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Abstract
Background
Medical research is increasingly interdisciplinary. However, not all projects are successful and cooperation is not always sustained beyond the end of funding. This study empirically assesses the effect of control and trust on the sustainability of interdisciplinary medical research in terms of its performance and satisfaction.

Methods
The sample consists of 100 German publicly funded medical research collaborations with scientists from medicine, natural and social sciences (N = 364). We develop a system model to analyze the influence of trust and control on performance and satisfaction of the cooperation.

Findings
Both control and trust are important prerequisites for sustainability, control mainly for the performance of the collaboration, and trust primarily for its satisfaction. While the level of interdisciplinarity is a positive moderator for performance, expectation of continuity is a negative intervening variable for the effect of trust and control on satisfaction. Moreover, trust principally adds to the positive impact of control on sustainability.

Conclusions
Interdisciplinary medical research requires a participative but systematic management of the respective consortium.
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Introduction
Medical research is increasingly collaborative work of different disciplines [1]. However, interdisciplinary and collaborative research in medicine as in other subject or organization faces challenges and will not necessarily be more successful than individual research [2]. And in particular, it is not guaranteed that the collaboration will continue beyond the end of the funding period. Instead, many research cooperations will lose momentum even before the project meets its official end as some research partners behave like “predators” [3] with a strong interest in making prey but a low inclination to invest in long-term relations. There is a risk that the cooperation is not performing well, collaboration is not satisfactory and the effort is not sustainable [4].
One reason for low sustainability consists of the different motives of collaborators for joining the consortium. Either, actors cooperate because their own goals correspond to the goals of the cooperation, or they perceive that their goals are more easily achieved by collaborative work [5]. However, it is likely that without credible protective mechanisms, only a collectively suboptimal outcome will result. Nevertheless, these mechanisms of control are difficult to implement in open-ended research processes [6], so that interdisciplinary research also needs to be built on trust [5].
Although there are quite a few studies on interdisciplinarity in research, most of them are not grounded in organizational theory and/or fall short of empirical evidence (e.g. [7–9].), in particular for medical research. We would like to contribute to answering this research question by empirically analyzing consortia in medical research in Germany with the following objectives:
First, we will develop a conceptual model of trust and control in interdisciplinary medical research. Furthermore, we would like to assess empirically the role of these two factors in the sustainability of the medical research consortia. In this context, we define sustainability as the ability of a system to maintain its energy level on a similar scale for a long(er) period [10], i.e., a medical research consortium is sustainable when it continues beyond the end of the specific research agenda or funding.
Second, this research analyses the right mix of trust and control [11]. Although the balance between trust and control seems highly relevant for medical research cooperations, it has to be stated that the relative relevance of trust and control in research cooperations is scarcely studied and controversially discussed in the literature [12]. Only a few authors consider both factors simultaneously, and then mainly as opposites or substitutes (e.g. [13].). However, in line with De Jong and Dirks [14], we assume a supplementary relation of trust and control. We suppose an augmentation effect (booster) of trust that adds to the impact of control on sustainability while the control effect is not replaced but raised by trust.
Third, we will analyze the moderating effect of interdisciplinarity. Interdisciplinarity between different fields of medicine (e.g. surgery, oncology, internal medicine) is a routine, and even research between medical scientists and colleagues from the natural sciences (e.g. microbiology, genetics, etc.) has been strongly developed. However, the collaboration between medical researchers, natural scientists, and counterparts from social sciences (e.g. economists, sociologists, etc.) and humanities (e.g. ethics, linguistics, etc.) is much more difficult and requires more attention. Thus, cooperations can have a different level of interdisciplinarity assuming that the level of interdisciplinarity influences the impact of control and trust. Interdisciplinarity not only helps to deal with complex issues but is also demanding for the actors involved [15].
Finally, this paper will demonstrate the effect of the expectation of continuity of medical research. If a research partner expects that there will be more funding or worthwhile research projects in the future, he/she will likely engage more, i.e., we study the “the performance-enhancing and -diminishing effects” [16] of expectation of continuity as an instrument against opportunism [17].
Our paper is structured as follows. In the next section, we will discuss the methodology of this paper. Afterwards, we will present the findings and discuss their relevance. The paper closes with some recommendations for interdisciplinary medical research.

Methods
Conceptional model
Figure 1 gives an overview of our framework explaining sustainability as a result of trust and control. This model is based on the assumption that the balance between trust and control is relevant for all organizations and projects in order to avoid opportunism of individuals or institutions. Also in science, misconduct does exist, for instance in the form of inappropriately assigning authorship credits, plagiarism and using another’s ideas without giving due credit, withholding important details of methodology or results in papers, fraud and falsifying research data and results [18]. Strict control has the potential to reduce opportunism [19], but there is also a risk of hampering innovation, creativity and enthusiasm by a high degree of control. Research is an open-ended and only vaguely structured process, thus formal control is insufficient [6, 20] and would cause high transaction costs [21]. Therefore, trust becomes highly relevant [22] as it reconciles interests, reduces uncertainty, and diminishes transaction costs [20, 23]. Consequently, we have to find the right balance between trust and control in medical interdisciplinary research projects, which is reflected in Fig. 1.[image: ]
Fig. 1Conceptual framework


As stated before, a sustainable research project is (here) defined as the continuation of the scientific cooperation beyond the end of the funding period, for instance with second phases, spin-offs, or follow-up projects. The model assumes that research projects can be sustainable if the process of cooperation is satisfactory for the researcher (e.g. good personal relationship, low degree of conflicts, respect, and commitment) and if the performance is high (e.g. publications of high impact factor, achievement of objectives, increased reputation). Consequently, performance and satisfaction are used as proxies for sustainability [24, 25] while there is a positive intercorrelation between the two factors [26, 27].
Control and trust have an impact on performance and satisfaction but have to be analysed in more depth. Firstly, we have to distinguish between formal and mutual control. Formal control describes the incentive of binding regulations and formal agreements, which also facilitate the monitoring of behavior and the measurement of output [11, 12, 28]. Written cooperation agreements are instruments of quality assurance and are often a precondition of public funding. They help to document the obligation for cooperation [5, 9]. Integrated sanctions increase the costs of opportunistic action [29].
Figure 1 assumes the impact of formal control on sustainability. However, non-routine tasks, only vaguely structured processes and open-endedness impede formal control in research [6, 20]. Therefore, in science also mutual control is important [30, 31]. The partners are all peers and continuously evaluate the research process, i.e., they provide the individual members of the consortium with feedback about the performance of the entire cooperation, of certain sub-projects and of individual members of the group [6].
The second component in the balance is trust. Successful collaborative medical research depends on the reliability of one another’s work. Trust helps to coordinate interaction [32, 33] within self-regulating work groups. Because of the embeddedness of actors in collaborative structures, there is no need for relying only on control mechanisms [34]. As risky input [35], trust describes the individual belief not to be treated opportunistically by others [36]. Seeing research cooperations as composed of n-principal agent relations [37], it is not only important to get tasks satisfactorily done but also not to be exploited by coworkers. Trustor is not only the principal, trustee not only the agent. To ensure sustainability, it is essential that collaboration partners trust each other both as principal and as agent. Consequently, Fig. 1 distinguishes between the trust of the agent and the trust of the principal which influences the sustainability of the research project.
Furthermore, it is assumed that interdisciplinary and the expectation of continuity have an impact on the strength of the influence of trust and control on sustainability. While the cooperation of researchers from different sciences is essential to deal with complex problems it is also a cultural challenge due to different research traditions, terminology, and values [1, 15]. The more disciplines are involved, the harder the cooperation in research will be, which again lowers performance of and satisfaction with collaboration [5] and, thus, sustainability.
Finally, the model assumes that the anticipation of future cooperation also influences the effectiveness of trust and control. By expanding the former single period model of agency theory by n periods actors are embedded in a network of relational contracts [38]. Long lasting relations motivate against opportunism by mutual socioemotional investments [17, 39]. The expectation of continuity is positively related to performance [40] and satisfaction [25].

