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Abstract This research examines the relationship between leader-member exchange,
trust, and research center performance with satisfaction and commitment to the research
center in all Industry/University Cooperative Research Centers supported by the National
Science Foundation in the United States. University administrator ratings of center performance fully mediated the positive relationship between leader-member exchange and
trust and the extent to which university administrators reported satisfaction with and
commitment to the Industry/University Cooperative Research Center that reported to them.
We discuss the manner in which leadership relationship and research center performance
mutually reinforce each other and the importance of this in creating and transferring
technology in industry-university research partnerships and the implications of this for
science policy.
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1 Introduction
Approximately two-thirds of award-winning innovations in the United States during the
period 1970–2006 required some form of interorganizational collaboration (Block and
Miller 2008). The high incidence of collaboration reflects the cooperation required to
create complex innovations, the increased role of the private sector in funding earlier
stages of the innovation process, and encouragement of collaborative research by federal
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funding agencies and universities (Block and Miller 2008). One unique form of industryuniversity research collaboration is the Industry/University Cooperative Research Center
(I/UCRC) promoted and funded by the National Science Foundation (NSF; National
Science Foundation 2008). I/UCRCs facilitate collaborative relationships involving
industrial firms and universities through formalized mechanisms for developing and
transferring new knowledge and technologies (Betz 1996). Industrial firms benefit from the
alliance by gaining access to experts and leading-edge research facilities and technologies
(Santoro and Chakrabarti 2001) as well as by enhancing their reputation from association
with prominent academic institutions (Fombrun 1996). Universities benefit by receiving
educational and employment opportunities for students and post-doctoral researchers as
well as contributions of laboratory equipment and financial support from partner firms
(National Science Board 2006; National Science Foundation 1982).
I/UCRCs are organizationally and administratively complex because they straddle
multiple disciplines, multiple academic departments and multiple organizations and, as a
result, have multiple groups of stakeholders that must be satisfied. Leaders of I/UCRCs can
coordinate complexity and enhance technological innovation by removing boundaries and
managing internal relationships at multiple levels of the organization as well as cultivating
relationships with external collaborators (Davis 1995). Leaders must be skilled administrators to establish strong links through internal and external boundary spanning while
simultaneously managing their own research teams (Van de Ven 1986). As leader of a
research and development (R&D) organization, I/UCRC directors must create and sustain
an organizational climate for innovation, acquire money and resources, develop effective
internal relationships with superiors, colleagues and subordinates, and nurture effective
external relationships with industry partners (Amabile 1988; Elkins and Keller 2003).
Directors of I/UCRCs, despite being distinguished scientists and engineers, may be challenged by the leadership demands of such organizational complexity (Gray and Walters
1998).
This research examined all I/UCRCs in the United States that were operating in 2005.
We studied the leadership relationship involving center directors and the university
administrators to whom they reported. University administrators are important to the
success of I/UCRCs because they can interpret university rules in a manner that is
favorable to the center (e.g., choice of indirect cost rates), provide critical resources to
support the center’s operation (e.g., space, equipment, and administrative support), and
remove barriers to center performance (e.g., ensure cooperation across university departments and colleges; Gray and Walters 1998). We examined two aspects of the leadership
relationship involving I/UCRC directors and the university administrators to whom they
reported—leader-member exchange and trust.

