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4 Results: knowledge sharing at the intra-team 
level 

4.1 Introduction 
 

This chapter presents and discusses the empirical results for dyadic 
knowledge sharing at the intra-team level. Data on knowledge sharing 
between team members was gathered through questionnaires and analyzed 
by multilevel regression analyses.  

Chapter 2 discussed the effects of four enablers on the direction, 
frequency and multiplexity of knowledge sharing and formulated 
propositions. Using multilevel regression analysis, a model was built for 
each knowledge sharing characteristic. The effects of the enablers on the 
knowledge sharing characteristics were then analyzed from the empirical 
data. This chapter presents these models. The results of the analysis are 
discussed separately for each knowledge sharing characteristic. The models 
for reciprocity, frequency, and multiplexity are discussed in sections 4.2, 
4.3, and 4.4. Each section starts with a description of the model for the 
property concerned. Subsequently, the statistical results are presented, 
interpreted, and compared to the propositions formulated in the framework 
of theories. The empirical results also have theoretical implications. Which 
theory best explains the effects of the enablers and the knowledge sharing 
characteristics self is discussed in section 4.5. 

4.2 Reciprocity  

4.2.1 Description of the model 

 
Reciprocity represents the degree to which there is two-way knowledge 
sharing. The reciprocity of knowledge sharing relations is indicated by three 
states; people can share knowledge mutually, asymmetrically, or not at all. 
In the model for reciprocity, reciprocity is the dependent variable and 
expertise overlap, co-location, involvement in multiple projects, and task 
dependency are the explanatory variables. Because reciprocity is a 
categorical dependent variable, the multinomial logit link function is used in 
the multilevel regression. In our statistical model, M denotes the possible 
categories of the outcome variable reciprocity. The response, R, takes on 
the value of m with probability Prob(R=m). In the case of reciprocity, there 
are three categories, where:  

m=1, for a mutual tie 
m=2, for an asymmetrical tie 
m=3, for a null tie 
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ij1ϕ denotes the probability of dyad i in team j falling into category 1.  

As argued, the multinomial logit link function is used. For M=3 there are two 
sets of level-1 (the dyad-level) and level-2 (the team level) equations:  
The level-1 link function is: 
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Category M is the reference category. For reciprocity this is the category for 
null ties, so the reference category denotes the relations where no 
knowledge is shared. This means that when m=1, denotes the log odds 

of a set of team members i in team j sharing knowledge mutually relative to 
them not sharing knowledge. For reciprocity there are three categories, 
therefore there are two equations; an equation modeling the probability of 
the team member sharing knowledge mutually relative to not sharing 
knowledge (equation 1) and an equation modeling the probability of the 
team members sharing knowledge one-way relative to them not sharing 
knowledge (equation 2).  

ij1η

The pair of logits at the dyadic level is modeled as a function of the 
enablers: 
 

( ) ( ) ( ) ( ) ( ) ( )TDINVINVCOEXP jjjjjij 1514131211101 2_1_ ββββββη +++++=        (1)    

( ) ( ) ( ) ( ) ( ) ( )TDINVINVCOEXP jjjjjij 2524232221202 2_1_ ββββββη +++++=      (2)   

 
Where: 
EXP= expertise overlap 
CO= co-location between i and j 
INV_1= either i or j is involved in multiple projects 
INV_2= both i and j are involved in multiple projects 
TD= task dependency between i and j 
() refers to the equation concerned 
 
For the team level (level-2), only a random intercept is modeled, thus: 
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Therefore the full model is: 
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4.2.2 Results  

 
The intra-class correlation (ICC) measures the proportion of the variance 
explained by the grouping structure in the population (Hox, 2002). In other 
words, the ICC is the proportion of team level variance compared to the 
total variance. The ICC can be calculated by running a model without 
including the explanatory variables. This so-called ‘null model’ (or ‘intercept-
only model’) only incorporates the intercepts. The null model gives an 
insight into the distribution of the variance by estimating how much of the 

variance resides at the dyadic level ( ) and how much at the team level 

( ). Using the null model, the ICC can be calculated by the equation:  

2
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Table 4-1 sets out the results of the null model and the full model for 

reciprocity. The estimate of the variance at the dyadic level ( ) has a 
value of 1.00. In logistic multilevel regressions, this value is just a scale 
factor. The variance for a standard logistic distribution is . 
Thus, the ICC for the model of the reciprocity being mutual is: 

e2σ

29.33/2 ≈π

59.0
29.369.4

69.4
1 =

+
=ρ , indicating that 59 percent of the total variance in 

this model for mutual knowledge sharing can be explained by variation at 
the team level. For the knowledge sharing being asymmetrical compared to 
null, , indicating that 28 percent of the variance in this model 

resides at the team level. From this, we can conclude that whether or not 
two team members share knowledge mutually depends to a considerable 
extent on the team they belong to, but still also for a large part (41 
percent) on the characteristics of their dyad. In the case of the team 
members sharing knowledge asymmetrically rather than not at all, this 
depends for the largest part on the enablers and less (28 percent) on their 
team membership. 

28.02 =ρ

After running the null model, the explanatory variables were included 
and the full model was analyzed. In the models where the knowledge 
sharing is mutual ( ) the intercept is the expected log odds of the team 
members sharing knowledge mutually relative to the team members not 
sharing knowledge. For the model where knowledge sharing is asymmetrical 
( ), the intercept reflects the log odds of the team members having 

2=Y

1=Y

 



Chapter 4 Results: knowledge sharing at the intra-team level  
 

 

 

90

 
 

one-way knowledge sharing relative to them not sharing knowledge. For two 
team members who have an average expertise overlap, who are not co-
located, who are not involved in multiple projects, and have no task 
dependency, the estimated expected log odds for sharing knowledge 
mutually is -1.15, corresponding to an odds ratio of 0.32. This means that 
these team members are 0.32 times as likely to share knowledge mutually 
compared to not sharing knowledge at all. In other words, they are three 
times more likely to not share knowledge than to do so mutually. The same 
team members have 1.15 times the odds of having one-way knowledge 
sharing as opposed to not sharing knowledge at all. Translating these odds 
into probabilities, the probability that team members in these dyads do not 
share knowledge is 41 percent, the probability that they share knowledge 
asymmetrically is 47 percent, and the probability they share knowledge 
mutually is 12 percent. 

The findings indicate that only the involvement of one team member 
in multiple projects has a negative effect on mutual knowledge sharing. 
Expertise overlap, co-location and task dependency on the other hand all 
positively affect mutual knowledge sharing as compared to no knowledge 
sharing at all. For asymmetrical knowledge sharing, the involvement of one 
or both team members in multiple projects has a negative effect. However, 
task dependency, expertise overlap, and co-location considerably increase 
the probability that team members share knowledge one-way as opposed to 
them not sharing knowledge. In the model, the odds ratios indicate the size 
of the effects of the explanatory variables on the direction of knowledge 
sharing.  

Task dependency has the largest effect on both mutual and 
asymmetrical knowledge sharing. Keeping the other variables constant, 
creating task dependency between team members means that the odds of 
sharing knowledge mutually increase substantially. The team members are 
38 times more likely to share knowledge mutually than to not share 
knowledge. At the same time, the probability that the team members share 
knowledge asymmetrically increases seven times compared to them not 
sharing knowledge at all. From this, it can be concluded that when task 
dependency is created between two team members, the probability that 
they will share knowledge (either mutually or asymmetrically) is much 
higher than that they will not share knowledge. The results also show that 
the effects of task dependency, co-location, and expertise overlap are larger 
for mutual knowledge sharing than for asymmetrical knowledge sharing.  