Statistical modelling
The conceptual model (see Fig. 1) was formulated as a system equation model and computed with SPSS, version 20. Where available, well-established scales were used. The survey was conducted in German whereas most of the original scales were in English. Consequently, they were translated forward and backward to guarantee content validity. A pretest (N = 21) finally checked our measures. Table 1 shows the variables measured.Table 1Measures


	Type of variable
	Variable
	Sub-variable
	Source

	Main variable
	Sustainability
	cooperation performance
	 [26]

	cooperation satisfaction
	 [41–43]

	Control
	formal control
	 [44–46]

	mutual control
	 [47]

	Trust
	trust principal
	 [48]

	trust agent
	adopted from [48]

	Moderator variables
	Interdisciplinarity
	 	own

	expectation of continuity
	 	 [49]

	Control variables
	demographic variables
	sex
	direct answer

	age
	direct answer

	level of education
	direct answer

	personal responsibility
	direct answer

	experience with interdisciplinarity
	direct answer

	network
	size of network
	direct answer

	proximity of network
	direct answer




For both sustainability variables, we calculated 16 regression models (see Table 2). To prevent statistical distortions by using different scales, we z-standardized all measures before calculating. Consequently, our models do not include an intercept. Applying OLS regressions, we also calculated variance inflation factors (VIF). A maximum of 2.50 indicated that multicollinearity is acceptable in our models. Furthermore, we controlled for the common-method bias with Harman’s one-factor test [50] and a non-response bias [51].Table 2Models


	No
	Independent variables
	interaction
	control variables
	second sustainability variable
	Content

	1
	-
	-
	x
	-
	control model

	2
	formal control
	-
	x
	-
	single effect model with only one antecedent

	3
	mutual control
	-
	x
	-
	single effect model with only one antecedent

	4
	formal control; mutual control
	-
	x
	-
	hierarchical regression model

	5
	trust principal
	-
	x
	-
	single effect model with only one antecedent

	6
	formal control; trust principal
	 	 	 	hierarchical regression model

	7
	mutual control; trust principal
	 	 	 	hierarchical regression model

	8
	formal control; mutual control; trust principal
	 	 	 	hierarchical regression model

	9
	trust agent
	-
	x
	 	single effect model with only one antecedent

	10
	formal control; trust agent
	 	 	 	hierarchical regression model

	11
	mutual control; trust agent
	 	 	 	hierarchical regression model

	12
	formal control mutual control; trust agent
	 	 	 	hierarchical regression model

	13
	all
	-
	x
	-
	full model with all predictor variables

	14
	all
	-
	x
	x
	model 13 plus second sustainability variable

	15
	all
	x
	x
	-
	full interaction model with all independent variables and interaction terms

	16
	all
	x
	x
	x
	model 15 plus second sustainability variable





Data collection and sampling
Our study is initialized by GANI_MED, Greifswald’s approach to individualized medicine, an interdisciplinary research cooperation for establishing efficient personalized medicine, funded by the German Federal Ministry of Education and Research between 2009 and 2014 [52, 53]. In addition to (bio)medical basic research and clinical subjects also actors of economics, philosophy, and theology are involved. To achieve statistical robust results, comparable German medical research cooperations were selected by the funding catalogue of the federal government as the most comprehensive tool to look for German research projects. We did not consider research cooperations for our sample focusing entirely on veterinary medicine, having medicine as a topic without involving medical scientists, being only single and no collaborative project, being mainly privately financed, consisting only of private ventures, not including at least two disciplines, being already institutionalized and/or being located mainly internationally.


Results
Sample
The data based offered 305 research consortia, but 67 had to be excluded because they did not fulfill the inclusion criteria (see Sect. 2.3). 138 other consortia did not respond to our mails or did not want to participate. When the coordinator indicated that he/she was willing to contribute to the survey, we asked him/her to provide the link of the survey questionnaire to his/her co-workers. In total, we included 100 research consortia with 2062 researchers. Based on this number, the 364 fully filled questionnaires represent a reply rate of 17.7 20%.
As shown in Table 3, on average 21 researchers of five different disciplines belonged to each consortium, and they worked on average in five different locations. About half of the researchers could be allocated to medical specialties, one third were natural scientists (incl. engineers) and the rest were social scientists. The “average” research group had been cooperating for about four years.Table 3Sample: basic statistics of consortia (N = 100) and Researchers (N = 364)


	Item
	Variable
	 	Median

	Consortia
	Number of researchers in consortium
	20.62

	Number of different disciplines in consortium
	4.81

	Interdisciplinarity index (0 = all same discipline)
	0.41

	Share of professions [%]
	Medicine
	42

	Natural Science
	32

	Social Science
	25

	Number of different locations
	4.43

	Current duration of consortium [years]
	3.67

	Expected future duration of consortium [years]
	1.21

	Total duration of consortium [years]
	4.88

	Individual Researchers
	Age-set of researchers
	18–27 years
	8.9%

	28–37 years
	35.4%

	28–47 years
	28.4%

	48–57 years
	21.2%

	58–67 years
	5.0%

	58–77 years
	1.1%

	Highest Education
	O-Level
	1.4%

	A-Level
	2.2%

	Bachelor
	3.4%

	Master
	37.3%

	PhD
	30.3%

	Habilitation/ Junior Professor
	5.0%

	Professor
	20.4%

	Personnel responsibility
	49.2%

	Experience with interdisciplinary collaboration
	No experience
	33.9%

	1–5 years
	30.2%

	6–10 years
	19.1%

	11–15 years
	9.0%

	16–20 years
	5.2%

	 > 20 years
	2.6%




We asked only research teams which had already been existing and cooperating for some time and which had already started the joint research project. The gender distribution is almost equal and the most frequent age group was between 38 and 47 years with a range of the age-set from 18–27 to 68–77 years. Asked for the educational background, the research groups showed strong differences. While in some groups all researchers were professors (incl. junior professors), some groups had only other academic and non-academic personnel. On average of the entire sample, about one quarter was professor or had the level of habilitation. About half of the respondents was responsible for other members of staff. On average, they had five to six years of experiences with interdisciplinary research consortia.

