with clear, explicit learning goals.  

Second, the increase in composite scores appears to be largely due to a few items.  For example, 

79 percent of survey respondents in 2017 indicated feeling at least fairly well prepared to use 

student-centered strategies compared to 48 percent in 2014.  Additionally, in 2017, 55 percent 

indicated that they feel at least fairly well prepared to have students review one another’s work 

and offer feedback compared to 39 percent in 2014.  
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Table 12 

Faculty Feeling at Least Fairly Well Prepared
† 

to Use Reform-Oriented Teaching Practices, by Year 

 Percent of Respondents  

 2014 

(N = 162) 

2017 

(N = 120) 

Help students make connections between ideas covered in one class session and ideas 

covered in other class sessions 88 92 

Adjust instruction during a class session because students aren’t “getting it” 88 91 

Plan instruction to address difficulties students had in previous class sessions 83 89 

Ask students to support their conclusions and/or claims about an idea with evidence 76 87 

Help students apply concepts they have learned in new or different contexts 73 87 

   

Provide students with clear, explicit learning goals 82 86 

Provide feedback to students about what they have achieved and where they need to 

improve 75 82 

Use student-centered  teaching strategies (e.g., flipped classrooms, clickers, peer 

instruction, small-group work) 48 79 

Use student data to plan for future instruction 63 72 

Elicit students’ understanding of an idea prior to instruction on that idea 63 69 

   

Help students make connections between ideas covered in class and their experiences 

outside of the classroom 70 68 

Prepare students to take responsibility for their own learning through self-monitoring, 

self-assessment, and self-evaluation 47 59 

Have students review one another’s work and offer feedback 39 55 

Ask students to reflect on how their thinking about an idea has changed 46 50 
† Includes those respondents indicating 3 or 4 on a four-point scale from 1 “not at all prepared” to 4 “very well prepared.”  

An exploratory
11

 analysis was also performed on this composite to look for potential differences 

among cohorts/those not affiliated with any cohort.  The analysis suggests a greater increase in 

Cohort 1’s preparedness over time as compared to faculty not affiliated with a cohort.  The fact 

that reform-oriented teaching practices were central to the C-Core PD sessions may serve to 

explain this difference.  Further, Cohort 1 participants have had more time than the other cohorts 

to put the lessons learned in C-Core into practice, which may also serve to explain the increase in 

their preparedness.  

Nature of STEM Instruction  

Having faculty see the value of reform-oriented instructional practices and feel prepared to use 

them are important steps in instructional reform.  However, the goal of the project was for 

faculty to also integrate these practices into their instruction.  Consequently, the STEM faculty 

survey asked respondents about their use of reform-oriented practices.  In addition, C-Core 

                                                 
11

 Exploratory analyses were conducted for the subset of composites that could be computed for each of the four 

times the STEM faculty survey was administered.  The goal of these analyses was to look for trends by cohort 

and/or institutional affiliation.  Because these analyses did not control for Type I error, the findings should be 

considered tentative in nature.  
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faculty, department/division chairs, and members of the leadership team were asked in 

interviews to reflect on teaching practices being used in STEM classrooms and departments.  

These data are described in the following sections.  

Use of Reform-Oriented Practices 
Faculty were asked how frequently they use each of 14 teaching practices in a specific class

12
 

using a four-point response scale (not at all, once or twice during the quarter, several times 

during the quarter, weekly).  To examine changes in the frequency of use of these practices over 

time, the items were combined into a composite.  As can be seen in Table 13, there was a 

significant increase in the composite score from 2014 to 2017.  This five-point increase translates 

into a small effect size of 0.25 standard deviations.   

Table 13 

Mean Composite Scores on Self-Reported  

Use of Reform-Oriented Teaching Practices, by Year  

 

N Minimum Maximum Mean 

Standard 

Deviation 

Effect Size 
(in std. dev.) 

2014 162 17 100 63.83 16.76 
0.25* 

2017 126 36 100 69.31 15.71 
* There was a statistically significant difference in scores between 2014 and 2017 (HLM; p < 0.05).  

Looking at individual items in the composite, some practices seem to be prevalent at both time 

points.  For example, over 90 percent of respondents reported that they help students make 

connections between ideas covered in one class session and ideas covered in other sessions and 

help students apply concepts they have learned in new or different contexts at least several times 

during the quarter (see Table 14).  Additionally, there appear to be increases over time in the use 

of particular strategies.  For example, 80 percent of respondents in 2017 reported using student-

centered teaching strategies (e.g., flipped classrooms, clickers, peer instruction, small group 

work) at least several times per quarter compared to only 64 percent in 2014.  Similarly, a greater 

percentage of faculty members also appear to be eliciting students’ understanding of an idea 

prior to instruction on that idea (60 percent in 2014 vs. 75 percent in 2017).   

                                                 
12

 “Specific class” was identified as a course they were currently teaching, either the first introductory course they 

met with that week or, if they were not currently teaching an introductory course, the first upper-division course 

they met with that week.  If respondents were not currently teaching any courses, they were asked to think about 

the first introductory/upper-division course they taught the previous quarter.  
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Table 14 

Faculty Indicating Use of Reform-Oriented 

Teaching Practices at Least Several Times Per Quarter,† by Year 

 Percent of Respondents 

 2014 

(N = 163) 

2017 

(N = 126) 

Help students make connections between ideas covered in one class session and 

ideas covered in other class sessions 98 99 

Help students apply concepts they have learned in new or different contexts 91 95 

Adjust instruction during a class session because students aren’t “getting it” 89 85 

Plan instruction to address difficulties students had in previous class sessions 84 85 

Help students make connections between ideas covered in class and their 

experiences outside of the classroom 88 81 

   

Provide students with clear, explicit learning goals 83 81 

Provide feedback to students about what they have achieved and where they need to 

improve 79 81 

Use student-centered  teaching strategies (e.g., flipped classrooms, clickers, peer 

instruction, small-group work) 64 80 

Ask students to support their conclusions and/or claims about an idea with evidence 69 77 

Elicit students’ understanding of an idea prior to instruction on that idea 60 75 

   

Prepare students to take responsibility for their own learning through self-

monitoring, self-assessment, and self-evaluation 50 64 

Use student data to plan for future instruction 49 56 

Ask students to reflect on how their thinking about an idea has changed 36 49 

Have students review one another’s work and offer feedback 20 29 
† Includes those respondents indicating 3 or 4 on a four-point scale from 1 “not at all” to 4 “weekly.”  

