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S Y M P O S I U M

LEADERSHIP FOR UNDERGRADUATE STEM 

REFORM: WEAVING A COMMUNAL WEB

ELLEN S. GOLDEY

Successful reform of undergraduate science, technology, engineering, and mathematics (STEM) 

education requires good leaders; therefore, leadership development will be key if the national calls 

for reform (e.g., Vision and Change) are to be answered. The Partnership for Life Sciences Education 

(PULSE) is focused on whole-department reform, which will require recruiting and supporting 

grassroots reformers who lead their colleagues through the change process. Department leaders 

will require (a) support networks that extend within and beyond each institution, (b) development 

of leadership skills and competencies, and (c) a mutually agreed-upon strategic plan that inspires 

all to action. The STEM Department Evaluation Rubric is presented here as a tool to help establish 

that shared vision. Successful leaders will also need resilience, good humor and moral imagination, 

because the challenges are many but the rewards are substantial and sit at the core of the mission 

of our institutions. 

Th e National Science Foundation (NSF) has directed 
over $22 billion to the reform of undergraduate STEM 
education since 1950, but the model of development 
and dissemination embraced by NSF has not worked 
as predicted; i.e., dissemination has not led to wide-
spread adoption of reformed practices. Research evi-
dence refutes several myths that are often blamed for 
this problem, including the assumptions that faculty 
members are unaware of the calls for reform, antagonis-
tic or apathetic to their teaching responsibilities, and/or 
blind to the research on best pedagogical practices; many 
know what should be done, but for a myriad of reasons, 
they are not doing it (Dancy & Henderson, 2008). 

However, success stories exist, and institutions that 
have transformed their programs share a key ingredient: 

eff ective leadership of reform eff orts.  Eff ective leader-
ship of STEM reform requires (a) support networks 
among the various subsystems within and beyond each 
institution, (b) development of a broad base of grass-
roots reformers with good leadership skills, and (c) a 
shared strategic vision and action plan so that the work 
of change, although challenging, is inspirational and 
the risks and rewards are shared broadly.

Taking a Systems Approach: Building a 
Communal Web Among Subsystems
Application of systems theory to the Academy’s tradi-
tional structure places the faculty member in the sys-
tem’s center, surrounded by an outwardly expanding 
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widespread reform as envisioned in Vision and Change 
in Undergraduate Biology Education: A Call to Action 
(American Association for the Advancement of Science 
[AAAS], 2011). Forty PULSE Fellows were selected to 
lead this eff ort, including this article’s author. A novel 
experiment in educational leadership, the fellows rep-
resent institutions that span the full range of Carnegie 
Classifi cations. Th e fellows agree that transformation of 
an entire department requires eff ective leadership and 
scaff olding among internal and external subsystems. 

One way to view the PULSE initiative is as a tenu-
ous but strengthening thread that extends outward to 
link together the web’s various agencies and disciplinary 
societies and inward toward the department and faculty 
members to build the leadership and support necessary 
for department-wide reform. Although PULSE is work-
ing to create networks among all subsystems in Austin’s 
“web,” the main focus of this article is on developing 
the leaders needed for department reform.  

Leading Intramural Web Building: The 
Department as a Refuge for Reform
Although this paper argues in support of a distributed 
model of grassroots leadership for undergraduate STEM 
education reform (May, Susskind, & Shapiro, 2013; 
Kezar, Bertram Gallant, & Lester, 2011), it also acknowl-
edges that whole-department reform usually requires at 
least one especially dedicated and socially adept leader, 
perhaps the department chair, who, with seemingly end-
less resilience, patience, and encouragement, can keep 
the goals for reform in the forefront—especially during 
the inevitable episodes of strife, uncertainty, and failure 
when retrenchment is most seductive. 