Descriptive statistics
Table 1 shows the intercorrelations of our variables together with their means and standard deviations. The statistics indicate that cooperation performance and cooperation satisfaction correlate significantly positive. Highly significant correlations are also found between predictors and criterion variables (and among the control variables themselves). Both control and trust correlate significantly positive with sustainability (Table 4).Table 4Descriptive statistics (columns 1–7)


	 	Variables
	Mean
	S.D
	1
	2
	3
	4
	5
	6
	7

	1
	Cooperation performance
	4.23
	0.81
	1.00
	 	 	 	 	 	 
	2
	Cooperation satisfaction
	4.20
	0.94
	0.65***
	1.00
	 	 	 	 	 
	3
	Formal control
	3.62
	1.04
	0.51***
	0.48***
	1.00
	 	 	 	 
	4
	Mutual control
	3.77
	0.98
	0.44***
	0.40***
	0.52***
	1.00
	 	 	 
	5
	Trust principal
	3.31
	1.05
	0.29***
	0.42***
	0.26***
	0.21***
	1.00
	 	 
	6
	Trust agent
	4.15
	0.82
	0.44***
	0.48***
	0.30***
	0.32***
	0.31***
	1.00
	 
	7
	Interdisciplinarity
	3.58
	1.04
	0.05
	0.10t
	0.09t
	0.12*
	0.01
	0.02
	1.00

	8
	Expectation continuity
	3.45
	1.05
	0.43***
	0.57***
	0.28***
	0.23***
	0.24***
	0.30***
	0.06

	9
	Sex
	0.50
	0.50
	-0.09t
	-0.02
	-0.14**
	-0.13*
	-0.06
	-0.01
	0.03

	10
	Age
	2.81
	1.09
	0.13*
	0.15**
	0.05
	0.09t
	-0.06
	0.07
	0.12*

	11
	Level of education
	0.26
	0.44
	0.16**
	0.28***
	-0.01
	0.04
	0.02
	0.08!
	0.10!

	12
	Personal responsibility
	0.49
	0.50
	0.17**
	0.17**
	0.05
	0.04
	-0.05
	0.05
	0.05

	13
	Experience Interdisciplinarity
	5.62
	6.65
	0.12*
	0.13*
	0.04
	0.08!
	-0.05
	0.12*
	0.12*

	14
	Size of network
	2.90
	1.07
	-0.13*
	-0.13*
	0.05
	-0.02
	-0.07
	-0.22***
	0.15**

	15
	Proximity of network
	3.45
	1.20
	-0.01
	-0.07
	0.13*
	0.06
	0.02
	-0.02
	-0.08


Pearson’s r; pairwise deletion; !p < 0.20; tp < 0.10; *p < 0.05; **p < 0.01; ***p < 0.001 (two-tailed)




Trust and Control
As shown in the full model and in the single effect models (model 13 and models 2 and 3 in Tables 5 and 6) both dimensions of control, formal and mutual control, are positive incentives for the performance of collaboration. The model fit of the full model is significantly improved compared to the control model (model 1). However, sex, age, and personal responsibility are (marginally) significant control variables for the criterion too. Actors, who are female, older, and with personal responsibility judge performance higher. The relevance of both control aspects and all control variables persist when controlling for cooperation satisfaction (model 14).Table 5Descriptive statistics (columns 8–15)


	 	Variables
	8
	9
	10
	11
	12
	13
	14
	15

	1
	Cooperation performance
	 	 	 	 	 	 	 	 
	2
	Cooperation satisfaction
	 	 	 	 	 	 	 	 
	3
	Formal control
	 	 	 	 	 	 	 	 
	4
	Mutual control
	 	 	 	 	 	 	 	 
	5
	Trust principal
	 	 	 	 	 	 	 	 
	6
	Trust agent
	 	 	 	 	 	 	 	 
	7
	Interdisciplinarity
	 	 	 	 	 	 	 	 
	8
	Expectation continuity
	1.00
	 	 	 	 	 	 	 
	9
	Sex
	0.16**
	1.00
	 	 	 	 	 	 
	10
	Age
	0.20***
	0.32***
	1.00
	 	 	 	 	 
	11
	Level of education
	0.35***
	0.38***
	0.61***
	1.00
	 	 	 	 
	12
	Personal responsibility
	0.30***
	0.35***
	0.38***
	0.54***
	1.00
	 	 	 
	13
	Experience Interdisciplinarity
	0.26***
	0.37***
	0.58***
	0.63***
	0.40***
	1.00
	 	 
	14
	Size of network
	-0.16**
	-0.18***
	-0.05
	-0.05
	-0.15**
	-0.10t
	1.00
	 
	15
	Proximity of network
	-0.10*
	-0.18**
	-0.05
	-0.02
	-0.20***
	-0.13*
	0.24***
	1.00


Pearson’s r; pairwise deletion; !p < 0.20; tp < 0.10; *p < 0.05; **p < 0.01; ***p < 0.001 (two-tailed)


Table 6Results of regression analyses (standardized regression coefficients ß) with cooperation performance as dependent variable (Model 1–8)


	Model
	1
	2
	3
	4
	5
	6
	7
	8

	Independent variables

	 Formal control
	 	0.50***
	 	0.41***
	 	0.46***
	 	0.38***

	 Mutual control
	 	 	0.41***
	0.21***
	 	 	0.36***
	0.19***

	 Trust principal
	 	 	 	 	0.28***
	0.16**
	0.20***
	0.14**

	 Trust agent
	 	 	 	 	 	 	 	 
	 Interdisciplinarity
	 	 	 	 	 	 	 	 
	 Expectation of continuity
	 	 	 	 	 	 	 	 
	 Cooperation satisfaction
	 	 	 	 	 	 	 	 
	Interactions

	 Formal control × Interdisciplinarity
	 	 	 	 	 	 	 	 
	 Mutual control × Interdisciplinarity
	 	 	 	 	 	 	 	 
	 Trust principal × Interdisciplinarity
	 	 	 	 	 	 	 	 
	 Trust agent × Interdisciplinarity
	 	 	 	 	 	 	 	 
	 Formal control × Expectation
	 	 	 	 	 	 	 	 
	 Mutual control × Expectation
	 	 	 	 	 	 	 	 
	 Trust principal × Expectation
	 	 	 	 	 	 	 	 
	 Trust agent × Expectation
	 	 	 	 	 	 	 	 
	Control variables

	 Sex
	-0.23***
	-0.15**
	-0.15**
	-0.12*
	-0.23***
	-0.15**
	-0.16**
	-0.13*

	 Age
	0.10!
	0.08!
	0.06
	0.08!
	0.12t
	0.09!
	0.08!
	0.09!