The model can be used to calculate the probabilities of dyads falling in 
one of the three categories. Five profiles were formulated to facilitate the 
interpretation of the results. The profiles are examples of situations to 
illustrate the effects of the enablers on the direction of knowledge sharing. 



 

 

Results for reciprocity’ 

 Intercept only model Final model 

 Model Y=mutual Model Y=asymmetric Model Y=mutual Model Y= asymmetric 

Fixed part 
predictor 

Coeff.     Odds ratio Coeff. Odds ratio Coeff. Odds ratio Coeff. Odds ratio

Intercept       -0.28 (0.40) 0.76 0.78**(0.23) 2.17 -1.15  (0.79) 0.32  0.14 (0.60) 1.15

Expertise 
overlap 

       1.47** (0.41) 4.34  0.93** (0.37) 2.52

Co-location         1.25* (0.58) 3.50 0.51 (0.48) 1.66

Involvement_1       -1.19** (0.51) 0.41 -0.86* (0.45) 0.42

Involvement_2        0.24 (0.70) 1.27 -0.13 (0.61) 0.88

Task 
dependency 

       3.64** (0.50) 38.25  1.94** (0.44) 7.01

Random part:         

e
2σ  1        1 1 1

0
2
uσ  4.69        1.30 5.08 1.85

´ n=  357 (dyads). Unstandardized coefficients are shown (standard errors in parentheses). Two-tailed tests are reported. Reference 
category: no knowledge sharing.  

Table 4-1: The results for reciprocity

*   p<0.05 
** p<0.01 
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The first profile represents the ‘average’ situation; dyads where the team 
members have an average expertise overlap, where they are co-located, not 
involved in multiple projects, and are task dependent. The second profile 
shows what happens when the team members in these dyads are not co-
located. The third profile illustrates what happens to the dyads in the 
average situation when there is no task dependency. The fourth profile 
shows the effect of co-location and expertise overlap, in order to explore 
whether co-location and an above average overlap in expertise substitute 
for task dependency. When two team members are both involved in multiple 
projects, they are less likely to be co-located. In the fifth profile we show 
what happens when they are task dependent. 
For each of these profiles, the probabilities of falling in the different 
categories are calculated. These are shown in table 4-2. Looking at the 
profiles and the probabilities for the mutual, asymmetrical and null ties, it is 
noticed that the probability of the team members sharing knowledge 
mutually is highest in the first profile, which represents the average 
situation. The large effect of task dependency on mutual knowledge sharing 
is also illustrated when comparing profile one and three. Profile one and 
 

Profiles for reciprocity 

Profiles Reciprocity 

 Prob (mutual) Prob (asymm) Prob (null) 

1 expertise overlap: 
co-located:  
multiple projects:  
task dependent: 

avg* 
yes 
no 
yes 

0.75 0.24 0.02 

2 expertise overlap: 
co-located:  
multiple projects:  
task dependent: 

avg 
no 
no 
yes 

0.57 0.38 0.05 

3 expertise overlap: 
co-located:  
multiple projects:  
task dependent: 

avg 
yes 
no 
no  

0.27 0.48 0.25 

4 expertise overlap: 
co-located: 
multiple projects: 
task dependent: 

> avg** 
yes 
no 
no 

0.59 0.38 0.03 

5 expertise overlap: 
co-located: 
multiple projects: 
task dependent: 

avg 
no 
both 
yes 

0.66 0.30 0.04 

* avg: avg stands for average.  
** > avg = the mean value + 2· standard deviation.  
Table 4-2: Profiles for reciprocity 
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three concern the same set of team members, but where in the first profile 
the team members are task dependent, in profile three they are not. The 
probability that knowledge is shared mutually then drops to 0.27 while the 
probability of the team members sharing no knowledge rises from 0.02 to 
0.25. Compared to the other profiles, this is the highest probability that the 
team members will not share knowledge. This is a clear indication of the 
strength of the effect of task dependency on knowledge sharing. When 
comparing the first and the fifth situation, it seems that when team 
members are not co-located, involvement in multiple projects can somewhat 
compensate because profile five shows that involving both team members in 
multiple projects makes them more likely to share knowledge mutually. For 
profile two and profile four, the probabilities of sharing knowledge mutually 
or asymmetrically are almost equal. This means that being co-located and 
having an above average overlap in expertise creates the same probability 
of team members sharing knowledge as being task dependent. However, 
the probability of the team members not sharing knowledge is also highest 
in this situation. A comparison of profile two and five reveals the effect of 
involvement in multiple projects. Both represent a situation where two team 
members have an average overlap in expertise, are task dependent, but not 
co-located. Where in the second profile both team members are not 
involved in projects outside the consortium, in the fifth profile they are. 
Noticeably, when they are both involved in multiple projects the probability 
of them sharing knowledge mutually increases somewhat. At the same time, 
the probability of them sharing knowledge asymmetrically drops somewhat, 
while the probability of them not sharing knowledge stays almost equal. In 
situation three, team members have the highest probability of sharing 
knowledge asymmetrically. In this situation, the team members are neither 
task dependent nor involved in multiple projects, but they are co-located 
and have an average overlap in expertise. To explain these results, we 
return to the explanations as provided by the social theories.  

4.2.3 Comparing the findings to the propositions 

 
Three social theories were discussed, offering explanations for knowledge 
sharing and proposing effects for the influence of enablers on the reciprocity 
of knowledge sharing. The proposed effects for the enablers on reciprocity 
are shown in table 2.2. Comparing the relations found through the analyses 
to these propositions, we found that certain aspects of the theories were not 
supported, while other propositions were affirmed. Table 4-3 shows where 
the propositions of the social theories are affirmed and where they are not 
supported. For expertise overlap, the results show positive effects on 
mutual and asymmetrical knowledge sharing. The effects of expertise 
overlap are also considerable relative to the other variables. When team 
members have a larger overlap of expertise, they are more likely to share 
knowledge asymmetrically or mutually than to share no knowledge at all. 



 

 

 
 

 

Comparison of propositions and empirical findings for reciprocity 

Explanatory variable Social theories 

  Transactive Memory 
theory  

Social Exchange theory Proximity theory 
 

Empirical findings 

  M 
 

A           N M A N M A N M A N

Expertise overlap X √         X X √ X √ √ √ + + -

Co-location √          X X √ X X √ √ √ + + -

Involvement in 
multiple projects:  

            

  One actor
Both actors 

X 
X 

X 
X 

X 
X 

√ 
√ 

X 
√ 

√ 
√ 

√ 
X 

X 
X 

√ 
X 

- 
+ 

- 
- 

+ 
- 

Task dependency √ √ √ √      X √ √ √ √ + + -

M=mutual knowledge sharing 
A= asymmetrical knowledge sharing 
N= null tie (no knowledge sharing) 
√ : the proposition of the theory is in line with the empirical findings 
X : the proposition of the theory is not supported by the empirical findings 
-: the findings indicate that the enabler negatively affects reciprocity 
+: the findings indicate that the enabler positively affects reciprocity 
Table 4-3: Comparison of the theoretical propositions and the empirical findings for reciprocity 
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The arguments of Transactive Memory theory and Social Exchange theory 
for the effect of expertise overlap on the direction of knowledge sharing are 
quite overlapping. Transactive Memory states that knowledge sharing is 
most efficient when knowledge is differentiated; when team members have 
a small or no overlap in expertise, they are more likely to share knowledge. 
In other words, as the overlap in expertise increases, the need for the 
professionals to share knowledge diminishes. Social Exchange theory states 
that there needs to be a discrepancy in knowledge to make the knowledge 
sharing valuable for the team members. When there is an overlap in 
knowledge, team members see less value in sharing knowledge because 
they have less to offer each other. The empirical findings do not support the 
arguments of Transactive Memory theory and Social Exchange theory. On 
the other hand, Proximity theory states that team members who are 
(cognitively) proximate are more likely to share knowledge. When there is a 
small or no overlap in expertise they are likely to not share knowledge. This 
argument is supported by the findings. Team members in instrument 
consortia prefer to approach team members with whom they have an 
overlap in expertise. It is likely that they feel that they share the same 
language, background and mental models with these team members (they 
are cognitively proximate).  