2 Leader-member exchange and leadership
Leader-member exchange (LMX) is a theory of leadership that emphasizes the rolemaking process involving leaders and work group members who report to them and the
extent to which their relationship exhibits exchange and reciprocal influence (Yukl 2010).
The role-making aspect of LMX theory has received greater research attention than its
exchange aspect (Liden et al. 1997). Focus on leadership relationships rather than leader
characteristics or leadership style distinguishes LMX theory from other leadership theories
(House and Aditya 1997). Developed by Graen and colleagues (Dansereau et al. 1975;
Graen 1976; Graen and Cashman 1975), the original formulation of LMX theory was
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grounded in role theory (Kahn et al. 1964), which states that organizational members
occupy roles that specify the work behavior that is expected of them. LMX theory
emphasizes the importance of leaders in the role-making process (Graen 1976). As roles
evolve, leaders provide desired outcomes in exchange for member contributions.
Exchanges vary in quality across members on the basis of interpersonal compatibility and
member performance, competence, and reliability. Members able to develop high quality
exchange relationships receive desirable outcomes such as valued job assignments, promotion opportunities, delegation of greater responsibility, and pay increases as a result of
their high LMX relationship. In exchange, members are expected to work harder, demonstrate loyalty to the leader, and share some of the leader’s responsibilities. The relationship evolves and strengthens as both leader and member satisfy mutual expectations
and needs, reward exchange behaviors and successfully influence each other, and as a
result create a relationship that has high LMX quality (Graen and Scandura 1987). Member
and leader ratings of LMX quality demonstrate only modest agreement, however, suggesting that each member of the dyad may pay attention to and value different aspects of
the relationship (Deluga and Perry 1994; Gerstner and Day 1997; Liden et al. 1993;
Scandura and Schriesheim 1994).
Early formulations of LMX theory emphasized that relationship quality varies across
each leader-member dyad, with members divided into in-groups or out-groups based on the
quality of exchange and the strength and closeness of the leader-member relationship. Ingroup members have high quality LMX relationships that are characterized by greater
mutual influence, support, and trust that spur them to act beyond the requirements of their
formal job descriptions (Graen and Uhl-Bien 1995; Liden and Graen 1980). In contrast,
out-group members have lower quality exchanges that are characterized by less trust,
mutual respect, and obligation that induce them to constrain their performance to meet only
minimum requirements of the work role; their performance meets role expectations but
does not exceed them (Graen and Uhl-Bien 1995; Liden et al. 1997). LMX theory has been
reformulated to reduce the distinction between in-group and out-group members and
advocates instead strengthening all leadership relationships (Graen and Uhl-Bien 1995).
Consistent with this recommendation, we ignore the distinction between in-group and outgroup membership in our analysis.
LMX theory has received extensive empirical support. Reviews of research show that
LMX quality is related to meaningful organizational antecedents and outcomes (Erdogan
and Liden 2002; Gerstner and Day 1997; Graen and Uhl-bien 1995; Liden et al. 1997;
Schriesheim et al. 1999). Common antecedents of LMX quality include leader-member
similarity in attitudes, values, and personality traits, as well as member competence,
dependability, effort, and performance. Common outcomes of high LMX quality include
increased job satisfaction, organization commitment, mentoring, open communication, role
clarity, and high performance of members. Some variables such as performance may serve
either as an antecedent or outcome of LMX quality. We discuss below how we examine
performance as both antecedent and outcome.
Relevant to I/UCRCs, Graen and Scandura (1987) hypothesize that high quality LMX
relationships empower subordinates to engage in innovative behavior. Scott and Bruce
(1994, 1998) found that LMX quality is related to innovative behavior of R&D professionals engaged in product and process innovation, and that reciprocal influence processes
inherent in strong LMX relationships are beneficial to innovation. Tierney et al. (1999)
found that LMX quality was positively related to several measures of individual creativity
among R&D employees. Moreover, the LMX relationship had an enabling effect for less
creative employees who demonstrated greater creativity when they reported a high quality
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LMX relationship with their leader. High quality LMX relationships are related to the
following variables that may mediate creation and transfer of technological innovations:
providing others with challenging tasks (Liden and Graen 1980) and recognition (Graen
and Cashman 1975), support of risk-taking (Graen and Cashman 1975), successful resource
acquisition (Graen and Scandura 1987), supportive advocacy (Duchon et al. 1986), and
providing task and relationship support (Amabile et al. 2004).
We examined the center director-university administrator leadership relationship and its
association with the attitudes that university administrators have toward the I/UCRC.
Consistent with previous research, we expected to find that high quality LMX relationships
between I/UCRC center directors and university administrators would be positively related
to university administrator satisfaction with and commitment to the I/UCRC.