	 Level of education
	0.04
	0.07
	0.06
	0.08!
	0.03
	0.06
	0.04
	0.07

	 Personal responsibility
	0.14*
	0.09!
	0.13*
	0.10t
	0.15*
	0.10t
	0.14*
	0.11*

	 Experience with interdisciplinarity
	0.07
	0.04
	0.02
	0.02
	0.07
	0.04
	0.03
	0.02

	 Size of network
	-0.11*
	-0.12*
	-0.09t
	-0.11*
	-0.09t
	-0.11*
	-0.08!
	-0.10*

	 Proximity of network
	0.02
	-0.05
	-0.01
	-0.04
	0.01
	-0.05
	-0.01
	-0.04

	 R2
	0.08
	0.32
	0.25
	0.37
	0.16
	0.34
	0.28
	0.38

	 R2 Change to model 1, 2, 3, 4, 13, resp. 15
	 	 	 	0.03***
	 	0.02**
	0.04***
	0.02**

	 Adjusted R2
	0.06
	0.31
	0.23
	0.35
	0.14
	0.32
	0.26
	0.36

	 N
	333
	329
	323
	320
	332
	328
	322
	319


!p < 0.20; tp < 0.10; *p < 0.05; **p < 0.01; ***p < 0.001 (two-tailed)



We assumed that mutual control adds to the effectiveness of formal control. To test this hypothesis we computed a hierarchical regression analysis by introducing formal control firstly into the regression analysis and mutual control secondly. An F test was computed to determine any significant improvement of the model fit [54–56]. According to the results of model 4 the augmentation hypothesis is supported.
Tables 7 and 8 show the results of the regression analyses (standardized regression coefficients ß) with cooperation satisfaction as a dependent variable. Based on these statistics we can conclude that both aspects of control are relevant predictors (models 2, 3, 13). The fit of the full model is significantly higher than of the control model (model 1). As a control variable only the level of education is important. As the nonsignificance of the correlations with cooperation satisfaction reveals, the significant effects of sex and proximity of the network are only classical suppressions [57]. In addition, the marginal significance of experience with interdisciplinarity is only a statistical artifact. There is no effect in the control model. The importance of formal control and level of education also exists when controlling for cooperation performance (model 14). Moreover, the augmentation hypothesis can be confirmed. Mutual control positively influences cooperation satisfaction beyond formal control (model 4).Table 7Results of regression analyses (standardized regression coefficients ß) with cooperation performance as a dependent variable (Model 9–16)


	Model
	9
	10
	11
	12
	13
	14
	15
	16

	Independent variables

	 Formal control
	 	0.42***
	 	0.36***
	0.32***
	0.22***
	0.30***
	0.20***

	 Mutual control
	 	 	0.30***
	0.15**
	0.12*
	0.08!
	0.14*
	0.10*

	 Trust principal
	 	 	 	 	0.06!
	-0.01
	0.06!
	-0.02

	 Trust agent
	0.43***
	0.31***
	0.33***
	0.27***
	0.22***
	0.13**
	0.22***
	0.12*

	 Interdisciplinarity
	 	 	 	 	-0.01
	-0.02
	-0.03
	-0.04

	 Expectation of continuity
	 	 	 	 	0.19***
	0.04
	0.20***
	0.04

	 Cooperation satisfaction
	 	 	 	 	 	0.41***
	 	0.45***

	Interactions

	 Formal control × Interdisciplinarity
	 	 	 	 	 	 	0.09t
	0.10*

	 Mutual control × Interdisciplinarity
	 	 	 	 	 	 	0.05
	0.02

	 Trust principal × Interdisciplinarity
	 	 	 	 	 	 	-0.05
	-0.09*

	 Trust agent × Interdisciplinarity
	 	 	 	 	 	 	0.07!
	0.08!

	 Formal control × Expectation
	 	 	 	 	 	 	-0.07
	-0.04

	 Mutual control × Expectation
	 	 	 	 	 	 	-0.03
	0.02

	 Trust principal × Expectation
	 	 	 	 	 	 	0.03
	0.08t

	 Trust agent × Expectation
	 	 	 	 	 	 	0.04
	0.06!

	Control variables

	 Sex
	-0.18**
	-0.13**
	-0.14**
	-0.12*
	-0.14**
	-0.11*
	-0.13**
	-0.10*

	 Age
	0.08!
	0.08!
	0.06
	0.07!
	0.09!
	0.08!
	0.11t
	0.08!

	 Level of education
	0.02
	0.06
	0.04
	0.07
	0.03
	-0.03
	0.02
	-0.05

	 Personal responsibility
	0.16**
	0.10t
	0.14*
	0.11*
	0.08!
	0.08t
	0.07!
	0.08t

	 Experience with interdisciplinarity
	0.03
	0.01
	0.00
	0.00
	-0.01
	0.03
	-0.02
	0.01

	 Size of network
	-0.01
	-0.05
	-0.02
	-0.06
	-0.05
	-0.05
	-0.03
	-0.04

	 Proximity of network
	0.02
	-0.04
	0.00
	-0.04
	-0.03
	0.00
	-0.03
	-0.01

	 R2
	0.25
	0.40
	0.33
	0.43
	0.46
	0.52
	0.48
	0.55

	 R2 Change to model 1, 2, 3, 4, 13, resp. 15
	 	0.08***
	0.09***
	0.06***
	0.37***
	0.07***
	 	0.07***

	 Adjusted R2
	0.23
	0.39
	0.31
	0.41
	0.43
	0.50
	0.45
	0.52

	 N
	329
	325
	320
	317
	314
	313
	314
	313


!p < 0.20; tp < 0.10; *p < 0.05; **p < 0.01; ***p < 0.001 (two-tailed)


Table 8Results of regression analyses (standardized regression coefficients ß) with cooperation satisfaction as a dependent variable (Model 1–8)


	Model
	1
	2
	3
	4
	5
	6
	7
	8

	Independent variables

	 Formal control
	 	0.50***
	 	0.40***
	 	0.41***
	 	0.34***

	 Mutual control
	 	 	0.40***
	0.21***
	 	 	0.31***
	0.17**

	 Trust principal
	 	 	 	 	0.42***
	0.30***
	0.35***
	0.29***

	 Trust agent
	 	 	 	 	 	 	 	 
	 Interdisciplinarity
	 	 	 	 	 	 	 	 
	 Expectation of continuity
	 	 	 	 	 	 	 	 
	 Cooperation performance
	 	 	 	 	 	 	 	 
	Interactions

	 Formal control × Interdisciplinarity
	 	 	 	 	 	 	 	 
	 Mutual control × Interdisciplinarity
	 	 	 	 	 	 	 	 
	 Trust principal × Interdisciplinarity
	 	 	 	 	 	 	 	 
	 Trust agent × Interdisciplinarity
	 	 	 	 	 	 	 	 
	 Formal control × Expectation
	 	 	 	 	 	 	 	 
	 Mutual control × Expectation
	 	 	 	 	 	 	 	 
	 Trust principal × Expectation
	 	 	 	 	 	 	 	 
	 Trust agent × Expectation
	 	 	 	 	 	 	 	 
	Control variables

	 Sex
	-0.16**
	-0.07!
	-0.08!
	-0.04
	-0.14**
	-0.08!
	-0.08!
	-0.05

	 Age
	0.04
	0.02
	0.00
	0.01
	0.07
	0.04
	0.03
	0.03

	 Level of education
	0.21**
	0.24***
	0.23***
	0.25***
	0.18**
	0.21***
	0.20**
	0.22***

	 Personal responsibility
	0.07
	0.03
	0.05
	0.02
	0.10t
	0.05
	0.08!
	0.05

	 Experience with interdisciplinarity
	0.01
	-0.02
	-0.03
	-0.04
	0.02
	-0.02
	-0.02
	-0.03

	 Size of network
	-0.10t
	-0.10*
	-0.07!
	-0.09t
	-0.07!
	-0.08t
	-0.05
	-0.07!