Department chairs are uniquely situated to be able 
to create a safe refuge for reform to unfold. One might 
imagine the department as the web’s safe (nonsticky) 
retreat within which instructors can explore new strate-
gies without fear of punitive action during the most 
vulnerable stages of change. A chair’s dual adminis-
trative/faculty position provides an opportunity to 
educate other top leaders on the goals of the reform 
and garner their support; creating what Allan and 
Estler (2005) call an “attention magnet,” which helps 
to ensure that implemented changes will be given the 
time and support to take hold. However, this increased 
attention brings increased scrutiny, which heightens 

series of rings that aff ect her/his teaching-related deci-
sions (Austin, 2011). The first surrounding ring is 
the department, with its particular norms and tradi-
tions, the second ring is the institution with its unique 
expectations and reward structures, and the third ring 
represents the extramural infl uences, such as accred-
iting bodies and scholarly organizations. Brownell 
and Tanner (2012) point out that most STEM fac-
ulty members describe themselves fi rst and foremost 
as research scholars and view teaching as a lower-status 
activity; therefore professional societies, which infl uence 
professional identity more than institutional affi  liation 
does, must help correct this identity imbalance. Austin’s 
(2011) model of expanding circles of subsystems creates 
the illusion of a web built by an orb-weaving spider, 
which is a useful metaphor. 

Th e often beautiful web of an individual orb weaver 
goes unnoticed by other members of the species; and 
such is the fate of much of the excellent work of STEM 
faculty members who pursue exemplary work in the 
absence of a supportive network or eff ective leadership. 
Th erefore, broad reform of undergraduate STEM educa-
tion will require the development of leaders who spin a 
more extensive web that connects these subsystems more 
intentionally. To extend the metaphor (with apologies to 
the arachnophobic), imagine a web constructed by com-
munal spiders that cooperate and collaborate. Unlike orb 
weavers that expend copious energy to construct a new 
web daily, communal spiders, such as Agelena consociata, 
work together to establish large, long-lasting, elaborate 
webs that increase the abundance of captured prey (e.g., 
students that remain in STEM disciplines), endure harsh 
conditions (e.g., economic downturns), and result in a 
shared bounty across the entire colony (e.g., new cad-
res of creative and collaborative scholars applying their 
STEM knowledge to help solve world problems). 

In 2012 a few change agents within three power-
ful external subsystems, NSF, the National Institutes 
of Health/National Institute of General Medical 
Sciences (NIH/NIGMS), and the Howard Hughes 
Medical Institute (HHMI), worked across bureau-
cratic boundaries to launch the Partnership for Life 
Sciences Education (http://www.pulsecommunity.org). 
Rather than targeting change at the individual faculty 
member level, PULSE identifies the whole depart-
ment as the smallest unit of change required to yield 
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these students then served as teaching and lab assis-
tants and peer tutors for the new courses. Th ese stu-
dents energized and stretched their faculty partners, 
garnered campus support for the work, and developed 
remarkable leadership skills of their own (Goldey, 2004; 
Goldey et al., 2012).  

Tempered Radicals: Leadership 
Development of the Web Spinners 
Although there are stories of successful reform led by 
already powerful “organizational catalysts” (Meyerson & 
Tompkins, 2007), the premise of this paper is that more 
widespread reform of STEM undergraduate education 
will come from grassroots leadership (Kezar & Lester, 
2009; Kezar et al., 2011; May et al., 2013). Grassroots 
leaders view leadership as a democratic and collective 
process and work from the theory that good leadership 
inspires collaborative teams to work toward outcomes 
for the common good (Komives & Dugan 2010).

Th e term “tempered radical” describes the type of 
grassroots leader who “quietly challenges prevailing wis-
dom and provokes cultural transformation” (Meyerson, 
2001, p. 1). Embedded within their institutional con-
text (i.e., they know the institution well and are dedi-
cated to its mission), these leaders are able to critique 
the “taken for granted beliefs about how schools should 
be organized” (p. 305) because they have an awareness 
of what is going on beyond their own institutional con-
text (Meyerson & Tompkins, 2007). Kezar and Lester 
(2009) note that faculty members who “get out more” 
and attend academic conferences are more likely to 
build leadership skills and networks of support, which 
they draw on to enact change, and the PULSE Fellows 
typify this fi nding.