3 Trust and leadership
Mayer et al. (1995, p. 712) define trust as the ‘‘…willingness of a party to be vulnerable to
the actions of another party based on the expectation that the other will perform a particular
action important to the trustor (the individual trusting), irrespective of the ability to
monitor or control that other party.’’ We used this definition of trust to guide our research
as it is widely accepted in the organizational research literature (Rousseau et al. 1998).
Trust has cognitive and affective components (Lewis and Weigert 1985). Cognitionbased trust results from rational evaluations of the other person’s reliability and
dependability, whereas affect-based trust results from emotional bonds or reciprocated
interpersonal care and concern between both members of the relationship (Lewis and
Weigert 1985; McAllister 1995). Although affective and cognitive components may be
differentially related to outcomes, most research that examines the influence of trust in
leadership combines both components and employs a single scale score to represent the
construct (Dirks and Ferrin 2002). We combined cognitive and affective components to
represent a single dimension of trust to simplify interpretation of our results and to make
our results more easily comparable to the research of others.
Trust plays a central role in leadership relationships and influences desired outcomes
such as satisfaction, commitment, and performance (Costigan et al. 1998; Dirks 1999).
Dirks and Ferrin (2002), in a meta-analysis of the literature devoted to trust and leadership,
found that trust is related to job satisfaction and performance, goal attainment, organizational commitment, intention to leave the organization, satisfaction with leader, and leadermember exchange. Trust is most strongly related to attitudes such as satisfaction and least
strongly related to job performance (Dirks and Ferrin 2002). The importance of trust in
leaders may be universal. Ratings from 60 societies/cultures reveal that trustworthy leaders
are perceived around the globe to be more effective (Den Hartog et al. 1999).
Trust may be related to organization-level outcomes such as I/UCRC performance
because it lowers agency and transaction costs (Jones 1995), promotes smooth and efficient
market exchanges (Arrow 1974), and improves the organization’s ability to adapt to
complexity and change (Korsgaard et al. 1995; McAllister 1995). Trust also strengthens the
type of industry-university collaboration required for successful I/UCRC performance
(Santoro and Saparito 2003). We expected to find that university administrators who
reported a high level of trust in the director of the I/UCRC that reported to them would also
report greater satisfaction with and commitment to the I/UCRC.
LMX and trust are moderately related to each other (average uncorrected r = .59; Dirks
and Ferrin 2002), but the causal structure underlying this relationship is uncertain. Some

123

Leadership and trust

515

researchers distinguish between trust and LMX, most often treating trust as a correlate of
LMX quality (Cunningham and MacGregor 2000). Other researchers treat trust as a
component of the LMX construct. Brower et al. (2000) argue that LMX quality comprises
two forms of trust that do not have to be balanced or reciprocated in leadership exchange—
leader’s trust in subordinate and subordinate’s trust in leader. Moreover, trust is viewed by
some to be a broader construct than LMX that may include additional aspects of trustworthiness, benevolence, openness, receptiveness, and the emotions related to trusting
(Brower et al. 2000; Butler 1991; McAllister 1995). Because of its greater theoretical
breadth, we expected that trust may be related differently than LMX with university
administrator satisfaction with and commitment to the I/UCRC. In keeping with the Dirks
and Ferrin (2002) interpretation of the literature and to allow more detailed interpretation
of results, we treated LMX and trust as separate predictors in our analysis.

4 LMX, trust, and performance
Ability, competence, and performance are positively related to LMX quality and trustworthiness in organizations (Dirks 2000; Mayer et al. 1995; McAllister 1995). Member
performance is both an antecedent and outcome of LMX quality (Erdogan and Liden 2002;
Gerstner and Day 1997; Liden et al. 1997; Schriesheim et al. 1999). The original formulation of LMX theory emphasized the role-making process for leaders and members at
the beginning of their relationship (Graen 1976). Roles become routinized over time as
leaders and members engage in exchange (Graen and Scandura 1987; Graen and Uhl-Bien
1995). High member performance early in the relationship leads to greater trust and higher
quality leader-member exchange, which lead in turn to greater assistance and support
provided by the leader, which then increase member performance (Graen and Scandura
1987). Hence, LMX, trust, and performance are reciprocally related and mutually reinforce
each other over time. Longitudinal research required to test this reciprocal relationship has
been rare and has yielded mixed results (Erdogan and Liden 2002; Liden et al. 1997).
Leader ratings of member performance are positively correlated with trust and ratings of
LMX quality, but the strength of this relationship depends on the type of performance
measure that is used; subjective ratings of performance are more highly correlated than are
objective measures of performance (Gerstner and Day 1997). Duarte et al. (1993, 1994)
reported that performance ratings of low LMX members were related to objective measures of their performance, whereas high LMX members received high performance ratings that were unrelated to objective measures of performance. This pattern of correlations
suggests that some inflation may exist in subjective ratings of performance for members
who have a high LMX quality relationship with the leader.
We expected that I/UCRC performance would be positively associated with university
administrator satisfaction with and commitment to the center as well as their perceptions of
trust and LMX quality. Because performance may serve as both an antecedent and outcome
of trust and LMX quality, we analyzed it both ways. We did this because the leadership
relationships we studied were well established, existing on average for more than 3 years.
This length of time is sufficient for center directors to demonstrate competence and achieve
success for their center, which should in turn influence university administrator attitudes
toward the center, which may then increase their support of the I/UCRC thus enhancing its
performance. We examined two models of mediation by altering the position of I/UCRC
performance in the equations: (1) I/UCRC performance as a mediator of the relationship
between LMX and trust and university administrator satisfaction with and commitment to
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the I/UCRC; (2) LMX and trust as mediators of the relationship between I/UCRC performance and university administrator satisfaction with and commitment to the I/UCRC.