Interviews with faculty, department/division chairs, and members of the leadership team helped 

illustrate the types of instructional shifts taking place.  As four reported:  

Anyone visiting, I would say the majority of, our science, math, engineering, computer 

science departments on any sort of more than one-day basis, or visiting classrooms, 

would be able to observe much more active engagement by students in the learning 

process than what was present before we started the project.  At the start of the project, 

there were a few faculty on our campuses who were actually implementing student-

centered practices on a regular basis.  Now, it’s become much more common.  I won’t 

say it’s completely transformed our institutions, but has certainly affected a number of 

undergraduate, lower-division and now upper-division courses.  So now, if you walked 

into a course, you would see students actively engaging with each other, with the 

professor really working on higher level thinking and problem-solving, and being much 

less passive in the classroom.  (Leadership Team Member) 

I think one would see more students working collaboratively, even if they’re not in pods, 

they may be turning their desks to interact with each other.  I think in some of the 

disciplines, you’re seeing more, especially in ones that have lab time, there’s a blurring 

of the lines between what’s the lecture time of the classroom and the lab time of the 

classroom.  While we schedule them that way, there isn’t a true cut-off point so to 
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speak…Even in that lecture environment, there may be more active learning activities 

happening than what you may have seen five years ago.  (Department/Division Chair) 

Instead of having students watch me work an example, I probe what they know about it 

first and then pose the question to them and have them work on it for a while.  And I go 

around and answer questions and ask questions.  And then we come back together as a 

class and kind of regroup and see how people did and confirm that this is, in fact, how I 

would go about it and there are other ways to do it, but here’s what I was thinking.  So, a 

lot less [of] them sitting and watching me do things and a lot more [of] them struggling 

with things first.  I ask a lot more ABCD questions in class—so getting them to answer 

questions directly in class.  Basically it’s a lot less me telling them things.  (Faculty 

Member) 

So, when I was teaching, I would say, “Okay, I know this is a really hard concept, so take 

good notes,” and I would kind of prep them for “this is going to be difficult for you.”  

And then I would teach it exactly the same way every time, and then they wouldn’t get it 

right on the test.  And I’d be like, “They still don’t get it.”  And so I’d come back the next 

year and be like, “This is going to be a really hard concept for you,” and teach it the 

same way.  And so, what C-Core gave me was, I realized I wasn’t really paying attention 

to what I was learning from how they were responding on the test.  So I started, with the 

ABCD cards, I started to be able to figure out what they were not understanding.  And 

then I was able to work on that part of my instruction instead of just teaching it the same 

way again.  (Faculty Member) 

Classroom Culture 
Reform-oriented practices are implemented most effectively in an environment that fosters a 

culture conducive to learning.  To this end, the C-Core PD included a focus on strategies for 

helping all students be successful, particularly those historically underrepresented in STEM.   

To gauge progress toward the creation of inclusive classroom cultures, HRI asked leadership 

team members and department/division chairs to describe changes that they have observed taking 

place.  Although they indicated it is difficult to quantify, nearly all interviewees mentioned that 

there has been an increase in faculty awareness related to equity and inclusion.  As one 

department/division chair stated: 

 

I do think there is more of an awareness by faculty.  So that would be a start. 

Interviewees also described how increased faculty awareness has translated into more observable 

changes to practice, such as class norm setting.  In the words of two leadership team members: 

I think this becomes the most visible in the first week of class or on the syllabus, where 

faculty are trying to create a welcoming environment in their classrooms.  So a lot of 
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them now start their classes by building norms with their students and do some kind of 

introduction activity to get students to talk to each other and find out about each other.  

Some people overtly talk about equity in their classrooms in that first week and share 

their backgrounds as well…Something we’ve been working on a lot, which doesn’t 

necessarily have a visible outcome…is raising our own awareness of where we have 

implicit biases, so that’s where a lot of the work has come in in the equity goal.  

Faculty members are much more cognizant of things like setting class norms…Often what 

faculty members will do is have the students set the norms the very first class period, 

which is the most effective way, I think, to do it.  For example, you can’t interrupt 

somebody who’s speaking…Also, I think the faculty members are much more aware of 

the importance of learning student names, which I was stunned how few people thought it 

was important.  To me, that’s number one, just to recognize individuals.  And also, I think 

the group work, the student-centered activities that go on in classes, also help 

underrepresented students be part of a team and recognized as an individual…The other 

thing that I think faculty members are much, much more aware of is how some of these 

students feel…we’ve had student panels, and I was sort of stunned at the sort of stuff that 

goes on among students within departments.  I had no idea, and I think faculty just being 

aware helps…For example, a female Hispanic student saying, “I was told by several 

people I couldn’t be a physics major, because female Latinas cannot do math.”  

Apparently she was told that to her face, and I think all of us were sitting there going, 

“Oh man.”…I think a lot of faculty members didn’t realize how their actions, or their 

inactions, can have a huge impact on students.   

Although faculty interviewees were not asked directly about their efforts in this area, many 

shared similar examples of increased awareness and attempts to create inclusive classroom 

environments when describing changes to their practice more broadly.  Illustrative examples 

follow:  

I was completely ignorant and unaware of many of those issues, having grown up middle 

class and privileged.  So, personally, in terms of having my students meet the material in 

a place that they can learn, that has been the biggest difference is just becoming aware of 

where people have privilege and where they don’t and how that affects what they can do. 

I used to make a lot of movie references assuming that everybody had the same 

background that I do and had grown up seeing the same movies, which is not true.  So, 

now if I have a particular movie reference that I want to make in class, I bring the clip, 

so we all have a shared experience and we all are aware of it.  And just silly things like in 

pictures and figures and names that are used, representing people who are different—

who are male, who are female, who have different colored skin, who have different 

names, maybe, than the names that I grew up with.  So, that folks can identify and see 
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themselves as a part of what we’re doing.  Which, I never realized until seeing data about 

it in C-Core, the importance of being able to see yourself as a physicist or those kind of 

things.   