The results for co-location show that co-location is positively related 
to both mutual knowledge sharing and asymmetrical knowledge sharing. 
Comparing the propositions of the theories to the empirical findings, we 
found that the three theories all propose that team members who are co-
located are more likely to share knowledge mutually. Transactive Memory 
theory states that co-location causes the team members to recognize each 
other’s expertise more accurately. Because they have better insight into 
each other’s knowledge, they share knowledge more mutually. This is quite 
similar to the reasoning of Social Exchange theory, which proposes that 
when team members are co-located, it is easier for them to learn what 
expertise the other has to offer. Additionally, Social Exchange theory states 
that co-located team members are better able to recognize their position in 
the whole and the alternative knowledge sources. This also leads the team 
members to share knowledge mutually. These arguments were supported 
by the empirical findings. However, for the effects of co-location on 
asymmetrical knowledge sharing and the absence of knowledge sharing, the 
line of reasoning of Transactive Memory theory and Social Exchange theory 
does not appear to hold. Besides co-location leading to more mutual 
knowledge sharing, both theories also state that it leads to more team 
members not sharing knowledge. When team members have better insight 
into each other’s expertise, they can also make better decisions about who 
they should not approach for knowledge. This leads to more relations where 
no knowledge is shared and to fewer relations where knowledge is shared 
asymmetrically. These propositions are not supported by the empirical 
findings. Instead, we find that co-location not only has a positive effect on 
mutual knowledge sharing, it also causes team members to share 
knowledge in one direction more. At the same time co-located team 
members have fewer null ties. The empirical findings thereby support the 
propositions of Proximity theory. Proximity theory stated that when team 
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members are co-located, they are more likely to meet and interact causing 
them to share knowledge both mutually and asymmetrically. This is in line 
with the empirical results for the instrument consortia.  

For involvement in multiple projects, the results show that when one 
team member is involved in projects outside the consortium and the other is 
not, they are less likely to share knowledge. However, when both team 
members are involved in projects outside the consortium the opposite is 
found; the results show that these team members are more likely to share 
knowledge mutually and less likely to share knowledge asymmetrically or 
not at all. Comparing these findings to the propositions, we found that none 
of the propositions of Transactive Memory theory are supported by the data. 
Transactive Memory theory states that when one team member is involved 
in multiple projects, team members need each other’s expertise. The one 
involved in another project needs the other to stay up-to-date on the 
consortium, and the one working fulltime in the consortium needs the other 
for new knowledge and experiences gained in the outside project. In the 
situation where both team members are involved in multiple projects, 
Transactive Memory theory states that they have less insight into each 
other’s expertise and also become more selective in their information 
retrieval, leading to more null and asymmetrical ties. This line of reasoning 
for the involvement of team members in projects outside the consortium 
does not find support for the instrument consortia studied. The propositions 
of Proximity theory are only partly supported by the empirical findings. 
Proximity theory states that the involvement of both team members makes 
them less close and therefore leads to less (mutual and asymmetrical) 
knowledge sharing. Nevertheless, the empirical findings indicate different 
effects. For the involvement of one team member in projects outside the 
consortium, the explanation of Proximity is supported, but for the 
involvement of both team members in multiple projects it is not. The 
mechanisms proposed by Social Exchange theory explain the effects of 
involvement in multiple projects better, as five out of six propositions are in 
line with the results. The explanation Social Exchange theory provides is 
that when one or both of the team members are involved in multiple 
projects, their alternative sources for knowledge are likely to play a role in 
whether they share knowledge mutually or not. When a team member is 
involved in a project outside the consortium, he has access to alternative 
knowledge sources. At the same time this person has less relevant 
knowledge to offer the team members who work fulltime on the consortium 
and has less insight into the knowledge other team members have. This 
makes team members less likely to share knowledge with the team 
members who work fulltime on the consortium. At the same time they are 
more likely to share knowledge (mutually) with the team members who 
work in multiple projects. These arguments are supported by the empirical 
data.  

As the results show, the enabler that has the largest effect on the 
reciprocity of knowledge sharing is task dependency. Two team members 
are most likely to share knowledge when they perceive task dependency 
between them. This is not particularly surprising as the team members of 
instrument consortia find themselves in a very task-oriented environment. 
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Furthermore, we focused on measuring know-how, a type of knowledge 
used for solving problems and executing tasks. In formulating propositions 
for the effect of task dependency on the direction of knowledge sharing, the 
three theories were quite overlapping and complementary. Social Exchange 
theory states that when team members are task dependent, it implies that 
they are dependent on each other’s knowledge. This makes them likely to 
engage in mutual knowledge sharing. This explanation very much resembles 
the reasoning of Transactive Memory theory. Transactive Memory theory 
also links task dependency to cognitive dependency by stating that when 
the team members are task dependent they need each other’s knowledge. 
This explanation is very likely to be the case in the instrument consortia: 
team members have to execute their tasks and engage in knowledge 
sharing with team members whose input they need for the completion of 
their tasks. The explanation of Proximity theory is complementary to the 
reasoning of Transactive Memory theory and Social Exchange theory. 
Proximity theory regards task dependency as a form of organizational 
proximity, which implies that when two team members are task dependent, 
they are more proximate and, therefore, more likely to share knowledge 
(either mutually or asymmetrically). As the results show, the argumentation 
of all three theories is supported. There is one exception: the effect of task 
dependency on asymmetrical knowledge sharing as proposed by Social 
Exchange theory. The other two theories just state that the probability 
increases that team members share knowledge when they are task 
dependent, either asymmetrically or mutually. Social Exchange theory is 
based on the principle of reciprocity and states that team members prefer 
mutual knowledge sharing. When there is task dependency between two 
team members they need each other’s knowledge. In the view of Social 
Exchange theory this makes them less likely to have asymmetrical 
knowledge sharing. However, the empirical data show the opposite effect; 
the tendency of team members to prefer mutual relationships does not 
seem to hold for the effect of task dependency on the direction of 
knowledge sharing.  