5 Method
5.1 Participants and sampling procedures
The data reported here are part of a national study of leadership in NSF I/UCRCs. Directors
of all I/UCRC sites in the United States were asked to participate in the study and provide
contact information for the university administrator to whom they reported. Out of the
population of 127 center and site directors invited to join the study, 105 directors agreed to
participate (82.7% response rate). Of these, 96 I/UCRC directors provided complete
questionnaire data and were asked to nominate the university administrator to whom they
reported to participate in the study. Of 96 university administrators invited to participate in
the study, 52 completed questionnaires (54.2% response rate). University administrators
were typically department chairs, deans, or vice-presidents for research.
An email invitation was sent to each participant that described the purpose of the study.
Upon joining the study, a unique password was sent to provide access to the questionnaire
and participants were directed to the web site where the questionnaire was located. University administrators received weekly reminders via email until they completed the
questionnaire. After 4 weeks, university administrators who had not completed the questionnaire were called by telephone and asked to participate. University administrators
received up to 10 phone calls and 12 email reminders until they completed the questionnaire or they asked to be removed from the study. Most participants completed the
questionnaire after receiving a small number of follow-up requests. Responses were
confidential but not anonymous.
5.2 Measures
University administrators rated the quality of the leadership relationship involving center
directors, their satisfaction with and commitment to the I/UCRC, and performance of the
I/UCRC and its director. Leader ratings such as these are commonly used to study trust,
LMX, and other aspects of the leadership relationship, and their association with other
variables such as satisfaction, commitment, and performance (Dirks and Ferrin 2002;
Erdogan and Liden 2002; Gerstner and Day 1997; Liden et al. 1997; Schriesheim et al. 1999).
5.2.1 Leader-member exchange
Leader-member exchange quality was measured using the LMX-7 (Graen et al. 1982). The
LMX-7 is recommended and used most widely to assess the quality of leader-member
exchange and has the strongest psychometric properties (Gerstner and Day 1997; Graen
and Uhl-bien 1995), although it may not represent the full range of the leader-member
exchange construct (Liden and Maslyn 1998; Schriesheim et al. 1999). The LMX-7 consists of 7 items employing a five-choice response format with varied choices. Item wording
reflected the relationship involving center directors and university administrators. University administrators rated the quality of leadership exchange involving the center director
reporting to them. The coefficient alpha for this scale was .83.
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Further evidence for reliability comes from examining agreement between university
administrator and center director ratings of LMX quality (r = .38, p = .008). The strength
of this agreement is consistent with other research. The mean sample-weighted correlation
between leader and member ratings of LMX quality is .29; the average correlation is .37
corrected for leader and member measurement unreliability (Gerstner and Day 1997). The
extent of agreement is unrelated to the type of measure used to assess LMX quality.
5.2.2 Trust
We used a measure developed by McAllister (1995) to assess the extent to which university
administrators trusted the center directors who reported to them. Using confirmatory factor
analysis, McAllister (1995) validated a two-factor model of trust with a scale that had high
reliability (alpha = .91 for cognition-based trust and alpha = .89 for affect-based trust) and
demonstrated discriminant validity when compared to other measures. The scale measuring
both factors consists of 11 items employing a seven-choice response format that ranges from
strongly disagree (1) to strongly agree (7). The coefficient alpha for this scale was .92.
Further evidence for the reliability of this measure comes from agreement between center
director and university administrator ratings of trust (r = .46, p = .001).
5.2.3 Satisfaction with I/UCRC
Fourteen items were adapted from Coberly (2004) and three additional items were created
to assess university administrator satisfaction with the I/UCRC. Items used a five-choice
response format that ranged from very dissatisfied (1) to very satisfied (5). Although items
represented different facets of satisfaction, we combined them to form a single scale in
order to reduce the number of variables in the equation due to our small sample size and to
simplify presentation of the results. The reliability for this combined scale (alpha = .94)
suggests that the single scale score adequately represents the content domain of the items.
5.2.4 Commitment to I/UCRC
Commitment to the I/UCRC was measured using 15 items adapted from the Organizational
Commitment Questionnaire (Mowday et al. 1979; Porter et al. 1974), the instrument used
most widely to assess organizational commitment (Meyer et al. 2002). Items employed a
five-choice response format that ranged from strongly disagree (1) to strongly agree (5).
The coefficient alpha for this scale was .91.
5.2.5 I/UCRC performance
University administrators were asked to rate five aspects of center performance. Items
representing three aspects of center performance that focus on innovation and technology
transfer were taken from the annual survey of I/UCRCs administered for NSF by North
Carolina State University (Gray 2009). The first item assessed the extent to which research
and development were enhanced via increased technical awareness, accelerated or new
projects, or development of intellectual property in the partner organizations. The second
item assessed the extent to which commercialization was enhanced via improvement of
new products, processes, services, improved sales, or new or retained jobs. The third item
assessed the extent to which professional networking was enhanced via improved ability to