I purposefully selected papers that would match the content I wanted but had first 

authors that were different races, different cultures, and different genders.  So, that 

changed some of my content a bit…The other thing I did with it was, I tried to find—and 

this was actually harder than I thought—pictures of the first author.  So where the papers 

are loaded up in my online Canvas, where they can click on the link to the paper, they 

also see a picture of the author, so it’s not just the first author’s name, there’s also a 

picture of someone who looks different. 

It is encouraging that faculty are aware of the need for inclusive classroom environments and are 

taking some steps to foster those environments.  It is also encouraging that department/division 

chairs and leadership team members recognize that continued progress in this area will require 

sustained effort and commitment on the part of faculty members, as well as support from 

administrators.  As two said: 

Addressing diversity in our division, oh boy, I’m all over that one.  We have a ways to go.  

I think that for me personally, this last summer, when I went to the C-Core workshop for 

three days, the diversity presentation was very powerful.  People know that there may be 

a bit of an issue, but people, in my opinion, aren’t talking about it as much as they 

should.  (Department/Division Chair) 

It’s a harder issue, in my opinion, to work toward, is that inclusiveness—what that looks 

like, how to help faculty develop more sophisticated ideas of inclusive teaching.  It’s been 

a learning curve for all of us.  I will say we have made some progress in that area; you’ll 

see professors, if you came now versus at the beginning of the project, do more norm-

building to work more intentionally with groups to try to make their classroom more 

welcoming and conducive toward inclusiveness, but I still feel like we have a long way to 

go.  (Leadership Team Member) 

Obstacles to Trying New Instructional Practices 

Even if faculty members understand effective teaching and learning practices, believe in the 

efficacy of those practices, are prepared to use and begin using them, a number of factors could 

still affect their use of those practices in STEM instruction.  Common barriers to reform in 

undergraduate STEM education include the perceived need for content coverage, student 

resistance, class size and layout, and lack of instructional time.  Consequently, faculty members 

were asked in 2014, and again in 2017, about a variety of factors—both supportive and 

inhibitory—that might influence their use of reform-oriented instructional practices. 
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The survey presented 14 factors (5 supportive, 9 inhibitory) that were combined into a 

composite.
13

  These factors focused on such things as faculty members’ impressions of student-

centered teaching strategies, their perceptions of others’ expectations related to these strategies, 

and logistical factors that may hinder their use of these strategies (e.g., time, resources).  As can 

be seen in Table 15, there was a significant decrease over time in the composite score, indicating 

that faculty members perceived fewer barriers to using reform-oriented teaching practices in 

2017 than they did in 2014.  This nearly seven-point change translates into an effect size of 0.48 

standard deviations.   

Table 15 

Composite Mean Scores on  

Perceived Barriers to Using Reform-Oriented Teaching Practices 

 

N Minimum Maximum Mean 

Standard 

Deviation 

Effect Size 
(in std. dev.) 

2014 159 16 84 45.14 11.12 
0.48* 

2017 115 10 64 38.64 12.92 
* There was a statistically significant difference in scores between 2014 and 2017 (HLM; p < 0.05). 

Looking at individual items related to supportive factors, the cultures within departments appear 

to be facilitating the use of reform-oriented practices (see Table 16).  For example, substantial 

percentages of survey respondents in 2017 agreed that others in their department expect them to 

use student-centered teaching practices (71 percent vs. 43 percent in 2014) and that the use of 

student-centered teaching practices is important for tenure/promotion/rehiring in their 

department (64 percent vs. 35 percent in 2014). 

However, there are still some factors that may be getting in the way of faculty using student-

centered teaching practices.  For example, 58 percent of faculty in 2017 indicated that classroom 

configuration is a barrier (compared to 49 percent in 2014), perhaps because faculty have come 

to more readily recognize classroom shortcomings as a result of their increased understanding of 

conditions conducive to reform-oriented teaching.  Perhaps not surprisingly, lack of time also 

seems to be a barrier to reforming instruction.  In 2017, nearly half of respondents agreed to 

some extent that they lack the time needed to learn more about or incorporate student-centered 

strategies.  Additionally, at both time points, at least 90 percent of respondents agreed that others 

in their department expect them to cover certain topics in their courses so that students are 

prepared for future STEM courses, a potential barrier to teaching in reform-oriented ways 

                                                 
13

 To calculate the composite, the response scale for “supportive factor” items was flipped so that a lower score 

indicates fewer perceived barriers and a higher score more perceived barriers. 
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Table 16 

Faculty Agreeing
†
 with Various Statements about  

the Use of Reform-Oriented Teaching Practices, by Year  

 Percent of Respondents 

 2014 

(N = 160) 

2017 

(N = 117) 

Supportive Factors‡   

Student-centered teaching is effective for teaching STEM concepts to college 

students. 93 95 

I am familiar with student-centered teaching strategies (e.g., flipped classrooms, 

clickers, peer instruction, small-group work). 80 95 

I would like to incorporate more student-centered teaching strategies into my 

courses.   89 88 

Others in my department expect me to use student-centered teaching practices. 43 71 

The use of student-centered teaching practices is important for 

tenure/promotion/rehiring in my department. 35 64 

Inhibitory Factors   

Others in my department expect me to cover certain topics in my courses so that 

students are prepared for future STEM courses. 94 90 

Lecture-based teaching is effective for teaching STEM concepts to college students. 79 63 

The classrooms I teach in are not conducive to alternative teaching strategies (due to 

size, layout, seating, etc.).   49 58 

I do not have enough time to incorporate student-centered teaching strategies into 

my courses even if I wanted to.   46 45 

I do not have enough time to learn more about student-centered teaching strategies 

and how to use them.   46 45 

   

My students are familiar with lecture-based teaching and would be resistant to 

alternative ways of teaching.   57 42 

It is important that I cover a wide array of topics in my courses, even if these topics 

are not all covered in-depth.   48 40 

Others in my department expect me to use lecture-based teaching practices.   23 22 

The use of lecture-based teaching practices is important for 

tenure/promotion/rehiring in my department. 17 17 
† Includes those respondents indicating “slightly agree,” “moderately agree,” or “strongly agree” on a six-point scale from 

1 “strongly disagree” to 6 “strongly agree.”  
‡  Because this composite represents perceived barriers, the response scale for supportive factors was flipped before 

calculating the composite score. 