4.3 Frequency 

4.3.1 Description of the model 

 
In the model for frequency the explanatory variables are expertise overlap, 
co-location, involvement in multiple projects and task dependency. The 
dependent variable is frequency, which has four possible values: daily, 
weekly, monthly, and less than monthly/never. Frequency is an ordinal 
variable, and therefore an ordinal multilevel regression is most appropriate. 
The ordinal multilevel regression uses cumulative probabilities, making the 
assumption of proportional odds. The assumption underlying the 
proportional odds model is that the explanatory variables affect the odds 
ratio in the same way for every category of the explanatory variable. This 
implies that, for example, expertise overlap should have a similar 
association with each successive cumulative odd. Before using the ordinal 

 



Chapter 4 Results: knowledge sharing at the intra-team level  
 

98

multilevel regression, this assumption was checked by analyzing the model 
in a multinomial multilevel analysis. The directions of the coefficients are 
similar for the categories of frequency, from which we can conclude the 
assumption of proportional odds is supported. Therefore, an ordinal 
multilevel regression model is used for frequency.  

An ordinal multilevel regression uses a logit link function. This makes 
the type of model for frequency somewhat similar to the type of model used 
for reciprocity. In the model for frequency, M denotes the possible 
categories of the outcome variable, in this case frequency. The response, R, 
takes on the value of m with probability Prob(R=m). In the case of 
frequency, there are four categories, where:  

m=1, for daily knowledge sharing 
m=2, for weekly knowledge sharing 
m=3, for monthly knowledge sharing 
m=4, for less than monthly or no knowledge sharing 

The difference with the model for reciprocity is that an ordinal multilevel 
model uses cumulative probabilities. The probabilities in the ordinal model 
are formulated as follows:  
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For the ordinal model, all the odds take the following form: 

( )
( )jscoreob

jscoreob
mij >

≤
=

Pr
Prη  

So when m=1(daily knowledge sharing),  denotes the log odds of dyad i 

in team j sharing knowledge on a daily basis relative to sharing knowledge 
less frequently. The last category (the frequency is less than monthly or 
never) does not have an odds associated with it, since the probability for 
scoring up to and including the last score is 1. 

ij1η

The ordinal multilevel model works with threshold values. These are values 
that do not depend on the values of the explanatory variables, but they are 
like an intercept in a linear regression, except that each logit has its own. 
They can be used in calculations of predicted values, like in calculation of 
the probabilities for the profiles we use to interpret the results. The logits at 
the dyadic level are modeled as a function of the enablers: 
 

( ) ( ) ( ) ( ) ( ) ( )TDINVINVCOEXP jjjjjij 1514131211101 2_1_ ββββββη +++++=
       (4) 

 

 

( ) ( ) ( ) ( ) ( ) 2_1_ 24232221202 INVINVCOEXP jjjjij βββββη ++++=                    (5) 

 
( ) 225 δβ ++ TDj

 ( ) ( ) ( ) ( ) ( ) 2_1_ 34333231303 INVINVCOEXP jjjjij βββββη ++++=                    (6) 

  ( ) 3235 δδβ +++ TDj
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Where: 
EXP=expertise overlap 
CO=co-location 
INV_1= either i or j is involved in multiple projects 
INV_2= both i and j are involved in multiple projects 
TD=task dependency 
 
For the team level (level-2), only a random effect is modeled: 
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The final model for frequency is formalized as follows: 
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         (7) 

 
With:  

=2δ threshold for weekly knowledge sharing  

=3δ threshold for monthly knowledge sharing 

4.3.2 Results  

 
Like the model for reciprocity, the model for frequency is analyzed using 
HLM6. Table 4-4 sets out the results for frequency. For frequency, the 
analyses start with running the null model. The ICC is calculated based on 
the null model. As a logit link function is used, we use the variance for a 
standard logistic distribution ( ). The ICC for frequency is: 29.33/2 ≈π

37.0=ρ . This indicates that the frequency with which team members in a 
dyad share knowledge depends for 37 percent on the team in which the 
dyad is situated and for the largest part (63 percent) on the enablers.  

After running the intercept-only model, the full model is analyzed. The 
intercept and threshold values and corresponding odds ratios indicate that 
for a dyad where the overlap in expertise is average, where the team 
members are not co-located, not involved in multiple projects, and not task 
dependent, the odds of sharing knowledge daily as opposed to sharing 
knowledge less often is very low (0.01). The same team members are 8.75 
times as likely to share knowledge at least weekly as likely to sharing 
knowledge less than weekly. The odds for at least monthly knowledge 
sharing as opposed to less than monthly or not at all are 52.80.  

The interpretation of the coefficients of the explanatory variables is 
somewhat different from multinomial or linear models. The findings indicate 
that the coefficients for all explanatory variables are positive. In ordinal 
multilevel regression a positive coefficient for a dichotomous variable means 
that the higher scores are more likely for the first category. In our case the 
first category is daily knowledge sharing. The positive coefficients for these  
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Results for frequency’ 

 Intercept only model Final model 

Fixed part 
predictor: 

Coeff.  Odds ratio Coeff.  Odds ratio 

Intercept -1.64** (0.25) 0.19 -4.49**  (0.54) 0.01 

Expertise overlap    0.32*    (0.19) 1.37 

Co-location    1.57**  (0.32) 4.81 

Involvement1    0.01      (0.27) 1.01 

Involvement2    0.92*    (0.39) 2.50 

Task dependency    2.10**  (0.26) 8.75 

Threshold 2  1.54** (0.09) 4.64  2.17**  (0.18) 8.75 

Threshold 3  2.83** (0.12) 16.90  3.97**  (0.26) 52.80 

Random part:       

e
2σ  1   1  

0
2
uσ  1.95   2.69  

´ n= 357 (dyads). Unstandardized coefficients are shown (standard errors in 
parentheses). Two-tailed tests are reported.  
*   p<0.05 
** p<0.01 
Table 4-4: The results for frequency 

variables indicate that when team members are for example task 
dependent, the probability that they share knowledge daily increases the 
most. For continuous variables, a positive coefficient implies that when the 
value of the variable increases, the likelihood of larger scores increases. 
Expertise overlap is the only continuous explanatory variable. The positive 
coefficient for expertise overlap means that when the expertise overlap 
between team members increases, it becomes more likely that they share 
knowledge more frequently. Comparing the enablers, we found that task 
dependency has the largest effect on the frequency of knowledge sharing. 
However, the effect of co-location is also quite large. For frequency, the 
probabilities of falling into one of the categories were also calculated for the 
five profiles. The results are presented in table 4-5.   

The table shows that in the average situation (profile one), the 
probability is highest that team members will share knowledge on a daily or 
weekly basis. The role of co-location becomes clear in profile two. It  
presents the same situation, except the team members are not co-located. 
It shows that when the team members are not co-located, the probability 
that they share knowledge daily drops to 0.08, while the probability that 
they share knowledge monthly rises from 0.16 to 0.38. Thus, team 
members who have average overlap in expertise, and are not involved in  
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Profiles for frequency 

Profiles Frequency 

 Prob 
(daily) 

Prob 
(weekly) 

Prob 
(monthly) 

Prob(less than 
monthly/never 

1 expertise overlap: 
co-located:  
multiple projects:  
task dependent: 

avg* 
yes 
no 
yes 

0.31 0.49 0.16 0.04 

2 expertise overlap: 
co-located:  
multiple projects:  
task dependent: 

avg 
no 
no 
yes 

0.08 0.36 0.38 0.17 

3 expertise overlap: 
co-located:  
multiple projects:  
task dependent: 

avg 
yes 
no 
no  

0.05 0.27 0.42 0.26 

4 expertise overlap: 
co-located: 
multiple projects: 
task dependent: 

> avg** 
yes 
no 
no 

0.09 0.37 0.38 0.16 

5 expertise overlap: 
co-located: 
multiple projects: 
task dependent: 

avg 
no 
both 
yes 

0.19 0.48 0.26 0.08 

* avg: avg stands for average. The variable ‘expertise overlap’ is grand mean 
centered, which means that the mean is taken as the average value.  
** > avg = the mean value + two times the standard deviation.  
Table 4-5: The profiles for frequency 

multiple projects and have task dependency are more likely to share 
knowledge weekly or monthly when not co-located. If these team members 
would be co-located, it is highly likely that they share knowledge more 
often.  