123

518

D. D. Davis, J. L. Bryant

recruit students, or increased cooperation with other industrial members and scientists
outside the partner organizations. Each item employed a five-choice response format that
ranged from no impact (1) to very high impact (5). We created two additional items to
assess I/UCRC performance. One item asked administrators to rate performance of the I/
UCRC compared to other research centers in the university that reported to them. A second
item asked administrators to rate performance of the center director compared to other
center directors at the university that reported to them. Both items employed a five choice
response format that ranged from poor (1) to exceptional (5).
We used maximum likelihood factor analysis to assess the factor structure underlying
the five performance items. A single factor was extracted that explained 70% of the
variance. The lowest item loading (.68) represented commercialization. The highest item
loading (.89) compared performance of the I/UCRC to other research centers reporting to
the administrator. The internal consistency of the scale containing all five performance
items supports their aggregation into a single scale (coefficient alpha = .89). We used the
average rating of all items to represent university administrator perceptions of I/UCRC
performance.

6 Results
Responses were examined for distributional violations and outliers. One case was more
than 3 standard deviations from the mean on the LMX measure and was deleted as
recommended when analyzing small samples (Tabachnik and Fidell 2001, p. 71). Means,
standard deviations, correlations, and reliabilities for all variables are included in Table 1.
The size of the correlation between LMX and trust (r = .68, p = .000) reveals a moderate
relationship with more than 50% non-overlapping variance, which is consistent with other
research (Dirks and Ferrin 2002), and supports our decision to treat them independently in
our analysis.
We used multiple regression to examine the relationship between university administrator perceptions of LMX, trust, and center performance with their satisfaction and
commitment to the I/UCRC. Although structural equation modeling is the preferred
method for analyzing mediation because of its ability to consider measurement error in
parameter estimates, the minimum sample size of 100 required to employ this method
argued against its use with our sample (Hoyle and Kenny 1999). Instead, we used a
Table 1 Means, standard deviations, scale reliabilities, and correlations among variables
Variable

Mean

SD

LMX

Trust

I/UCRC
performance

Satisfaction
with I/UCRC

LMX

4.09

.54

Trust

5.81

1.02

.68

(.92)

I/UCRC
performance

3.77

.83

.63

.59

(.89)

Satisfaction
with I/UCRC

4.21

.56

.53

.65

.86

(.94)

Commitment
to I/UCRC

4.05

.61

.52

.38

.63

.63

Commitment
to I/UCRC

(.83)

(.91)