Interviews with faculty and department/division chairs expanded on these issues.  For example, 

interviewed faculty noted that there is increased attention on what aspects of teaching are 

currently being examined by existing evaluation forms (e.g., student course evaluations, 

observation protocols for making retention/promotion/tenure decisions), and whether these forms 

are sufficient for distinguishing among varied instructional approaches.  In the words of two: 

For annual reviews or tenure and promotion, what should we be looking at as evidence 

of good teaching and improved student learning?  Is it sufficient to look at course 

evaluations?  Is a one-day peer evaluation sufficient?  What does good teaching look 

like?  And those are discussions that are ongoing within the department. (Faculty 

Member)   
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There’s been some dissatisfaction for quite some time that the forms don’t necessarily 

lend themselves to—well, let me put it this way: we used to have three different forms, 

this is if it’s a lab class, this is if it’s a lecture class, this is if it’s an online class.  And 

participation in the past on these evaluations had been really bad—really low 

participation rates.  And we thought that one way they’d be better would be if there were 

some uniformity, right?  There should be some common things that students should be 

able to observe about a class regardless of the kind of class that it was.  And so bottom 

line is that, yes, we’re updating those online forms, and I would say those forms focus 

more on the organization, the way that the course engages students, the way the course 

supports the learning objectives for the class—that kind of thing.  So, they’re more 

generic and they could very well be used regardless of the pedagogical methods that an 

instructor employs. (Faculty Member)   

Interviewees also mentioned challenges associated with time.  Department/division chairs 

described instructors’ desire for extended class periods with students, which has implications for 

institution-level scheduling.  Faculty focused on the need for more time to develop new student-

centered activities.  And although there continues to be pressure to cover content, decision 

making about which topics to cover appears to be more purposeful—that is, faculty are taking 

into account what is essential in a student’s learning progression.  Several faculty members and 

department/division chairs described efforts to “unburden” courses.  In the words of two:   

We had some discussion with our chemistry PLC the first year about topics that were in 

the textbook but some people never covered, and what we really thought was the most 

important content for moving on to the next chemistry course.  So I would say, if 

anything, I’ve left out a few more minor topics than I did before.  Just because other 

people were saying, “For my course, that comes after your course, we don’t even really 

talk about that,” or, “I end up having to reteach that anyway.”  So it’s kind of given me a 

little more time to spend on the core concepts for my classes.  (Faculty Member) 

One of the things about the traditional approach is that it’s possible to cover a lot of 

material.  You can get up there and lecture at a fast pace and get through a lot of stuff, 

but the depth of understanding that students are going to come away with is probably not 

going to be what you’re hoping for…What one would see is that there certainly has been 

a tradeoff with amount of material versus depth of coverage on select topics.  So there’s 

more depth of coverage now, more opportunities for students to really develop an 

understanding of those concepts.  (Department/Division Chair) 

SUSTAINABILITY AND LESSONS LEARNED  

Evaluation data presented in this report suggest that the project has positively influenced faculty 

members’ beliefs about STEM teaching and learning and has prepared them to integrate reform-
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oriented teaching practices into their instruction.  The project has also had a hand in fostering 

collaborative relationships among faculty members, leading to increased collaboration focused 

on student learning.  As C-Core comes to an end, interviews with department/division chairs, 

faculty members, and members of the leadership team provide insight into changes that the 

project has helped bring, as well as the steps being taken to maintain these gains and foster 

increased uptake in the future.  In addition, interviews highlight the work of the project going 

forward in reflecting on what they have learned and synthesizing this information into products 

that can be shared with others doing similar work.  

Transforming Teaching and Learning 

One major project goal was transforming STEM education at partner institutions to be better 

aligned with what is known from research about effective teaching and learning.  As described 

previously in this report, many positive changes have taken place, including increased use of 

teaching strategies that foster active student engagement, increased use of formative assessment, 

increased use of learning targets and success criteria, revisions to classroom configurations that 

encourage student collaboration, and “unburdening” the curriculum so that fewer topics are 

taught in greater depth.  All interviewed leadership team members expressed a belief that these 

gains will persist once C-Core has ended.  Some leadership team members commented on 

sustainability at the individual level, suggesting that changes in instruction would most likely 

persist among individuals who participated in the project.  Said two: 

So, I feel like a lot of the focus and a lot of the work that we did was actually like coming 

up with changes that we’re going to do in our own classrooms, in terms of what a 

classrooms looks like.  I feel like that was one of the main goals, and I feel like the 

changes that we’ve had there, those are definitely going to be sustainable, because every 

single person that I’ve talked to who’s been making these changes, they recognize that 

while it is difficult, and while it does take more time, they’re seeing interactions with 

their students that they’ve never seen before, and the benefits, I think, are very clear.  

That’s not to say that everything that’s tried actually works; definitely we talk about 

things that people are trying that don’t work, and they’re like, “Yeah, this is a disaster.”  

But I think that the more you learn about it, and the more you practice, and the more you 

take those losses and turn them into wins, the better people are going to get at it, so that’s 

the thing that I think is definitely going to persist is the actual what does a classroom 

look like on a day-to-day basis.  

Certainly here at Western, they will [continue], because I think the people who were in 

C-Core drank the Kool-Aid, so to speak.  They understand how much more students learn 

if we use student-centered approaches and if you use inclusive teaching strategies…They 

will certainly persist; I doubt it will be 100 percent of the people who participated in     

C-Core, but it will be a lot. 
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However, other leadership team members described how student-centered teaching has become 

part of the culture more broadly.  In the words of two:  

I think that there’s been a cultural shift among the faculty that were involved in the C-

Core program, and there’s been an ancillary effect with faculty that weren’t directly 

involved, through interacting with those faculty.  That’s created a cultural change and a 

shift in the way that we view teaching, so I think that the student-centered teaching model 

and the activities that go along with that are here to stay; I think that’s going to stick with 

us.  