	 Proximity of network
	-0.05
	-0.11*
	-0.08!
	-0.11*
	-0.07
	-0.11*
	-0.08t
	-0.11*

	 R2
	0.09
	0.32
	0.23
	0.36
	0.25
	0.40
	0.35
	0.43

	 R2 Change to model 1, 2, 3, 4, 13, resp. 15
	 	 	 	0.03***
	 	0.08***
	0.12***
	0.08***

	 Adjusted R2
	0.07
	0.30
	0.22
	0.34
	0.23
	0.38
	0.33
	0.41

	 N
	335
	331
	325
	322
	333
	329
	323
	320


!p < 0.20; tp < 0.10; *p < 0.05; **p < 0.01; ***p < 0.001 (two-tailed)



As for control, also both trust dimensions are positive antecedents for the performance of collaboration (model 5, 9, 13 in Tables 5 and 6). The importance of trust agent also exists when controlling for cooperation satisfaction (model 14 in Table 6). Trust principal as well as trust agent add significantly to the prediction of the criterion beyond the effect of formal control and/or mutual control. Therefore, augmentation can be confirmed (models 6, 7, 8, 10, 11, 12 in Tables 5 and 6).
For satisfaction with collaboration, trust principal and trust agent are relevant predictors, even when controlling for cooperation performance (models 5, 9, 13, 14 in Tables 7 and 8). Trust principal and trust agent, respectively, significantly improve the model fit of the models involving only formal control and/or mutual control as predictors (models 6, 7, 8, 10, 11, 12 in Tables 7 and 8).
Interdisciplinarity is a relevant moderator of performance. After centering the predictor and intervening variable, the interaction term is generated and all three parameters are regressed on the criterion. Significant interaction terms signal meaningful moderations [58]. The full interaction model (model 15 in Table 6) depicts two (marginally) significant interaction terms, which persist also when controlling for cooperation satisfaction (model 16 in Table 6). Interdisciplinarity affects the impact of formal control and trust agent, respectively, positively. Likewise, the impact of the trust agent on the performance of collaboration is bigger, as the higher interdisciplinarity is individually perceived.
Also for satisfaction interdisciplinarity is a relevant moderator. One significant interaction term is indicated by the full interaction model, which also exists when controlling for cooperation performance (models 15, 16 in Table 8). Interdisciplinarity affects the impact of trust principal positively.
The expectation of continuity is only a relevant moderator for satisfaction with collaboration as criterion. However, expectation of continuity is a highly significant predictor for both sustainability dimensions (model 13 in Tables 6 and 8) and a highly significant correlate of trust and control (Table 3). The full interaction model (model 15 in Table 8) depicts three (marginally) significant interaction terms. The expectation of continuity affects the impact of formal control, mutual control, and trust principal negatively. The moderation with mutual control and trust principal, respectively, persist also when controlling for cooperation performance (model 16 in Tables 8 and 9).Table 9Results of regression analyses (standardized regression coefficients ß) with cooperation satisfaction as a dependent variable (Model 9–16)


	Model
	9
	10
	11
	12
	13
	14
	15
	16

	Independent variables

	 Formal control
	 	0.39***
	 	0.34***
	0.24***
	0.13**
	0.23***
	0.13**

	 Mutual control
	 	 	0.28***
	0.14**
	0.08t
	0.05
	0.07!
	0.03

	 Trust principal
	 	 	 	 	0.19***
	0.16***
	0.18***
	0.16***

	 Trust agent
	0.47***
	0.36***
	0.38***
	0.33***
	0.22***
	0.15***
	0.22***
	0.15***

	 Interdisciplinarity
	 	 	 	 	0.04
	0.05!
	0.04
	0.05!

	 Expectation of continuity
	 	 	 	 	0.37***
	0.31***
	0.35***
	0.29***

	 Cooperation performance
	 	 	 	 	 	0.32***
	 	0.32***

	Interactions

	 Formal control × Interdisciplinarity
	 	 	 	 	 	 	-0.01
	-0.04

	 Mutual control × Interdisciplinarity
	 	 	 	 	 	 	0.05
	0.03

	 Trust principal × Interdisciplinarity
	 	 	 	 	 	 	0.09*
	0.11**

	 Trust agent × Interdisciplinarity
	 	 	 	 	 	 	-0.01
	-0.04

	 Formal control × Expectation
	 	 	 	 	 	 	-0.07!
	-0.05

	 Mutual control × Expectation
	 	 	 	 	 	 	-0.10*
	-0.08t

	 Trust principal × Expectation
	 	 	 	 	 	 	-0.10*
	-0.11**

	 Trust agent × Expectation
	 	 	 	 	 	 	-0.05
	-0.06!

	Control variables

	 Sex
	-0.10t
	-0.05
	-0.06
	-0.04
	-0.08t
	-0.03
	-0.07t
	-0.03

	 Age
	0.02
	0.01
	-0.01
	0.00
	0.03
	0.00
	0.07!
	0.03

	 Level of education
	0.19**
	0.23***
	0.21***
	0.23***
	0.15**
	0.14**
	0.14**
	0.13**

	 Personal responsibility
	0.10t
	0.04
	0.07!
	0.04
	0.00
	-0.03
	-0.01
	-0.04

	 Experience with interdisciplinarity
	-0.03
	-0.05
	-0.05
	-0.06
	-0.07!
	-0.07!
	-0.06
	-0.06

	 Size of network
	0.01
	-0.02
	0.01
	-0.02
	-0.01
	0.01
	0.02
	0.03

	 Proximity of network
	-0.06
	-0.11*
	-0.08!
	-0.11*
	-0.07t
	-0.06!
	-0.07t
	-0.06!

	 R2
	0.29
	0.43
	0.35
	0.44
	0.57
	0.63
	0.63
	0.68

	 R2 Change to model 1, 2, 3, 4, 13, resp. 15
	 	0.11***
	0.12***
	0.09***
	0.49***
	0.05***
	 	0.05***

	 Adjusted R2
	0.27
	0.41
	0.33
	0.42
	0.56
	0.61
	0.60
	0.66

	 N
	331
	327
	322
	319
	315
	313
	315
	313


!p < 0.20; tp < 0.10; *p < 0.05; **p < 0.01; ***p < 0.001 (two-tailed)





Discussion
Trust and control in balance
The main goal of our study was the empirically based extension of present research on the efficient ratio between control and trust and its meaning for sustainability of interdisciplinary medical research. Sustainability was therefore differentiated in performance of and satisfaction with collaboration. The intercorrelation of both dimensions is significantly positive. For performance mainly control is important. On the contrary, trust is of prime relevance for satisfaction. Together with only a correlation of r < 0.70, the different antecedent focus supports our concept of the bi-dimensionality of sustainability. Moreover, trust adds to sustainability beyond control.
Both results, the bi-dimensionality of sustainability and the augmentation effect, are important new insights into interdisciplinary medical research and therefore help to build a systematic theory of interdisciplinarity in medical research. The positive effects of trust and control are no trivial findings, as their impact on performance and satisfaction is far from consistent. Positive, negative, and even no significant effects are documented in the literature [14, 59].
Furthermore, the sample might have an impact on trust and control as gender, age and professional status are important determinants of cooperation success. In our analysis we realized that researchers who are female, older and with personal responsibility have a tendency to assess the effectiveness of the research consortium more positively. Furthermore, the educational status of a researcher has an impact on his satisfaction with the cooperation. Professors showed to be more satisfied with the interdisciplinary research consortium and its performance than researchers of a lower status. Whether the sample was representative for all interdisciplinary research groups in Germany and internationally could not be analysed, i.e., the sample might lead to a bias.