N = 51. All correlations significant at p \ .05. Coefficient alphas are in diagonal. All scale scores range
from 1 to 5 except for Trust, which ranges from 1 to 7
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procedure to analyze mediation effects recommended by Baron and Kenny (1986) and
colleagues (Kenny et al. 1998). Although lower in power than structural equation modeling
procedures, the Baron and Kenny procedure yields conservative estimates and is most
commonly used to assess mediation in social science research (Fritz and MacKinnon
2007).
The Baron and Kenny procedure requires four steps to provide evidence for mediation.
First, the predictor must be significantly related to the outcome. Second, the predictor must
be significantly related to the mediator. Third, the mediator must be related to the outcome.
Fourth, to show that the mediator completely mediates the relationship between the predictor and outcome, the coefficient representing the relationship between the predictor and
outcome should become zero when controlling for the mediator. Additionally, Baron and
Kenny recommend using a statistic developed by Sobel (1982) to test the significance of
the mediation effect. The Sobel test calculates a Z statistic that follows the standard normal
distribution. We also calculated a variation of the Sobel test using an alternative method for
calculating standard errors developed by Aroian (1944) as recommended by MacKinnon
et al. (2002). We used an interactive calculator provided by Preacher and Leonardelli
(2009) to calculate the Sobel test and its Aroian variation. We first report results treating
center performance as a mediator of the relationship between LMX and trust and university
administrator satisfaction and commitment to the I/UCRC. We then report results from
analyzing LMX and trust as mediators of the relationship between center performance and
satisfaction and commitment to the I/UCRC.
As expected, LMX significantly predicted university administrator satisfaction with the
I/UCRC, F (1, 49) = 7.23, p \ .01, B = .31. The regression equation including LMX and
I/UCRC performance was also significant, F (2, 48) = 49.28, p \ .0001. The regression
coefficient between LMX and satisfaction with I/UCRC approached zero and was no
longer significant with inclusion of I/UCRC performance in the equation, whereas the
regression coefficient between I/UCRC performance and satisfaction with I/UCRC and
between LMX and I/UCRC performance were significant thus providing evidence for
mediation (Fig. 1a). Tests for the mediation effect were also significant: Sobel = 3.99,
p \ .001; Aroian = 3.97, p \ .001. These results demonstrate that I/UCRC performance
fully mediated the relationship between LMX and satisfaction with I/UCRC.
As expected, trust significantly predicted university administrator satisfaction with
I/UCRC, F (1, 49) = 17.14, p \ .0001, B = .28. The regression equation including trust and
I/UCRC performance was also significant, F (2, 48) = 51.82, p \ .0001. The regression
coefficient between trust and satisfaction with I/UCRC approached zero and was no longer
significant with addition of I/UCRC performance to the equation, whereas the paths between
trust and I/UCRC performance and between I/UCRC performance and satisfaction with
I/UCRC were significant (Fig. 1b). Tests for the mediation effect were significant as well:
Sobel = 3.46, p \ .001; Aroian = 3.44, p \ .001. These results show that I/UCRC
performance fully mediated the relationship between trust and satisfaction with I/UCRC.
As expected, LMX significantly predicted university administrator commitment to the
I/UCRC, F (1, 49) = 8.77, p \ .005, B = .38. The regression coefficient for LMX
approached zero when I/UCRC performance was entered into the equation. The regression
equation including LMX and I/UCRC performance was significant, F (2, 48) = 10.77,
p \ .0001. The paths between LMX and I/UCRC performance and I/UCRC performance
and commitment to the I/UCRC were significant (Fig. 1c) as were the significance tests for
the mediation effect: Sobel = 2.67, p \ .01; Aroian = 2.62, p \ .01. These results demonstrate that I/UCRC performance fully mediated the relationship between LMX and
university administrator commitment to the I/UCRC.
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Fig. 1 Regression analysis of
LMX and trust with satisfaction
and commitment to I/UCRC
mediated by I/UCRC
performance. N = 51. * p \ .01.
Unstandardized regression
coefficients are on paths.
Standard errors are in parentheses
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(a)

-.01
Satisfaction with
I/UCRC

LMX

.71*
(.16)

(b)

I/UCRC
Performance

.57*
(.06)

.09
Satisfaction with
I/UCRC

Trust

.41*
(.11)

(c)

I/UCRC
Performance

.49*
(.06)

.13
Commitment to
I/UCRC

LMX

.71*
(.16)

I/UCRC
Performance

.35*
(.10)

Contrary to expectations, trust did not predict commitment to the I/UCRC, F (1, 49) =
2.03, n.s. Because this relationship was not significant, mediation was impossible and was
not tested.
We also analyzed the reverse order of the mediation effect, that is, LMX and trust as
mediators of the relationship between I/UCRC performance and university administrator
satisfaction with and commitment to the I/UCRC. I/UCRC performance was significantly
related to satisfaction and commitment to the I/UCRC, duplicating the effects reported
above, but LMX and trust were not significant as mediators. Because none of the mediation
effects was significant, the regression results are not reported.