The third profile illustrates the large effect of task dependency. If the 
team members are not task dependent, the probability is highest that they 
share knowledge monthly or less than monthly/never, even when co-
located. The effect of expertise overlap on the frequency of knowledge 
sharing is shown in the fourth profile. Certainly when compared to profile 
three, which represents the same situation where team members are co-
located, are not task dependent, and not involved in multiple projects. 
Where in profile three the team members have an average overlap in 
expertise, in profile four they have an above average overlap. Comparing 
the two situations, we found that when the team members have an above 
average overlap in expertise, the probability that they share knowledge 
weekly increases from 0.27 to 0.37. At the same time, the probability that 
they share knowledge less than monthly or never decreases from 0.26 to 
0.16. The effect of involvement of team members in multiple projects is 
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positive. This is demonstrated in profile five. When comparing profile five to 
profile two, it is illustrated that the probability of the team members sharing 
knowledge daily rises from 0.08 to 0.19. The probability of the team 
members sharing knowledge weekly also increases (from 0.36 to 0.48). At 
the same time, the probability of the team members sharing knowledge 
monthly or less than monthly/never drops. However, when comparing 
profile one and five, we find that the probability of the team members 
sharing knowledge weekly is similar for both situations. 

4.3.3 Comparing the propositions to the empirical findings 

 
The propositions formulated for frequency of knowledge sharing are 
presented in section 2.2.2, and summarized in table 2-3. Table 4-6 presents 
a comparison for the empirical findings and the propositions of Transactive 
Memory theory, Social Exchange theory, and Proximity theory.  

Expertise overlap is positively related to the frequency of knowledge 
sharing. From the three social theories, only the proposition of Proximity 
theory is in line with this result for expertise overlap. Both Transactive 
Memory theory and Social Exchange theory state that when there is an 
overlap in expertise, the team members share knowledge less frequently. 
The reasons Transactive Memory theory and Social Exchange theory both 
provide are that when team members have an overlap they can benefit less 
from each other’s knowledge. Proximity theory, on the other hand, states 
that team members prefer to share knowledge with team members who are 
proximate to them. This implies that when team members have an overlap 
in expertise, this makes them more proximate and therefore more likely to 
share knowledge more frequently. Since this proposition is supported by the 
empirical findings, the explanation Proximity theory offers for the  

 

Comparison of propositions and empirical findings for frequency 

Explanatory variable 
(enablers) 

Social theory 

 Transactive 
Memory 

Social 
Exchange  

Proximity Empirical 
findings 

Expertise overlap X X √ + 

Co-location √ √ √ + 

Involvement in multiple     

projects: one actor 
both actors 

X 
X 

X 
√ 

X 
X 

=/+ 
+ 

Task dependency √ √ √ + 

√ : the proposition of the theory is in line with the empirical findings 
X : the proposition of the theory is not supported by the empirical findings 
-: the findings indicate that the enabler negatively affects frequency 
+: the findings indicate that the enabler positively affects frequency 
Table 4-6: Comparison of the theoretical propositions and the empirical findings for 
frequency 
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relation between expertise overlap and frequency of knowledge sharing is 
most plausible. In other words, team members indeed appear to share 
knowledge more frequently with those team members they perceive to be 
closest in thinking.  

When team members are co-located they are also more likely to 
share knowledge more frequently. Mainly for daily knowledge sharing, co-
location makes a difference. This positive relation is predicted by all three 
theories. Social Exchange theory states that when team members know 
what expertise the others have, they know better what the other has to 
offer and what they can offer the other. Transactive Memory theory states 
that when people are co-located, this enables their directory updating so 
they have a more complete insight into the knowledge other team members 
have. Thus, the arguments of Social Exchange and Transactive Memory 
theory are quite similar as both theories state that when team members are 
co-located they have a better insight into what the other team members 
know and, therefore, they are likely to share knowledge more frequently. 
Proximity theory argues that when the team members are physically 
proximate, they are more likely to meet and share knowledge. For the 
theories all have equal predictive value as regards the effect of co-location 
on the frequency of knowledge sharing. Both the insight into other team 
members’ knowledge and the higher probability of meeting probably explain 
the positive effect co-location has on the frequency of knowledge sharing. 
When a team member realizes he needs input from someone else, he will 
first look if someone in his neighborhood is present whom he can approach 
for the knowledge he needs.  

For the involvement of one team member in multiple projects we 
found almost no effect on the frequency of knowledge sharing. However, for 
the involvement of both team members in multiple projects a surprisingly 
substantial effect is found for the frequency of knowledge sharing. Only the 
proposition of Social Exchange theory is in line with the positive relation 
found for involvement of both on the knowledge sharing frequency. 
Transactive Memory theory and Proximity theory both propose a negative 
effect on frequency of knowledge sharing. Transactive Memory theory 
proposes a negative effect from the notion that involvement in multiple 
projects makes the expertise recognition less accurate and causes the team 
members to have less time for knowledge retrieval and allocation. Proximity 
theory‘s explanation is that involvement in multiple projects makes the 
team members less proximate in the sense that, for example, they are less 
organizationally close and less physically proximate. The empirical findings 
do not support these propositions; therefore, they are not likely to explain 
the effect of involvement in multiple projects on the frequency of knowledge 
sharing. The proposition Social Exchange theory provides, is supported by 
the findings. Social Exchange theory states that when team members are 
involved in projects outside the consortium, this increases their probability 
of finding alternative knowledge sources. When both team members are 
involved in multiple projects this means they have equal positions and a 
balanced relationship. Also, they gain experiences outside the consortium, 
bringing new knowledge to the project. This makes them more likely to 
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share knowledge more frequently. This argument is a suitable explanation 
as it is supported by the empirical findings.  

Task dependency is found to have a very strong positive effect on the 
frequency of knowledge sharing between team members.  The propositions 
of all three social theories are consistent with these positive relations. 
Transactive Memory theory and Social Exchange both state that when there 
is task dependency between team members they need each other’s 
knowledge, resulting in more frequent knowledge sharing. The Proximity 
theory provides a highly complementary explanation. Proximity theory 
simply states that when there is task dependency between team members 
they are organizationally close. This closeness makes them share knowledge 
more frequently. This means that the positive effect of task dependency can 
both be explained by the team members needing each other’s knowledge as 
well as the perceived organizational closeness.  

Overall for the enablers, it seems that different mechanisms 
simultaneously play a role in their effects on how frequent team members 
share knowledge. For expertise overlap it is mainly proximity theory 
providing an explanation. For involvement in multiple projects the 
propositions of Social Exchange theory are most consistent with the 
findings, whereas for co-location and task dependency it is probably a 
combination of different mechanisms that plays a role in affecting the 
frequency of knowledge sharing.  