I do not see us hiring a STEM faculty member in the next ten years who is not committed 

to student-centered teaching and learning in their classroom; I just don’t see it.  I’m 

talking full-time, tenure track; sometimes for adjunct, we’re hiring people right out of 

grad school with little experience.  This will just be an expectation.  We’ve always prided 

ourselves as an institution with hiring people who are really student-focused and really 

care about students, but this is actually going beyond that; this is really about putting 

good practice to play in the classroom. I think it’ll be something that’s looked for in 

every search committee that we have, and that changes the culture, and when you’re 

making hiring decisions with that in mind, that has a long-term impact; every individual 

faculty member has the ability to really impact things here in a big way. 

Still, while the momentum for improved STEM teaching that has been set in motion, most 

interviewed leadership team members indicated that they had hoped for more widespread 

change/improvements to teaching and learning across partner institutions at the culmination of 

the project.  In the words of two: 

The institutional change that I would like to see is everyone having the mindset of 

wanting to change and improve their teaching and the learning of their students….and I 

feel like that’s a really hard goal to achieve, because it’s hard to ask faculty members 

who’ve been doing the same thing for 20 years, “I want you to change everything,” and 

even if they buy into it and say, “I think that that’s probably good,” when push comes to 

shove, are they going to put in the time to actually do it?  That’s a different story. 

One of our goals was to create a critical mass of faculty in departments using these 

strategies, and I’d say we’re on the road to doing that, but I can’t definitively say we’re 

there.  I’m not sure what the tipping point might look like.  Some departments are farther 

along than others in this process. 

Several interviewees suggested that they may have seen greater progress towards this goal had 

the project taken additional steps to achieve buy-in, both from administrators and faculty 

members.  For example, one interviewee noted that teaching transformations seemed to progress 

more rapidly in departments where the department chairs were actively engaged in the process: 
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I don’t know if this would have worked or not—if not requiring, then strongly, strongly 

encouraging all department chairs to participate in the faculty professional development.  

We didn’t want to require that, because we didn’t want people to resist or to have people 

become defensive, or put up barriers in their departments.  But one of the things that we 

have noticed is that the departments where their chairs are actively engaged, our 

departments have moved much further and more rapidly along this transformation of 

teaching and learning practices in their department.   

In addition, leadership team members suggested that faculty members may have felt 

overwhelmed by the vast amount of information presented early on and unsure how to translate 

these new understandings into practice.  In the words of one: 

At the beginning, we were hitting faculty with the rationale for making these changes.  

We were talking about equity.  We were talking about creating an inclusive learning 

environment. We were talking about curriculum changes.  We were talking about 

working across the institutions on curricular alignment.  It was overwhelming to faculty, 

early on in particular.  The faculty were excited by it, but I don’t think they were walking 

out of meetings and workshops in the first six months with a lot of action-oriented things 

that they could put into place in the classroom, because we were trying to do so much.   

However, there are several steps being taken by departments that may serve to support and 

expand upon the changes in instructional practices that have come about as a result of C-Core.  

For example, some department/division chairs indicated that faculty evaluation forms are being 

revisited with the potential for revisions that more explicitly reward student-centered teaching.  

Said two: 

One thing we’re currently doing is reviewing our documentation for reviews and 

promotions and such things.  It’s really going to be a big push in the spring quarter, 

we’ve only just scratched the surface.  One of the intents is that the document will reflect 

this desire to have active learning in courses more explicitly. 

We’ve started to work on a new evaluation tool for teaching that is more focused on 

student-centered teaching methods, because the current evaluation tool we have is 

predicated on a very traditional classroom environment. 

Additionally, department/division chairs described their efforts to encourage and support new 

STEM faculty members in using student-centered teaching practices.  For example, some 

departments are taking steps to orient new faculty to the use of instructional practices aligned 

with C-Core.  As one department/division chair explained: 

I’m already planning a faculty retreat in the fall prior to a bunch of new people starting 

and we are going to [provide instructional guidance]…I think a lot of people at first, 
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when they are teachers, I think they resort to being the kind of teacher as they were 

taught, which is probably not using student-centered practices.  We encourage people to 

just work in one of these activities a week, or one every few weeks, or whatever.  And 

then as you get more comfortable with it, you’re going to see all other kinds of ways to 

implement that. 

Fostering Faculty Collaboration 

Another goal of the project was increased collaboration among faculty members, both within and 

across institutions.  Evaluation data indicated that a substantial amount of collaboration over the 

past four years occurred as a result of the summer and academic year PD workshops, and 

discipline-specific PLCs.  When asked about the likelihood of collaboration continuing once the 

project ends, several members of the leadership team suggested that collaboration would likely 

continue within institutions, with the degree of collaboration varying by department.  Said three:  

I think it will be more informal, probably, than I’d like it to be…but it’s becoming 

somewhat institutionalized.  So for example, biology  at Western, they were sort of ahead 

of the rest of the departments.…so they have started incorporating into their regular 

faculty meetings a pedagogical talk of some sort once a month so that they can talk about 

a new technique, so little things like that are starting to happen.  At Whatcom, I know 

they have formed a STEM PLC that ….will [likely] continue after the grant ends. 

It sort of depends on the different disciplines, but I can already see as the earlier cohorts 

have finished their work that the forced formality of it is starting to go away.   

I think that [within-institution PLCs] might [continue].  Those groups have been put in 

place, and there have been relationships that have developed between faculty that are 

here that probably will continue.   

However, project leaders were less optimistic about the likelihood of sustained collaboration 

across institutions.  Said two: 

As far as between institutions, it will be more challenging, because there are few 

mechanisms or incentives for people to come together.  But one of our hopes is that we 

can do periodic, maybe annual get-togethers for faculty involved in student-centered 

learning and make it more of a social event where people can come and share some of 

the things they’ve been working on, but have it be more informal so it’s part of that and 

also a social get-together. 