7 Discussion
Most award-winning innovations in the United States result from collaboration (Block and
Miller 2008), and the success of collaborative innovation requires trust and effective
leadership relationships (Santoro and Saparito 2003). We examined an important form of
collaborative relationship that has received little attention in the literature devoted to
management of research centers—the leadership relationship between directors of NSF
I/UCRCs and the university administrators to whom they report. This is important because
research on leadership in R&D organizations has not included study of cooperative
research centers such as I/UCRCs (Elkins and Keller 2003). Consistent with previous
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research and theory, our results document the importance of the leadership relationship—
specifically trust and LMX quality—in shaping attitudes of university administrators
toward the I/UCRC that reports to them. Moreover, our results show that I/UCRC performance fully mediated the influence of the leadership relationship on university
administrator attitudes toward the I/UCRC. The leadership relationship with the I/UCRC
director influences the extent to which university administrators are satisfied with and
committed to the I/UCRC, but these effects are transmitted through the achievement of
center success.
Models of the leadership relationship emphasize that trust and LMX quality, while
related conceptually and empirically, are independent constructs that vary in the breadth of
their focus and their connection with outcomes. Our results support this view. The original
formulation of LMX treats it as a narrower construct that emphasizes the role making and
exchange aspects of the leader-member dyad, which are chiefly cognitive in nature
(Dansereau et al. 1975; Graen and Cashman 1975). Recent reformulations have broadened
the LMX construct, but most researchers continue to focus more narrowly on its role
making and exchange aspects (Liden and Maslyn 1998). Brower et al. (2000) explain the
relative contribution of LMX quality and trust to the leadership relationship. Trust is a
broader construct that includes the reciprocity associated with leader-member exchange
but also includes perceptions of trustworthiness, benevolence, openness, receptiveness, and
the emotions associated with trusting (Brower et al. 2000; Butler 1991; McAllister 1995).
Moreover, trust inherently requires risk taking (Mayer et al. 1995). Despite differences in
breadth, LMX and trust have common features (Brower et al. 2000). They both develop
over time through reciprocal, mutually reinforcing influence between members of the
leader-member dyad. Leader and member perceptions of both may disagree, yet it is their
individual perceptions that influence their attitudes and behaviors. Both constructs share
similar antecedents such as ability and performance. LMX quality and trust are correlated
yet explain unique variance in important outcomes such as satisfaction and commitment.
Trust may serve as an antecedent of LMX quality although there is little empirical evidence to support this expectation (Brower et al. 2000). LMX quality may improve as trust
strengthens and both parties demonstrate willingness to be vulnerable to each other and
discover that such vulnerability is rewarded and not betrayed (Mayer et al. 1995). In our
results, LMX quality was related to the extent to which university administrators were
satisfied with and committed to the I/UCRC that reported to them, whereas trust was
related only to satisfaction with I/UCRC. Although both aspects of leadership are related,
these results suggest that the exchange aspects of the leadership relationship may exert
greater influence than more affective aspects such as trust in shaping attitudes that senior
university leaders have toward the I/UCRC that reports to them.
To enhance the exchange quality of the leadership relationship with university
administrators, center directors should first determine the phase of their relationship (Graen
and Scandura 1987; Graen and Uhl-bien 1991). During the first and most important phase
of the relationship, its beginning when both members of the dyad meet, center directors
should establish clear roles and expectations. They should determine the deliverables most
important to university administrators and then deliver them. They should keep commitments, demonstrate loyalty and reliability, and extend upward offers of help and support.
Consistent performance will enhance trust and encourage deepening of the relationship. As
time goes on, the relationship should focus on refinement of exchange and deepening of
trust. Once the relationship is thoroughly established, center directors should encourage
administrator commitment to the mission and objectives of the center and, by extension, its
director. Attempts to influence university administrators should employ tactics that
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strengthen exchange and are more successful in gaining desired resources (consultation,
collaboration, inspirational appeal, rational persuasion, friendliness, bargaining, and
ingratiation) and avoid upward influence tactics that are likely to alienate university
administrators and weaken the exchange relationship (appealing to higher authority,
organizing antagonistic coalitions, and excessive assertiveness; Deluga and Perry 1991;
Yukl and Chavez 2002; Yukl and Michel 2006). Ingratiation—efforts to make the university administrator like the director—coupled with rationality—using data and facts to
complement ingratiation and support requests—may be particularly effective as upward
influence tactics (Deluga and Perry 1994; Higgins et al. 2003). Examples of effective
ingratiation behaviors that may be directed toward university administrators include providing praise, agreeing with opinions, showing appreciation, and demonstrating respect
and deference (Yukl 2010, p. 187).
The emphasis on exchange is supported further by the importance of I/UCRC performance in shaping university administrator attitudes. Our results show that I/UCRC performance fully mediated the relationship involving LMX and trust when they were