1.1 Multiplexity 

4.3.4 Description of the model 

 
Multiplexity is defined as the number of knowledge contents shared. Four 
categories of content are defined for knowledge: know-how, know-what, 
know-who, and know-why. Because multiplexity is a ratio variable, a 
‘regular’ multilevel regression model is used for analyzing the effects of the 
enablers on multiplexity. For the dyadic level (level-1), the model is: 
 
Multiplexity=      (8) ruTDINVINVCOEXP +++++++ 0543210 2_1_ ββββββ
 
Where: 
EXP= expertise overlap 
CO= co-location 
INV_1= either i or j is involved in multiple projects 
INV_2= both i and j are involved in multiple projects 
TD= task dependency 
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For the team level, again only a random effect is included in the model: 
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The full model is denoted as: 
Multiplexity=  

ruTDINVINVCOEXP +++++++ 0504030201000 2_1_ γγγγγγ          (9) 

4.3.5 Results 

 
The results for the model for multiplexity are shown in table 4-7. Like the 
previous models for reciprocity and frequency, we start the analyses by 
running a null model. From the null model, the ICC is calculated. The ICC 
for the multiplexity-model indicates that 28 percent of the variance is 
explained by variables at the team level. This means that the variance in 
the number of knowledge contents shared in a dyad mostly (72 percent) 
depends on the characteristics of that dyad.  
 

Results for multiplexity’ 

 Intercept only model Full model 

Fixed part 
predictor: 

Coeff.  Coeff.  

Intercept 2.33** (0.16) 0.90**   (0.26) 

Expertise overlap   0.38**   (0.11) 

Co-location   0.59**   (0.19) 

Involvement_1   0.04**   (0.16) 

Involvement_2   0.80      (0.22) 

Task dependency   1.28**  (0.14) 

Random part:     

e
2σ  2.06  1.32  

0
2
uσ  0.82  0.63  

Deviance 3257  1163  

´ n= 357 (dyads). Unstandardized coefficients are shown (standard errors in 
parentheses). Two-tailed tests are reported.  
*   p<0.05 
** p<0.01 
Table 4-7: The intercept-only model and full model for multiplexity 
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After running the null model, the explanatory variables are included and the 
full model is analyzed. Because an ordinary multilevel model is used, 
deviance is calculated for both the null model and full model. Deviance is 
minus twice the log of the likelihood for models fitted by maximum 
likelihood. Its value indicates how well the model fits the data. The deviance 
of the null model and the full model can be used to compare their fit 
statistically. This test is based on the difference between deviance statistics, 
which has a chi-square distribution with degrees of freedom equal to the 
difference in number of parameters estimated in the models being 
compared. Table 4-7 shows that after adding the five enablers, the deviance 
drops considerably (from 3257 to 1163), so that the chi square is: χ=2094, 
with a degrees of freedom (df) of 6. The p-value is 0.000, implicating that 
the fit of the model for multiplexity is improved statistically significant when 
adding the enablers.  

The intercept shows that when in a dyad the expertise overlap is 
average, the team members are not co-located, not involved in multiple 
projects, nor task dependent. They are expected to share about one type 
(0.9) of knowledge content. The results also show that all of the explanatory 
variables have a positive effect on the number of knowledge-content 
shared. Please note that the effect of the involvement of both team 
members in multiple projects is not statistically significant. Most strongly 
related to the number of knowledge contents shared is task dependency. 
The expected values for each of the five profiles are calculated for 
multiplexity. They are presented in table 4-8. As the table shows, team 
members share 2.56 types of knowledge-content in the average situation 
(profile one). However, when they are not task dependent this drops to 1.49 
types of content shared. The effects of having an expertise overlap are 
illustrated when comparing the third and the fourth profile. When team 
members have an average expertise overlap, they are expected to share 
1.49 types of knowledge content, but if the overlap in expertise is above 
average this increases to 2.17 types. When the team members are not task 
dependent and not involved in multiple projects, but they are co-located, 
the overlap in expertise can make the difference between them sharing one 
or two contents of knowledge. The comparison of profile two and five 
illustrates that being involved in multiple projects has a positive effect on 
the number of knowledge types shared.  

4.3.6 Comparing the propositions to the empirical findings 

 
The propositions formulated for the multiplexity of knowledge sharing are 
presented in section 2.2.3 and summarized in table 2-4. Table 4-9 shows 
the comparison of the propositions derived from the theories with the 
empirical findings.  

Expertise overlap is found to be positively related to the number of 
contents of knowledge shared. The arguments of Transactive Memory 
theory and Social Exchange theory are to a large extent overlapping. Both 
theories state that when team members have an overlap in expertise they 
have less knowledge to offer each other, leading to less thick knowledge 
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sharing. This notion is not supported by the empirical findings. The 
propositions of Proximity theory on the other hand are supported by the 
data. The positive effect of expertise overlap, therefore, is better explained 
by the mechanism Proximity theory proposes. In other words, when team 
members share areas of expertise they have more in common, and this 
makes them more likely to share multiple contents of knowledge.  

A somewhat stronger positive effect on multiplexity is found for co-
location. This implies that the explanation of Social Exchange theory for the 
effect of collocation on the number of knowledge contents shared does not 
seem to hold in the context of instrument consortia. Social Exchange theory 
proposes that when team members are co-located, they are better able to 
identify who has what knowledge and whether there are alternative 
knowledge sources. This makes them spread their knowledge sharing across 
different sources, which makes their knowledge sharing less multiplex. The 
opposite effect is found in the empirical data. Both the propositions from 
Transactive Memory theory and Proximity theory are consistent with the 
findings. Transactive Memory theory states that when team members are 
co-located, their cognitive workload is further divided and their Transactive 
Memory System becomes more efficient in processing knowledge as they  

 

Profiles for multiplexity 

Profiles Multiplexity 

1 expertise overlap: 
co-located:  
multiple projects:  
task dependent: 

avg* 
yes 
no 
yes 

2.56 

2 expertise overlap: 
co-located:  
multiple projects:  
task dependent: 

avg 
no 
no 
yes 

2.18 

3 expertise overlap: 
co-located:  
multiple projects:  
task dependent: 

avg 
yes 
no 
no  

1.49 

4 expertise overlap: 
co-located: 
multiple projects: 
task dependent: 

> avg** 
yes 
no 
no 

2.17 

5 expertise overlap: 
co-located: 
multiple projects: 
task dependent: 

avg 
no 
both 
yes 

2.98 

* avg: avg stands for average. The variable ‘expertise overlap’ is grand mean 
centered, which means that the mean is taken as the average value.  
** > avg = the mean value + two times the standard deviation.  
Table 4-8: The profiles for multiplexity 
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become further specialized. Team members become more dependent on 
each other’s expertise and their knowledge sharing becomes more 
multiplex. Proximity theory states that co-location increases the probability 
of the team members meeting and having more in common. This makes 
them more likely to share multiple contents of knowledge. The arguments of 
Transactive Memory theory and Proximity theory are complementary as 
they do not rule out one another. In the instrument consortia, when team 
members are co-located their expertise recognition and knowledge 
processing is easier than when they have to work together over a distance. 
Moreover, it seems logical that when team members are co-located they 
meet each other during lunch and at other social events, increasing the 
likelihood that they engage in informal conversations. This allows them to 
get to know more about each other’s knowledge than if they had not been 
co-located.  