I think the C-Core project was an impetus and there were particular people involved in 

that, and I think as time evolves and things develop that those will probably fall away.  
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When asked what the project could have done differently to foster even greater collaboration 

among faculty at these institutions, leadership team members suggested that if the project had 

provided additional guidance and structure to PLCs as they were getting off the ground, these 

groups may have been more productive and more likely to persist.  In the words of two: 

One thing earlier on that we could have done and even throughout the project, is really 

emphasize the importance of the professional learning communities as a way to reflect on 

their teaching and learning.  

I think more mechanisms and more avenues to connect people might have been good, so 

it could have been having more opportunities for more conversations, either formally 

through additional meetings, or informally, through one-on-one contacts between faculty 

getting together in an informal way outside of the project might have helped strengthen 

contacts.   

Additionally, members of the leadership team indicated that it would have been beneficial if the 

project had been able to support faculty in diversifying meeting locations.  Said one: 

Most of the participating faculty were Western faculty, so they obviously were the main 

institution, but I think in terms of getting more people involved, or making people more 

enthusiastic, having one meeting a year at Skagit, or one meeting a year at 

Whatcom…but just sort of a little bit of like, “Hey, we’re reaching out; we know that this 

is Western-centric, but we’re interested in seeing where you all work.  We’ll take the time 

to come down and do that.”   

Developing Classroom Culture that Supports Student Learning 

Another goal of the project was to increase the engagement and success of students, particularly 

those who have been historically underrepresented in STEM.  Several members of the leadership 

team acknowledged that although faculty are increasingly aware of diversity and equity issues 

and have begun to incorporate more inclusive teaching practices, the project did not meet their 

initial goal of increasing the numbers of URM students in STEM majors.  In the words of two: 

We had some really good experiences bringing in student panels to talk directly with 

instructors about how some departments don’t feel welcoming of women or people of 

color.  Those experiences, I believe, really helped instructors think about what they can 

do in their own classrooms to set norms and what they can do in their departments to 

make sure that spaces are welcoming.  Students talked to them about issues that went on 

in lab spaces, or computer labs, that professors had no idea, so they made some changes 

within the department about how they’re monitoring student spaces and how they’re 
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interacting with students.  But that doesn’t really address what our goal was, to increase 

the number of underrepresented minorities in our STEM courses. 

It’s not just about creating a more welcoming classroom atmosphere, but it’s really 

increasing the number of underrepresented students who are completing STEM degrees 

and pursuing STEM degrees.  It’s just hard to say that we’re at a point where we’ve been 

able to make that difference.  I think that’s going to take a fair amount of time; I think we 

would all acknowledge there’s a way to go in reaching our goal in really increasing 

participation in these STEM fields.  I think most participants would say that the work 

they’re doing to reduce some initial barriers and create some more inclusive classroom 

environments and equitable assessments—all of that is with this in mind.   

Further, leadership team members highlighted the value of incorporating student voices, 

indicating that they wished they had done that more frequently, and earlier in the project.  As two 

said: 

Well, if we would have known the impact of the student panels at the beginning—I mean, 

the very first year, the people who were in charge of the inclusiveness part of the training 

focused on data, you know, “We have too few students of color, first generation students, 

whatever, at Western, for example.”  And over time, the project has evolved so it’s much 

more personal stories, and those have a much, much greater impact.  I certainly didn’t 

understand that; I’m a scientist; data speaks to me.  And I think that was sort of the way 

we approached it…The data, it was fine, but I don’t think very much changed.  After 

students started telling their stories, there was change.  

I wish we had more stories, kind of a sampling of underrepresented students in STEM 

majors, at the beginning of the project…One of the things that we found to be most 

powerful for our faculty have been student panels with diverse students sharing their 

experiences, their voices, and why they persisted in STEM, despite some of the challenges 

and barriers.  If we had known some of what they faced early on, or before the start of 

the project, it would have been interested to sample students at the beginning to inform 

our work in Year 1 more effectively. 

Interviewees suggested additional steps the project could have taken to address this goal, 

particularly increasing their focus on recruitment and admissions.  Said two:   

I feel like how we could have advanced beyond where we are now is to get more at the 

administrative level and talk to the people in admissions and Summer Start and get to 

students when they’re coming to campus and sending them the right messages about 

mindset earlier on. 
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I feel like that needs to include more admissions work that we have not done.  We have a 

lot of ideas about how to do that, but we didn’t really include admissions folks in our 

work, so we’re thinking that’s a next step that we should have thought about before.  

Plans for Disseminating Key Findings 

The project took a no-cost extension in order to synthesize and disseminate their key findings to 

others engaged in similar work.  Members of the leadership team indicated that they have begun 

to reflect upon their approach, with several noting that the recruitment of willing participants and 

well-planned PD opportunities were essential to their efforts.  In the words of one: 

If I were to summarize our model for doing this work: we started with a coalition of the 

willing, provided them with some good professional development, had a strong and 

involved leadership team at the beginning of the project to make sure things really got 

the momentum that they needed.  I think it was a critical decision for us to start building 

this critical mass within different disciplines.  This really helped to build the excitement 

and level of participation in this work, and to continue to broaden that and distribute the 

leadership over a period of time. 

Going forward, leadership team members anticipate that this reflection will lead to the creation 

of project products that can be disseminated. Although members of the leadership team have 

shared some tentative findings at a few conferences, they have not yet published any papers or 

created products to be shared with the field.  However, it is not yet clear what form these 

products might take.  In the words of two: 

I’ve been thinking about it in terms of a tangible product that could be shared with other 

institutions trying to do similar transformations that we’re trying to do, whether that’s a 

website or a set of online classes, or some kind of online community, or something.  I was 

thinking about this model as a tangible product; I may not be the only person who thinks 

about it that way, but other people might think about it differently. Thinking about it in 

that way, I think we’re a bit behind the curve, we don’t have an outward-facing website 

where people could get the products of our work and learn from them and use them to 

initiate their own faculty development program, for example.  It’s something that we’ve 

strived to do from Day 1 and just haven’t had the capacity to do. 