significantly related to I/UCRC satisfaction and commitment. The importance of performance is consistent with previous research and theory concerning trust and LMX quality
(Brower et al. 2000; Dirks and Ferrin 2002; Erdogan and Liden 2002; Gerstner and Day
1997). The strong relationship with performance is likely due to the length of time that
university administrators and center directors have worked together (more than 3 years, on
average) and the resulting stability of the relationship. LMX quality tends to emerge during
the early formation of the leader-member relationship and remains relatively stable over
time (Liden et al. 1993). Trust is more dynamic and tends to be renegotiated on a situationby-situation basis, but it may remain high when performance is consistently strong over
time (Brower et al. 2000).
7.1 Limitations and future research
Our conceptualization of LMX quality and use of the LMX-7 to measure it was consistent
with most research concerning this construct (Erdogan and Liden 2002; Gerstner and Day
1997; Graen and Uhl-Bien 1995), but it may ignore other important aspects of leadermember exchange (Schriesheim et al. 1999). LMX quality may also include elements of
affect, loyalty, contribution, and professional respect in addition to exchange and role
making, (Liden and Maslyn 1998). Future research should consider using broader measures
of leader-member exchange that may capture the full range of the LMX construct.
Moreover, other aspects of the leadership relationship beyond LMX quality and trust may
be important. ‘‘High quality connections’’ that focus on creation of identity, growth and
development, and learning in an effort to ‘‘enliven’’ people may also be important for
technological innovation (Dutton and Heaphy 2003). Beyond the focus on leader relationship, future research should also examine transformational leadership style, team
leadership, and leadership focused on boundary spanning as these are also important in
managing innovation (Elkins and Keller 2003).
The models we tested were simple with only two aspects of the leadership relationship
and a single mediator. Our sample was too small to evaluate large multivariate models that
may more completely represent the complexity of leadership relationships in industryuniversity cooperative research centers such as I/UCRCs. Future research should examine
leadership relationships in larger samples that would provide sufficient power to test
complex multivariate models that more fully capture the diverse dynamics of leadership
relationships. Our sample included all I/UCRCs in the United States and was as large as
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possible. Researchers should examine the role of trust, LMX quality, and other aspects of
leadership in different types of collaborative research centers that focus on technological
innovation that are supported by NSF, such as engineering research centers (NSF 2009), as
well as other types of collaborative research centers in which universities and industry
participate.
Our data collection relied on use of self-report questionnaires. Although such methods
are commonly used to study trust, LMX quality, and performance, reliance on single
sources of data, particularly self-report ratings, may yield a form of measurement bias that
can inflate observed correlations. Common method bias may be particularly problematic
when measuring subjective attitudes such as satisfaction and commitment (Crampton and
Wagner 1994), although the extent of such inflation may be less common than once
thought (Spector 2006). Moreover, aspects of the leadership relationship such as LMX
quality may be more highly correlated with subjective ratings of performance such as those
we used (Duarte et al. 1993, 1994). We attempted to reduce the influence of common
methods bias by presenting scales that assessed outcome variables first in the questionnaire
followed by scales that assessed predictors to reduce carryover effects in rating (Bradburn
et al. 2004), but our effort may not have controlled common method bias. To examine the
generalizability of our findings and the possibility that our results may have been influenced by common method bias, future research should use multiple methods of data
collection, for example, objective measures of center performance in addition to subjective
ratings. Future research should also use longitudinal, experimental designs to examine
more clearly the mediated causal relationships among LMX, trust, and performance and
their impact on outcomes such as senior leader attitudes and support over the lifespan of
the center.
Our findings have some implications for science policy. If the emphasis on ‘‘Big Science’’ and collaborative research continues to grow, greater attention will have to be paid
to the leadership challenges that result from the organizational complexity of such efforts.
Traditionally trained academic scientists and engineers, who are more experienced
working independently with small groups of graduate students and post-doctoral
researchers, may be less capable of leading and engaging in the teamwork required to
manage the complexity of large, multidisciplinary, multiorganizational research enterprises
such as I/UCRCs. Scientists and engineers who wish to lead such efforts will need to learn
to collaborate effectively as participants in ‘‘team science’’ (Gray 2008). If they are not
effective in this role, center performance is likely to suffer and, if our findings are accurate,
so too will the support, commitment and influence they need from key university
administrators. A downward spiral of weakening relationships and reduced support will
diminish center success and ultimately produce failure.
Our research documents the importance of leadership relationships in I/UCRCs, a
powerful and effective form of partnership involving industry and university researchers
sponsored by the National Science Foundation. If I/UCRC directors are to achieve their
ambitious research and development goals, they must cultivate high quality leadership
relationships with fellow researchers, university administrators, and industry partners.
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