Involvement in multiple projects is also found to be positively related 
to the multiplexity of knowledge shared. The propositions of Proximity and 
Social Exchange theory are not supported. Proximity theory states that 
being involved in projects outside the consortium causes the team members 
to have less time and opportunities to develop a shared language and 
discover commonalities. Consequently, the team members are less likely to 
share knowledge of multiple contents. Social Exchange theory expects 
involvement in multiple projects to increase the probability of finding 
alternative sources for knowledge. The team members can then decide for 
each situation who is the best source for the knowledge they need and 
spread their knowledge sharing across different people. This would lead to 
less multiplex knowledge sharing. However, instead of the negative relation 
as expected by Proximity theory and Social Exchange theory, we find a 
positive relation. In other words, when one or both team members are  
  

√ : the proposition of the theory is in line with the empirical findings 

Comparison of propositions and empirical findings for multiplexity 

Explanatory variable 
(enablers) 

Social theory 

 Transactive 
Memory 

Social 
Exchange  

Proximity Empirical 
findings 

Expertise overlap X X √ + 

Co-location √ X √ + 

Involvement in multiple     

projects: one actor 
both actors 

√ 
√ 

X 
X 

X 
X 

+ 
+ 

Task dependency √ √ √ + 

X : the proposition of the theory is not supported by the empirical findings 
-: the findings indicate that the enabler negatively affects multiplexity 
+: the findings indicate that the enabler positively affects multiplexity 
Table 4-9: Comparison of the theoretical propositions and the empirical findings for 
multiplexity 
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involved in multiple projects, they tend to share multiple contents of 
knowledge. This positive effect is in line with the proposition of Transactive 
Memory theory. Transactive Memory theory describes a twofold effect of 
involvement in multiple projects. On the one hand, involvement in multiple 
projects could lead to less multiplex knowledge sharing because it becomes 
more difficult for the team members to find the right people for knowledge 
allocation and retrieval. This argument is not supported. On the other hand, 
Transactive Memory theory states that involvement in multiple projects 
could lead to more multiplex knowledge sharing because team members 
who are involved in multiple projects gain new expertise outside the 
consortium. They bring in new expertise gained outside of the consortium 
and are, therefore, more likely to share multiple contents of knowledge with 
others.  

Like in the models for reciprocity and frequency, task dependency is 
the main explanatory variable for the number of knowledge contents shared 
between team members. All three theories propose this positive effect of 
task dependency on multiplexity of knowledge sharing. The explanations 
provided by Transactive Memory theory and Social Exchange theory for the 
positive effect of task dependency are quite overlapping. Both theories 
explain that when two team members are task dependent, they need each 
other’s knowledge for conducting their tasks. This means they have more 
knowledge to share, making their knowledge sharing more multiplex. The 
explanation of Proximity theory is complementary to that of Transactive 
Memory theory and Social Exchange theory. The argument of Proximity 
theory is that when team members are task dependent, they are 
organizationally proximate. They have this relation in common and, 
therefore, are more likely to share multiple knowledge contents. The 
propositions of all three theories are in line with the empirical results. This 
means that team members who are task dependent share multiple types of 
knowledge, because they need each other’s knowledge and have more 
commonalities than team members who are not task dependent. 

4.3.7 Summary of the findings 

 
The first part of this chapter described the empirical results for the effects of 
the enablers on knowledge sharing within teams. Task dependency was 
found to be the strongest enabler for all knowledge sharing characteristics. 
By creating task dependencies between team members, the probability of 
them sharing knowledge, sharing knowledge more frequently and sharing 
multiple types of knowledge are increased.  

The probability that team members share knowledge (mutually) is 
also increased when team members have an overlap in expertise and when 
they are co-located. The involvement of team members in other teams is 
found not to have a real impact on the direction of knowledge sharing 
between team members. As mentioned, task dependencies are most 
facilitating for the frequency of knowledge sharing between team members.  
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Comparison propositions to empirical findings at the intra-team level 

Social 
theory: 

Explained 
characteristic: 

 Expertise 
overlap 

Co-
location 

Involvement  
in mult. proj. 

Task 
dependency 

Transactive 
Memory 

Reciprocity M 
A 
N 

X 
√ 
X 

√ 
X 
X 

X 
X 
X 

X 
X 
X 

√ 
√ 
√ 

 Frequency  X √ X X √ 

 Multiplexity  X √ √ √ √ 

Social 
Exchange 

Reciprocity M 
A 
N 

X 
√ 
X 

√ 
X 
X 

√ 
X 
√ 

√ 
√ 
√ 

√ 
X 
√ 

 Frequency  X √ X √ √ 

 Multiplexity  X X X X √ 

Proximity Reciprocity M 
A 
N 

√ 
√ 
√ 

√ 
√ 
√ 

√ 
X 
√ 

X 
X 
X 

√ 
√ 
√ 

 Frequency  √ √ X X √ 

 Multiplexity  √ √ X X √ 

√ : the proposition of the theory is in line with the empirical findings 
X : the proposition of the theory is not supported by the empirical findings 
Table 4-10: Overview of the theoretical propositions compared to the empirical 
findings 

A second enabler we found to increase the probability team members share 
knowledge more often was co-location. For the involvement in projects 
outside the consortium, the findings indicate that when two team members 
are both involved in multiple projects, the frequency of their knowledge 
sharing is also likely to be higher than when they are involved in this one 
project. Finally, having expertise overlap is found to be facilitating the 
frequency of knowledge sharing between two team members, although this 
enabler was found to have the smallest effect compared to the other 
enablers. 

For multiplexity, task dependency is the strongest enabler. Co-
location and expertise overlap also stimulate team members to share 
knowledge of multiple content types. The involvement of team members in 
multiple projects barely has an effect on the number of content types 
shared between team members.  

4.4 Explanatory strength of the theories 
 

The empirical study aimed to explore the effects of the enablers on the 
knowledge sharing characteristics, of which the results are described above. 
The second intention was to explore which mechanisms in the theories best 
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explain the effects of the enablers on the knowledge sharing characteristics 
by adopting a multi-theory perspective in which (competitive) theories are 
compared. This is the focus of this section. In this section Transactive 
Memory theory, Social Exchange theory, and Proximity theory are compared 
as to which theory best explains the effects found in the empirical study. 

Table 4-10 shows which of the propositions of the three theories are 
supported by our empirical study of knowledge sharing between team 
members and which are not. For example, the table shows that the 
propositions of Transactive Memory theory for the effect of expertise 
overlap on reciprocity are not supported for mutual knowledge sharing and 
null ties. However they are supported for asymmetrical knowledge sharing. 
By comparing the theories vertically, in the columns of table 4-10, insight is 
gained into which theory explains the role of the specific enabler well and 
which does not. This comparison is made in section 4.5.1. By comparing the 
theories horizontally in the rows of table 4-10, an evaluation is made of 
knowledge sharing characteristics and how well a theory overall explains 
knowledge sharing in the instrument consortia. This comparison is made in 
section 4.5.2. This section discusses for each of the knowledge sharing 
characteristics which of the theories best explains the effects.  