We’ve spent some time as a group talking about what parts of [our approach] we think 

would be adaptable for other universities, so we have in our heads a model.  We’ve 

written down a model, and we would like to consider another proposal where we try to 

either disseminate, through a website or through connections, try to disseminate our 

model to other universities within Washington.  
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SUMMARY 

Over the past four years, C-Core made a great deal of progress toward transforming 

undergraduate STEM education at SVC, WCC, and WWU, with measurable impacts in a number 

of areas.  One such area in which it was able to bring about changes was in relation to faculty 

collaboration.  Social network data suggest that faculty members are increasingly collaborating 

with one another, particularly in relation to student learning.  Although cross-institution 

collaboration is limited, intra-institutional collaboration is taking place, with particularly large 

increases in collaboration seen at SVC and WCC.   

 

Evaluation data also indicate that the project impacted faculty members’ beliefs about and 

feelings of preparedness to use reform-oriented teaching practices. Significant increases were 

seen over time in faculty members’ beliefs about the importance of various reform-oriented 

teaching practices (e.g., asking students to support their conclusions and/or claims about an idea 

with evidence, helping students apply concepts they have learned in new or different contexts) 

and in their feelings to use these practice.  Although the project hoped to also impact faculty 

members’ beliefs about learning-theory-aligned and confirmatory instruction, no significant 

changes were seen.  It appears that faculty initially held many beliefs consistent with what is 

known about how people learn, leaving little room for growth over time.  Additionally, given 

that confirmatory instruction is a longstanding and widespread practice in STEM education, it is 

perhaps not surprising that faculty were slow to let go of those beliefs in a relatively short 

timeframe. 

 

The project was also able to have an impact on the extent to which faculty integrate reform-

oriented practices into their instruction.  Data suggest that faculty are increasingly using these 

practices over time, with apparent increases in particular strategies, including student-centered 

teaching strategies and elicitation of student understanding prior to instruction on that idea. 

 

Another area of project emphasis was on supporting the creation of inclusive classroom cultures.  

Although there is still room for progress in this area, interview data suggest that faculty are 

becoming increasingly aware of the needs of diverse groups of students and are taking some 

steps to change their  practices to meet these needs. 

 

Recognizing that transforming STEM instruction is an enormous undertaking, the project 

attended to factors that not only served to support faculty in changing their teaching, but also 

those that could potentially act as barriers to these changes.  Encouragingly, faculty members 

generally perceived fewer barriers to using reform-oriented teaching practices in 2017 than they 

did in 2014.  However, survey data also indicate that some barriers still exist, including 

classroom configurations, lack of time, and expectations for content coverage by others in their 

departments. 
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As C-Core comes to a close, project leaders have turned an eye toward dissemination.  This 

process includes reflecting on gains that have been made in targeted areas, assessing efforts 

being taken to maintain these  gains, reflecting on what the project could have done differently to 

bring about even greater gains, and sharing the lessons learned more broadly.   
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Composite Definitions and Reliabilities 

 

To facilitate the reporting of large amounts of survey data, and because individual questionnaire 

items are potentially unreliable, groups of survey questions that measure similar ideas can be 

combined into “composites.”  Each composite represents an important construct related to        

project outcomes.  Cronbach’s Coefficient Alpha is a measure of the reliability of a composite 

(i.e., the extent to which the items appear to be measuring the same construct).  Although there is 

not a consensus in the field, HRI applies the following standards for Cronbach’s Alpha: a 

Cronbach’s Alpha of 0.6 is considered acceptable, 0.7 fair, 0.8 good, and 0.9 excellent.  

Each composite is calculated by summing the responses to the items associated with that 

composite and then dividing by the total points possible.  In order for the composites to be on a 

100-point scale, the lowest response option on each scale was set to 0.  As a result, someone who 

marks the lowest point on every item in a composite receives a score of 0, and someone who 

marks the highest point on every item receives a score of 100.  It also assures that 50 is the true 

mid-point.  The denominator for each composite is determined by computing the maximum 

possible sum of responses for a series of items and dividing by 100; e.g., a nine-item composite 

where each item is on a scale of 0–4 would have a denominator of 0.36. 
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Table A-1 

STEM Faculty Survey 

Composite: Frequency of Collaboration Focused on Teaching 
1. Discussed the key content ideas that students should learn (e.g., learning goals for particular courses, how ideas build 

across courses); 

2. Discussed the next instructional strategies to try based on students’ current ideas; 

3. Discussed the next concept(s) to address based on students’ current ideas; 

4. Discussed the logistics of implementing new teaching strategies (e.g., classroom arrangements, necessary materials); 

5. Observed or been observed by another faculty member while teaching; 

6. Reflected together on why particular instructional activities did or did not go as planned; 

7. Explored strategies for formally and/or informally evaluating student learning; and 

8. Discussed how to use the results of formal and/or informal assessments to modify instruction. 

Cronbach’s Coefficient Alpha 2014 = 0.894 

Cronbach’s Coefficient Alpha 2017 = 0.916 

Table A-2 

STEM Faculty Survey 

Composite: Frequency of Collaboration Focused on Student Learning 
1. Discussed difficulties students may have with particular content ideas (e.g., student alternate 

conceptions/misconceptions); 

2. Discussed ideas for increasing student interest/engagement; 

3. Discussed how student-centered teaching strategies (e.g., jigsaw, flipped classroom) could be used to improve student 

understanding of content ideas; 

4. Explored strategies for increasing the achievement of students who may be struggling; 

5. Explored strategies for supporting under-represented minority (URM) students; 

6. Reflected together on how particular instructional activities impacted student understanding of content ideas; and 

7. Examined student work and/or assessments to better understand their thinking about content ideas. 

Cronbach’s Coefficient Alpha 2014 = 0.876 

Cronbach’s Coefficient Alpha 2017 = 0.840 

Table A-3  

STEM Faculty Survey 

Composite: Beliefs about Learning-Theory-Aligned Instruction 
1. Instructors should provide students with opportunities to connect what they learn in the classroom to what they 

experience outside of the classroom 

2. Instructors should ask students to support their conclusions about a concept with evidence 

3. At the beginning of instruction on a concept, students should have the opportunity to consider what they already know 

about the concept 

4. Instructors should provide students with opportunities to apply the concepts they have learned in new or different 

contexts 

5. Students should have opportunities to connect the concepts they are studying to other concepts 

6. Students should consider evidence that relates to the concept they are studying 

Cronbach’s Coefficient Alpha 2014 = 0.732 

Cronbach’s Coefficient Alpha 2017 = 0.796 
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Table A-4 