Moderation by interdisciplinarity and expectation of continuity
While interdisciplinarity is a positive moderator of the effect of trust and control on performance, expectation of continuity is a negative moderator with satisfaction as criterion variable.
The level of interdisciplinarity is strictly positive for sustainability. Distinct thematic research profiles with not (too) incompatible working routines may be beneficial for medical research groups. A major rationale for research cooperations is the expansion of research capacity and the need for complementary expertise [60]. While authors like Dewulf, François [15] see cooperation in research as more difficult the more diverse the disciplines involved are in terms of cognition, methodology, and structure, Pelz [61] already explained half a century ago that scientists benefit most when interacting with others from dissimilar backgrounds while at the same time exchange ideas with at least one important colleague with similar professional values. Both, purely disciplinary organized reward systems and predominantly disciplinary constituted structures rather minimize than encourage competition within interdisciplinary settings. Scientific careers are made inside disciplines, not across them [1]. Moreover, complementary research topics prevent situations of direct competition in interdisciplinarity. That again facilitates cooperation [5].
The impact of trust and control on satisfaction with collaboration is always negatively moderated by expectations of continuity. This result is quite surprising for trust, as it seems to contradict the well-established concept of the “shadow of the future” ([17], p. 124) and its meaning for building trust and cooperation. As Deeds and Hill [62] already pointed out, relational contracting needs not inevitably protect against opportunism, since in “an extended series of exchange interactions” there is also “the chance for miscommunication or misinterpretation of each other’s action or motives” ([63], p. 148). Initial commitment may give way to distrust. Additionally, the extension of time horizon may be accompanied by an increasing irrelevance of trust to ensure sustainability. The perceived security that there will be collaboration in the future too (e.g., by establishing new research institutes) means that one’s own qualifications are negligible. External structures and constraints relieve actors from trusting others to work efficiently with them.

Managerial implications
Besides only ad hoc generated guidelines, theoretically founded and empirically validated concepts are important in order to ensure sustainable collaboration in interdisciplinary research in academia. In contrast to overly optimistic contributions that generally expect “a climate of trust “ in research ([5], p. 233), our results prove the importance of both, control and trust, to accomplish sustainability.
Control is particularly relevant for performance of collaboration. In contrast to the risk of control for crowding out motivation, we found no such effect. However, it is important to differentiate, because trust is more important than control for satisfaction with collaboration. Moreover, trust adds to the positive impact of control on sustainability (augmentation). Trust may increase voluntary compliance, commitment to collective goals, and willingness to exhibit extra-role behavior [11, 59]. In that respect, monitoring and control are less essential [63]. Therefore, both mechanisms must be balanced. Neither to insist only on control, nor solely on trust is quite efficient [64].
Differently to our conceptual model, the expectation of continuity is consistently a negative moderator variable. The impact of both, trust and control, on satisfaction with collaboration is the lesser the more one does expect the research cooperation to continue. Equally surprising, interdisciplinarity always has a positive effect on sustainability. Rather than being only challenging interdisciplinarity is foremost beneficial. Trust and control are most efficient when research cooperations are built from many different scientific disciplines. Confronted with other perspectives one may overcome one’s own scientific limits.

Limitations 
Our study faces a number of limitations. Firstly, our sample was based on the funding catalogue of the federal government of Germany. Consequently, all research groups were from Germany with a certain institutional set-up and a German research tradition that might not be representative for other countries. Research groups where the majority of researchers could not speak German, were excluded from the analysis. Furthermore, there might have been some non-German speaking respondents within this group, but this was not reflected in our questionnaire although trust and control are cultural values which differ a lot between nationalities [65].
Secondly, our study is based on cross-sectional data. Because results in academic research might need often ten years or more to be presented [66], longitudinal data would be more feasible to assess performance and satisfaction. However, panel mortality necessitated a methodological compromise. No longer being at the beginning all considered research cooperations were already long established. Consequently, causality can only be theoretically checked for plausibility, but not empirically verified. A replication as a longitudinal study would ensure the chronological asymmetry of cause and effect.
Thirdly, due to the complexity of our conceptual model, follow-up surveys with large data sets (N > 500) must also be conducted. In particular, the effect of negative moderation by expectation of continuity, which seems to contradict the positive meaning of lasting relationships for cooperation and trust, needs further studies.
Finally, it would be interesting to check if our results apply to all actors involved in medical research cooperations. According to previous research, there are some indications of different types of actors in interdisciplinary research [67, 68], but more research is needed to understand the balance of trust and control in collaborative medical research.


Conclusion
Medical research is increasingly interdisciplinary extending far beyond the traditional boundaries of medicine, i.e., medical research consortia include natural scientists (e.g. micro biologists, geneticists, physicists, chemists), but more and more also colleagues from social sciences (e.g. sociologists, economists) and the humanities (e.g. philosophers, linguists). This interdisciplinarity is enriching, opens the door to new and fruitful research and is often the only solution to handle complex and comprehensive research topics of relevance for the society. Growing research cooperations between medical specialists and other subjects also requires a common understanding of values, a similar language of communication (which is frequently not too easy between different scientists, even when they speak the same mother tongue) and a code-of-conduct. In other words, we need some form of management of the medical research consortium.
However, this management cannot be based on strict control, since there is no single person or group of people who has the right to give instructions to others. Instead, research calls for an innovative, open and respectful mode of collaboration based on trust. However, trust alone might not be sufficient, so medical research cooperations require the right balance of trust and control.
We have shown that trust and control are equally important to sustain research cooperations. However, our paper also demonstrates that it is necessary to differentiate between two facets of sustainability. Control is essential for the performance of collaboration, while trust is most crucial for the satisfaction of collaboration. Trust also adds to the positive effect of formal and/or mutual control (augmentation effect). Moreover, interdisciplinarity and expectation of continuity are relevant moderators. The impact of trust and control on sustainability is bigger when interdisciplinarity is high, while expectation of continuity is low.
Consequently, interdisciplinary medical research benefits from a balance of trust and control. It all starts with trust in the colleagues and their integrity. This is the door-opener for a joint project and innovative thinking. The better we know each other and the more time and effort we invest in getting to know each other, the better it is for the sustainability of the project. However, trust must not be blind. As soon as a person in a research consortium behaves opportunistically, control measures must be in place to identify the misconduct at an early stage and to initiate countermeasures [69]. A good starting point is when principal investigators and project leaders see themselves not only as scientists alone, but also as managers of the consortium with the obligation to improve the cohesion of the consortium, balance trust and control, and together developing the vision for beneficial interdisciplinary research.