Tempered radicals may not expect to fi nd themselves 
in leadership roles. As principal investigator on two 
NSF grants for curricular reform at Woff ord College 
(Goldey, 2004; Goldey et al., 2012), I developed lead-
ership skills as a byproduct of learning beyond my dis-
ciplinary training. As I overcame my ignorance and 
negative biases regarding pedagogy and assessment, my 
view of what defi nes and supports excellence in teach-
ing and learning expanded dramatically. As I learned, I 
was motivated to become a better teacher and to inspire 
others to do the same because I believe deeply in our 

anxiety among a department’s instructors. Th erefore, 
it is important to both acknowledge and calm charged 
emotions through empathetic dialogue and reassur-
ance that no one will be penalized for accepting the 
risks associated with change. For example, a good chair 
must protect colleagues from misinterpretation of evi-
dence from ineff ective assessment instruments, such as 
standard course evaluations that haven’t kept up with 
the pedagogical reform agenda. A student comment 
such as “the instructor didn’t lecture, I had to teach 
myself,” may be reason to applaud the use of engaging 
pedagogies rather than cause for concern. In addition, 
a good chair celebrates small wins (Weick, 1984), such 
as setting aside a few minutes at a department meeting 
for a colleague to share the outcome of a new, course-
embedded research project, in order to build a sense of 
shared purpose, appreciation, and camaraderie.

Chairs and other key change agents must also 
maneuver the hierarchies within their department. For 
example, leaders who actively seek the wisdom and 
advice of their long-time colleagues will build powerful 
allies as opposed to a cadre of contrarians. In addition, 
shared sacrifi ce—and shared vulnerability—is an espe-
cially eff ective strategy for building trust and respect. As 
noted by May et al. (2013), many potential “grassroots 
leaders needed the extra motivation of seeing one of 
their most respected peers accepting the challenge of 
course reform” (p. 29) before engaging in their own; 
therefore, chairs who reform their own practices are 
compelling role models.

New and part-time faculty members should also 
contribute their experiences and ideas for improving 
teaching and learning, and thus become leaders in this 
collaborative reform eff ort. For example, an increasing 
focus on pedagogical training in PhD programs (Pfund 
et al., 2012) means that new hires may arrive ready to 
share pedagogical practices unknown to their senior 
colleagues, so chairs need to tap into this leadership 
potential. 

Finally, although students are not included as a 
subsystem in Austin’s (2011) systems approach, they 
should be, as they are an underused source of grassroots 
leadership and creative energy to support reform eff orts. 
In two major curriculum reform initiatives at Woff ord 
College, groups of students were invited to partner 
with faculty members to develop new curricula, and 
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struggle with articulating a continuum from baseline to 
exemplary for each new factor.

Concluding Comments on Communal 
Web Building: Weaving in a Little Fun
Any major change initiative requires extra work and 
shared sacrifi ce, and reform eff orts will fail if the work-
load isn’t distributed among many and if the high 
stress levels that surround major change drag on for 
too long. Th ere is one particularly inspiring prediction 
that leaders need to make when promoting reform: 
“Once we get through this challenging time, teaching 
is going to be much more rewarding and a lot more 
fun.” Th erefore, leaders should establish realistic but 
ambitious timelines for implementing reform so that 
everyone, especially the key leader(s), can envision a 
not-too-distant return to normalcy. Stories from those 
who have made it through to the other side can add 
credibility to the “fun” prediction. At Wofford we 
undertook a dramatic transformation of our fi rst-year 
curriculum, and the pain of shared sacrifi ce lasted about 
two years, after which the change had become the new 
norm and stress had been replaced by a refreshing sense 
of job satisfaction. Now, fi ve years out, we enjoy lively 
discussions among colleagues and students. We have 
fun planning which follow-up experiments should be 
pursued next year based on the results of this year’s class 
research projects, and it is a joy to have to tell students 
to pack up and leave class because they were so engaged 
in an activity that they lost track of time. Th e changes 
have continued to spread throughout the department’s 
four-year curriculum, and the robust assessment plan 
has provided converging lines of evidence that indicate 
achievement of desired learning outcomes, as well as 
broad, positive impacts throughout the college and 
beyond (Goldey et al., 2012).  