STEM Faculty Survey 

Composite: Beliefs about Confirmatory Instruction 
1. Hands-on activities and/or laboratory activities should be used primarily to reinforce a concept that the students have 

already learned 

2. Instructors should explain a concept to students before having them consider evidence that relates to the concept 

3. Students should do hands-on activities after they have learned the related concepts 

4. Instructors should provide students with the outcome of an activity in advance so students know they are on the right 

track as they do the activity 

5. Students should know what the results of an experiment are supposed to be before they carry it out 

Cronbach’s Coefficient Alpha 2014 = 0.822 

Cronbach’s Coefficient Alpha 2017 = 0.757 

Table A-5 

STEM Faculty Survey 

Composite: Perceptions of Importance of Reform-Oriented Teaching Practices 
1. Provide students with clear, explicit learning goals 

2. Use student-centered teaching strategies (e.g., flipped classrooms, clickers, peer instruction, small-group work) 

3. Elicit students’ understanding of an idea prior to instruction on that idea 

4. Plan instruction to address difficulties students had in previous class sessions 

5. Adjust instruction during a class session because students aren’t “getting it” 

6. Help students make connections between ideas covered in one class session and ideas covered in other class sessions 

7. Help students apply concepts they have learned in new or different contexts 

8. Help students make connections between ideas covered in class and their experiences outside of the classroom 

9. Ask students to reflect on how their thinking about an idea has changed 

10. Ask students to support their conclusions and/or claims about an idea with evidence 

11. Provide feedback to students about what they have achieved and where they need to improve 

12. Have students review one another’s work and offer feedback; 

13. Prepare students to take responsibility for their own learning through self-monitoring, self-assessment, and self-

evaluation 

14. Use student data to plan for future instruction 

Cronbach’s Coefficient Alpha 2014 = 0.774 

Cronbach’s Coefficient Alpha 2017 = 0.858 

Table A-6 

STEM Faculty Survey 

Composite: Perceptions of Preparedness to use Reform-Oriented Teaching Practices 
1. Provide students with clear, explicit learning goals 

2. Use student-centered teaching strategies (e.g., flipped classrooms, clickers, peer instruction, small-group work) 

3. Elicit students’ understanding of an idea prior to instruction on that idea 

4. Plan instruction to address difficulties students had in previous class sessions 

5. Adjust instruction during a class session because students aren’t “getting it” 

6. Help students make connections between ideas covered in one class session and ideas covered in other class sessions 

7. Help students apply concepts they have learned in new or different contexts 

8. Help students make connections between ideas covered in class and their experiences outside of the classroom 

9. Ask students to reflect on how their thinking about an idea has changed 

10. Ask students to support their conclusions and/or claims about an idea with evidence 

11. Provide feedback to students about what they have achieved and where they need to improve 

12. Have students review one another’s work and offer feedback; 

13. Prepare students to take responsibility for their own learning through self-monitoring, self-assessment, and self-

evaluation 

14. Use student data to plan for future instruction 

Cronbach’s Coefficient Alpha 2014 = 0.898 

Cronbach’s Coefficient Alpha 2017 = 0.873 
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Table A-7 

STEM Faculty Survey 

Composite: Use of Reform-Oriented Teaching Practices 
1. Provide students with clear, explicit learning goals 

2. Use student-centered teaching strategies (e.g., flipped classrooms, clickers, peer instruction, small-group work) 

3. Elicit students’ understanding of an idea prior to instruction on that idea 

4. Plan instruction to address difficulties students had in previous class sessions 

5. Adjust instruction during a class session because students aren’t “getting it” 

6. Help students make connections between ideas covered in one class session and ideas covered in other class sessions 

7. Help students apply concepts they have learned in new or different contexts 

8. Help students make connections between ideas covered in class and their experiences outside of the classroom 

9. Ask students to reflect on how their thinking about an idea has changed 

10. Ask students to support their conclusions and/or claims about an idea with evidence 

11. Provide feedback to students about what they have achieved and where they need to improve 

12. Have students review one another’s work and offer feedback; 

13. Prepare students to take responsibility for their own learning through self-monitoring, self-assessment, and self-

evaluation 

14. Use student data to plan for future instruction 

Cronbach’s Coefficient Alpha 2014 = 0.818 

Cronbach’s Coefficient Alpha 2017 = 0.810 

Table A-8 

STEM Faculty Survey 

Composite: Perceived Barriers to Reform-Oriented Instruction
†
 

1. I am familiar with student-centered teaching strategies (e.g., flipped classrooms, clickers, peer instruction, small group 

work) 

2. I would like to incorporate more student-centered teaching strategies into my courses 

3. Lecture-based teaching is effective for teaching STEM concepts to college students 

4. Student-centered teaching is effective for teaching STEM concepts to college students 

5. It is important that I cover a wide array of topics in my course, even if these topics are not all covered in-depth 

6. Others in my department expect me to cover certain topics in my courses so that students are prepared for future STEM 

courses 

7. I do not have enough time to learn more about student-centered teaching strategies and how to use them 

8. I do not have enough time to incorporate student-centered teaching strategies into my courses even if I wanted to 

9. My students are familiar with lecture-based teaching and would be resistant to alternative ways of teaching 

10. The classrooms I teach in are not conducive to alternative teaching strategies (due to size, layout, seating, etc.) 

11. Others in my department expect me to use lecture-based teaching practices 

12. Others in my department expect me to use student-centered teaching practices 

13. The use of lecture-based teaching practices is important for tenure/promotion/rehiring in my department 

14. The use of student-centered teaching practices is important for tenure/promotion/rehiring in my department 

Cronbach’s Coefficient Alpha 2014 = 0.669 

Cronbach’s Coefficient Alpha 2017 = 0.758 
† Because this composite represents perceived barriers, items 1, 2, 4, 12, and 14 were flipped before calculating the 

composite score. 