Acknowledgements
The authors would like to thank Thomas Kohlmann and Martin Ratzmann for giving statistical advice, Daniel Hunold, You-Shan Feng, and Sandra Meyer-Moock for forward- and backtranslating the used scales, Claudia Richardt and Vivian Werner of GANI_MED as well as Gudrun Mernitz and Ulrike Kolley of HiCARE for their support in realizing the survey, Olrik Worgitzky for his useful comments and research assistance, likewise Susanne Paetzold (Project management Juelich – PTJ) and Raimund Schaefer (German Aerospace Center – DLR) for advising in public project funding, and finally all engaged research cooperations and scientists for their participation. This study was financially supported by the German Federal Ministry of Education and Research in funding the interdisciplinary research cooperation of GANI_MED from 2009 to 2014 (grant numbers 03IS2061E, 03IS2061A) and by the Ministry for Education, Science, and Culture of Mecklenburg-West Pomerania in funding the doctoral scholarship of the first author from 2014 to 2015.

Authors’ contributions
SF initiated the research. SF and MJ designed and conducted the survey. MK, MJ and SF analysed the data and drew the respective conclusions. MJ drafted the first version of the document, MK and SF finalized it. The author(s) read and approved the final manuscript.

Funding
Open Access funding enabled and organized by Projekt DEAL. The research was partly funded by BMBF as a sub-project of GANI_MED.

Availability of data and materials
All data generated or analyzed during this study can be obtained from the authors.

Declarations
Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
None.


References
	1.
Koenig B, et al. A framework for structuring interdisciplinary research management. Res Policy. 2013;42(1):261–72.

	2.
Katz JS, Martin BR. What is research collaboration? Res Policy. 1997;26(1):1–18.

	3.
Fleßa S, Suchsland T. Bildung von Systemvertrauen. Mehrwert und Herausforderungen interdisziplinärer Forschungskooperationen. Eine exemplarische Analyse am Beispiel von GANI_MED. Wissenschaftsmanagement. 2015;2:30–9.

	4.
Fleßa S, et al. Nachhaltigkeitsfaktoren von Forschungsprojekten. Wissenschaftsmanagement. 2021;26:239–52.

	5.
Laudel G. Interdisziplinaere Forschungskooperation: Erfolgsbedingungen der Institution “Sonderforschungsbereich.” Berlin: Edition Sigma; 1999.

	6.
Haeusler J, Hohn H-W, Luetz S. Contingencies of innovative networks: a case study of successful interfirm R&D collaboration. Res Policy. 1994;23(1):47–66.

	7.
Rossini F, et al. Crossdisciplinarity in the biomedical sciences: a preliminary analysis of anatomy. In: Epton SR, Payne RL, Pearson AW, editors., et al., Managing interdisciplinary research. Chichester: Wiley; 1984. p. 176–84.

	8.
Schophaus M, Dienel HL, von Braun CF. Von Bruecken und Einbahnstrassen – Aufgaben fuer das Kooperationsmanagement interdisziplinaerer Forschung, in Discussion paper. Berlin: Technische Universitaet Berlin, Zentrum Technik und Gesellschaft; 2003.

	9.
von Blanckenburg C, et al. Leitfaden fuer interdisziplinaere Forschergruppen: Projekte initiieren – Zusammenarbeit gestalten. Stuttgart: Steiner; 2005.

	10.
Flessa S. Costing of health care services in developing countries: a prerequisite for affordability, sustainability and efficiency. Frankfurt am Main: Peter Lang; 2009.

	11.
Long CP, Sitkin SB. Trust in the balance: how managers integrate trust-building and task control. In: Bachmann R, Zaheer A, editors. Handbook of trust research. Cheltenham: Elgar; 2006. p. 87–106.

	12.
Das TK, Teng B-S. Between trust and control: developing confidence in partner cooperation in alliances. Acad Manag Rev. 1998;23(3):491–512.

	13.
Rousseau DM, et al. Not so different after all: a cross-discipline view of trust. Acad Manag Rev. 1998;23(3):393–404.

	14.
De Jong BA, Dirks KT. Beyond shared perceptions of trust and monitoring in teams: implications of asymmetry and dissensus. J Appl Psychol. 2012;97(2):391–406.PubMed

	15.
Dewulf A, et al. A framing approach to cross-disciplinary research collaboration: experiences from a large-scale research project on adaptive water management. Ecol Soc. 2007;12(2):1–24.

	16.
McEvily B, Zaheer A. Does trust still matter? Research on the role of trust in inter-organizational exchange. In: Bachmann R, Zaheer A, editors. Handbook of trust research. Cheltenham: Elgar; 2006. p. 280–300.

	17.
Axelrod R. The evolution of cooperation. New York: Basic Books; 1984.

	18.
Martinson BC, Anderson MS, De Vries R. Scientists behaving badly. Nature. 2005;435(7043):737–8.PubMed

	19.
Williamson OE. Calculativeness, trust, and economic organization. J Law Econ. 1993;36(1):453–86.

	20.
Ouchi WG. A conceptual framework for the design of organizational control mechanisms. Manage Sci. 1979;25(9):833–48.

	21.
Williamson OE. The economic institutions of capitalism: firms, markets, relational contracting. New York: Free Press; 1985.

	22.
Fuchs M. Sozialkapital, Vertrauen und Wissenstransfer in Unternehmen. Wiesbaden: Deutscher Universitaets-Verlag; 2006.

	23.
Arrow K. The limits of organization. New York: Norton; 1974.

	24.
Chompalov I, Shrum W. Institutional collaboration in science: a typology of technological practice. Sci Technol Human Values. 1999;24(3):338–72.

	25.
Olk P, Young C. Why members stay in or leave an R&D consortium: performance and conditions of membership as determinants of continuity. Strateg Manag J. 1997;18(11):855–77.

	26.
Campion MA, Papper EM, Medsker GJ. Relations between work team characteristics and effectiveness: a replication and extension. Pers Psychol. 1996;49(2):429–52.

	27.
Pinto MB, Pinto JK, Prescott JE. Antecedents and consequences of project team cross-functional cooperation. Manage Sci. 1993;39(10):1281–97.

	28.
Kirsch LJ. The management of complex tasks in organizations: controlling the systems development process. Organ Sci. 1996;7(1):1–21.

	29.
Weibel A. Kooperation in strategischen Wissensnetzwerken: Vertrauen und Kontrolle zur Loesung des sozialen Dilemmas. Wiesbaden: Deutscher Universitaets-Verlag; 2004.

	30.
Osterloh M, Homberg F. Vertrauen und Kontrolle in der Forschung. In: Bouncken RB, Jochims T, Kuesters EA, editors. Steuerung versus Emergenz: Entwicklung und Wachstum von Unternehmen. Wiesbaden: Gabler; 2008. p. 485–503.

	31.
Ouchi WG. Markets, bureaucracies, and clans. Adm Sci Q. 1980;25(1):129–41.

	32.
Luhmann N. Soziale Systeme: Grundriss einer allgemeinen Theorie. Frankfurt am Main: Suhrkamp; 1987.

	33.
Eberl P. In: Moeller H, editor. Vertrauen und Kontrolle in Organisationen. Das problematische Verhaeltnis der Betriebswirtschaftslehre zum Vertrauen, in Vertrauen in Organisationen. Riskante Vorleistung oder hoffungsvolle Erwartung? Wiesbaden: Springer; 2012. p. 93–110.

	34.
Nahapiet J, Ghoshal S. Social capital, intellectual capital, and the organizational advantage. Acad Manag Rev. 1998;23(2):242–66.