John Lederach, a long-time peace negotiator in 
regions of the world torn by religious confl ict, identi-
fi es “moral imagination” as the essential trait required 
of successful leaders in his fi eld, and he notes it has 
four characteristics: the creativity to imagine beyond 
what others deem possible, relationships with those 
they fear, paradoxical curiosity in probing complex-
ity, and willingness to be vulnerable and accept risk 
(Lederach, 2005). Although the stakes of STEM edu-
cation reform may not be as high, Lederach’s ideal of 

shared mission to educate students. Becoming a leader, 
in and of itself, is not, I think, what motivates most 
members of the faculty to lead; nor are we comfortable 
with thinking of our colleagues as “subordinates” within 
a context of “participant leadership” (Woods, 2007), 
even if that is what we are doing. Instead, grassroots 
leaders emerge when we have a destination that we 
believe in, and we want others to pursue the same goal. 

Leading With Shared Vision: The Unique 
Structure of Each Department’s Web 
Advocating for change without clear, widely shared 
aspirations may be justifi ably interpreted as change for 
change’s sake, and outward protest or quiet entrench-
ment may derail good intentions. Although external 
forces may encourage change (e.g., the new Medical 
College Admission Test) (Ferren & Ferren, 2012), 
 intellectual autonomy is a highly valued tradition in 
the Academy, and leadership is most eff ective when it 
is freely shared and all have participated in identify-
ing the strategic vision and path forward (Henderson, 
Finkelstein, & Beach, 2010). 

The STEM Department Evaluation Rubric (see 
 Appendix A) was developed to stimulate honest con-
versation about current strengths, serve as a guidepost 
for setting aspirational goals, and build the grassroots 
leadership of all members of a department, regardless 
of experience level or particular area of expertise. Th e 
rubric is intentionally brief, and it can help make the 
most of limited face time by establishing a common 
language and a baseline of knowledge about its topics.

Running down the left of the rubric is a list of factors 
that optimize student learning and faculty performance. 
Across the top from left to right runs a scale, from base-
line to exemplary, with corresponding descriptions of 
increasing departmental achievement for each factor. 
“Baseline” should not be perceived as anything but 
an opportunity to grow, as it represents the common 
starting point for reform at most institutions. The 
Exemplary category is intentionally ambitious, and it 
may be unlikely that any institution will ever achieve 
Exemplary in all factors, nor should Exemplary be con-
fused with some fi xed target, lest it justify complacency. 
Users may argue justifi ably that the rubric leaves out 
factors too important to ignore for their context, and 
such users are encouraged to add those factors and to 
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moral imagination can be a guiding premise in our 
work, too. Th e work of undergraduate STEM educa-
tion reform at the department level is done by tempered 
radicals with moral imagination, like the small cadre 
within NSF, NIGMS, and HHMI who bridged the 
bureaucratic boundaries between their organizations to 
create PULSE. Th e other PULSE Fellows and I imagine 
a national eff ort to develop leaders who are connected 
across cultural and institutional boundaries in a shared 
mission to best educate all students to become schol-
ars, engaged citizens, and positive change agents in the 
world. Perhaps with a little more moral imagination, we 
can reach inward and outward throughout the subsys-
tems to weave a more communal web and share in the 
benefi ts, and the fun, of our combined eff orts.
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