	35.
Luhmann N. Vertrauen: ein Mechanismus der Reduktion sozialer Komplexitaet. Stuttgart: Enke; 1968.

	36.
Das TK, Teng B-S. Trust, control, and risk in strategic alliances: an integrated framework. Organ Stud. 2001;22(2):251–83.

	37.
Pratt JW, Zeckhauser RJ. Principals and agents: an overview. In: Pratt JW, Zeckhauser R, Arrow KJ, editors. Principals and agents: the structure of business. Boston, Massachusetts: Harvard Business School Press; 1985. p. 1–36.

	38.
Mouzas, S. and K. Blois. Relational contract theory: confirmations and contradictions. in 24th IMP Conference. Uppsala, Sweden. 2008. 

	39.
Gulati R. Does familiarity breed trust? The implications of repeated ties for contractual choice in alliances. Acad Manag J. 1995;38(1):85–112.

	40.
Mora-Valentin EM, Montoro-Sanchez A, Guerras-Martin LA. Determining factors in the success of R&D cooperative agreements between firms and research organizations. Res Policy. 2004;33(1):17–40.

	41.
Wegmeth, U. Eignung von strategischen Allianzen zur Verbesserung der Wettbewerbssituation in der deutschen Molkereiwirtschaft. in 40th GEWISOLA Conference. Kiel, Germany. 1999. 

	42.
Hoegl M. Teamarbeit in innovativen Projekten. Wiesbaden: Deutscher Universitaets-Verlag; 1998.

	43.
Lurey JS, Raisinghani MS. An empirical study of best practices in virtual teams. Information & Management. 2001;38(8):523–44.

	44.
Metzger FM, et al. Koordinationsmechanismen und Innovativitaet von Netzwerken: eine empirische Analyse. Schmalenbachs Zeitschrift fuer betriebswirtschaftliche Forschung. 2012;64(4):428–55.

	45.
Walter SG, Mueller D, Walter A. Dysfunktionen in F&E-Koopetitionen: Praeventivmassnahmen und Kooperationserfolg. Schmalenbachs Zeitschrift fuer betriebswirtschaftliche Forschung. 2010;62(2):134–59.

	46.
John G. An empirical investigation of some antecedents of opportunism in a marketing channel. J Mark Res. 1984;21(3):278–89.

	47.
Hoegl M, Weinkauf K, Gemuenden H, Managing multi-team projects at the team and the project level, in Management von Teams. In: Hoegl H, Gemuenden H, editors. Theoretische Konzepte und empirische Befunde. Wiesbaden: Deutscher Universitaets-Verlag; 2005. p. 261–95.

	48.
Mayer RC, Davis JH. The effect of the performance appraisal system on trust for management: a field quasi-experiment. J Appl Psychol. 1999;84(1):123.

	49.
Noordewier TG, John G, Nevin JR. Performance outcomes of purchasing arrangements in industrial buyer-vendor relationships. J Mark. 1990;54(4):80–93.

	50.
Podsakoff PM, et al. Common method biases in behavioral research: a critical review of the literature and recommended remedies. J Appl Psychol. 2003;88(5):879–903.PubMed

	51.
Armstrong JS, Overton TS. Estimating nonresponse bias in mail surveys. J Mark Res. 1977;14(3):396–402.

	52.
Grabe HJ, et al. Cohort profile: Greifswald approach to individualized medicine (GANI_MED). J Transl Med. 2014;12(1):144–58.PubMedPubMedCentral

	53.
Langanke M, et al. Was ist Individualisierte Medizin? Zur terminologischen Justierung eines schillernden Begriffs. Zeitschrift für medizinische Ethik. 2012;58(4):295–314.

	54.
Bass BM. Two decades of research and development in transformational leadership. Eur J Work Organ Psy. 1999;8(1):9–32.

	55.
Hater JJ, Bass BM. Superiors’ evaluations and subordinates’ perceptions of transformational and transactional leadership. J Appl Psychol. 1988;73(4):695–702.

	56.
Waldman DA, Bass BM, Yammarino FJ. Adding to contingent-reward behavior the augmenting effect of charismatic leadership. Group Org Manag. 1990;15(4):381–94.

	57.
Tabachnick BG, Fidell LS. Using multivariate statistics. 5th ed. Boston: Pearson; 2007.

	58.
Baron RM, Kenny DA. The moderator-mediator variable distinction in social psychological research: conceptual, strategic, and statistical considerations. J Pers Soc Psychol. 1986;51(6):1173–82.PubMed

	59.
Dirks KT, Ferrin DL. The role of trust in organizational settings. Organ Sci. 2001;12(4):450–67.

	60.
Heinze T, Kuhlmann S. Analysis of heterogeneous collaboration in the German research system with a focus on nanotechnology. In: Jansen D, editor. New forms of governance in research organizations: disciplinary approaches, interfaces and integration. Berlin: Springer; 2007. p. 189–209.

	61.
Pelz DC. Some social factors related to performance in a research organization. Adm Sci Q. 1956;1(3):310–25.

	62.
Deeds DL, Hill CWL. An examination of opportunistic action within research alliances: evidence from the biotechnology industry. J Bus Ventur. 1999;14(2):141–63.

	63.
Hosmer LT. Trust: the connecting link between organizational theory and philosophical ethics. Acad Manag Rev. 1995;20(2):379–403.

	64.
Nooteboom B. Forms, sources and processes of trust. In: Bachmann R, Zaheer A, editors. Handbook of trust research. Cheltenham: Elgar; 2006. p. 247–63.

	65.
Hofstede G. Culture and organizations. Int Stud Manag Organ. 1980;10(4):15–41.

	66.
Defila R. and Di Giulio A. Evaluationskriterien fuer inter-und transdisziplinaere Forschung, Projektbericht – Arbeitsinstrument – Vernehmlassung. Panorama Sondernummer 99 "Transdisziplinaritaet evaluieren – aber wie?", Informationsheft des Schwerpunktprogramms Umwelt, Schweizerischer Nationalfond zur Foerderung der wissenschaftlichen Forschung. Bern. 1999

	67.
Flessa S, John M, Mahnke J. Zwischen Vertrauen und Kontrolle: Management interdisziplinaerer Forschungsverbuende – Eine exemplarische Analys. Wissenschaftsmanagement – Zeitschrift fuer Innovation. 2011;17(6):38–43.

	68.
Hofmann YE. Erfolgsfaktoren interdisziplinaerer Forschungsprojekte: Ergebnisse einer Umfrage bei Professoren der Betriebswirtschaftslehre und der Sozialpsychologie. Zeitschrift fuer Personalforschung. 2005;19(1):45–63.

	69.
Nowak MA, Sigmund K. Tit for tat in heterogeneous populations. Nature. 1992;355(6357):250–3.



Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/navigation.xhtml

    
      Contents


      
        		Sustaining medical research – the role of trust and control


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/css/envelope.png





OEBPS/images/13561_2023_445_Fig1_HTML.png
e ~| Formal control

I‘I Mutual control

| Interdisciplinarity

| Control

|_4| Trust principal

Cooperation
performance

| Trust agent

AWAN

N

Trust

Cooperation
satisfaction

Expectation of
continuity

Moderators

Sustainability






OEBPS/css/sidebar.gif