4.4.1 Explanatory strength of the theories for the effects of the 
enablers  

 
Expertise overlap 
Proximity theory proposes the effect of expertise overlap on knowledge 
sharing the best by far. Transactive Memory theory and Social Exchange 
theory each have only one proposition supported by the empirical data. The 
question is why Social Exchange theory and Transactive Memory theory deal 
so poorly with the effects of expertise overlap. In the dataset, 51 percent of 
the dyads show no overlap in expertise, 43 percent one area of expertise 
and only six percent more than one area of expertise. This means that the 
size of the overlap is irrelevant – what matters is whether the overlap is 
present or not. When there is an overlap in expertise, team members are 
more likely to share knowledge, share it more frequently and share multiple 
types of knowledge, than when there is no overlap. An explanation may be 
that team members work on tasks that require highly specialized 
knowledge. If they come across issues they cannot solve individually, they 
need the specialized knowledge from others who are specialists in their 
same area of expertise. This means that for conducting their tasks team 
members often need knowledge of (approximately) their own area of 
expertise.  

Transactive Memory theory and Social Exchange theory both 
emphasize that to make knowledge sharing perceived as being useful, there 
has to be a discrepancy in knowledge. This argument appears to be not 
supported. However, we do not want to completely rule out the mechanisms 
of Transactive Memory theory and Social Exchange theory. Why would team 
members turn to colleagues who have the same knowledge as they have? 
Perhaps the differences in knowledge are much more subtle and at a lower 
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level. In these instrument consortia each team is selected for the task based 
on his expertise. When a team member needs knowledge for executing his 
task, it is likely that he approaches someone within the same area of 
expertise. He may assume that only people in this area of expertise can 
help find a solution, which may very well be the case. Although this person 
has knowledge in the same area of expertise, he might have different 
experience or specific knowledge in this area. Therefore, they can reach 
synergy by discussing the problem together. So the differences in 
knowledge can also be within areas of expertise, for example, on specific 
subjects or in seniority. Between the areas of expertise (as we measured 
expertise overlap), the differences are perceived as quite large. This makes 
team members look for others who find themselves in similar area(s) of 
expertise. Within the areas of expertise, where the differences are relatively 
smaller, the mechanisms of Social Exchange and Transactive Memory are 
likely to play a role. 

 
Co-location 
As regards co-location, the Proximity theory has the most accurate 
propositions. Social Exchange theory and Transactive Memory theory only 
support some propositions. This seems logical as the Proximity theory is 
based on research relating physical proximity to more frequent 
communication. Apparently, this mechanism also shapes knowledge sharing 
within teams of the instrument consortia. Not only are the team members 
likely to share knowledge more frequently, they are also more likely to 
share knowledge mutually and on multiple contents. Transactive Memory 
generally agrees with this as it states that physical proximity facilitates all 
three processes found in Transactive Memory systems. Social Exchange 
theory very poorly explains the effects of co-location, which may be 
explained by the market mechanism that is central to Social Exchange 
theory. This market mechanism centres on the notion that the discrepancy 
in knowledge between the team members is particularly important. When 
team members are co-located, they have more knowledge in common as 
they share project specific experience. They are also better able to identify 
alternative knowledge sources. However, for the team members in the 
instrument consortia who are already quite diverse in their expertise (see 
the previous section on expertise overlap), this project specific expertise is 
likely to be important for it creates a basis for sharing knowledge.  

 
Involvement in multiple projects 
Social Exchange theory best explains the effects involvement in multiple 
projects has on the three knowledge sharing characteristics. Transactive 
Memory theory on the other hand only poorly explains the effect of 
involvement in multiple projects on knowledge sharing within teams.  

Social Exchange theory and Proximity theory explain the effects for 
the involvement of one team member in multiple projects equally well. 
However, for the involvement of both team members in multiple projects 
the propositions of Social Exchange theory are almost completely 
supported, whereas for Proximity none of the propositions is affirmed. Both 
team members being involved in projects outside the consortium is a 
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situation where the closeness of both varies with the time they spend on the 
other project. When working in multiple projects, it is likely that they are 
not proximate in terms of physical closeness, but at these times they are 
probably also not task dependent, and find themselves in a different social 
setting. Conversely, at times they do work for the consortium, their 
closeness is high. In the data we found that in 74 percent of the dyads 
where both team members are involved in multiple projects there is co-
location, and in 65 percent of these dyads there is task dependency. These 
are two forms of proximity, which are the same for dyads where none or 
one of the team members is involved in multiple projects. In this varying 
situation, Proximity theory does not explain the effects well. It focuses on 
the issue that when working on the other project they are less proximate, 
whereas the high proximity when working for the consortium probably has 
more impact. As the Social Exchange theory explained the involvement of 
both in multiple projects very well, it is plausible that the number of 
alternative knowledge sources plays a role in knowledge sharing in these 
dyads. When team members are involved in multiple projects, the 
probability that they have alternative sources of knowledge at their disposal 
is higher than when they work in the one consortium. When one of the team 
members is involved in multiple projects, the relationship becomes 
unbalanced in the sense that this team member has more alternative 
sources for knowledge than the other. Social Exchange theory states team 
members prefer balanced relations, and therefore expects a negative effect 
on the reciprocity and frequency of knowledge sharing. The empirical 
findings indeed show this negative effect on reciprocity, but not on how 
frequent the team members share knowledge.  When both team members 
are involved in multiple projects, their probability of finding alternative 
knowledge sources is similar. Following Social Exchange theory, this leads to 
more mutual and more frequent knowledge sharing. This expectation is in 
line with the empirical findings. However, the propositions of Social 
Exchange theory for the effect of involvement in multiple projects on the 
multiplexity of knowledge sharing do not hold. For the effect of involvement 
in multiple projects on multiplexity, it is only the propositions of Transactive 
Memory theory that are in line with the empirical findings.  

The propositions of Transactive Memory theory for the effects of 
involvement in multiple projects are two-fold. On the one hand, by being 
involved in multiple projects, team members acquire new knowledge which 
they bring to the consortium. This is in line with the empirical findings in 
that the number of knowledge contents shared between team members 
increases when one or both team members are involved in multiple 
projects. On the other hand, Transactive Memory theory’s states that when 
team members are involved in multiple projects, they have less accurate 
expertise recognition and they have less time for knowledge allocation and 
knowledge retrieval. This argument is not supported by the empirical 
findings. Apparently, even when involved in multiple projects, the time the 
team members spend together in the consortium is likely to be sufficient to 
get a good idea about each other’s knowledge.  
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Task dependency 
Almost all propositions for the effects of task dependency on knowledge 
sharing characteristics are supported by the empirical findings. This 
indicates that all three theories are valuable for predicting the effect of task 
dependency on knowledge sharing within teams in instrument consortia. 
Even though all three theories propose different theoretical mechanisms, 
they predict the same effects of task dependency. The explanation may be 
that the mechanisms the theories propose for the effects of task 
dependency are highly complementary. Transactive Memory theory states 
that task dependencies lead to cognitive dependencies, which stimulate the 
development of Transactive Memory systems where people need each 
other’s knowledge and therefore share knowledge mutually, frequently, and 
on multiple content types. Following Social Exchange theory task 
dependency also leads to team members needing each other’s knowledge, 
but with an emphasis on the value each team member’s knowledge has for 
the other team members. The view of Proximity theory is complementary as 
the Proximity theory states that task dependency is a form of organizational 
closeness; when two team members are task dependent, they are more 
proximate which makes them more likely to share knowledge 
asymmetrically, mutually, more frequently and on multiple contents. Thus, 
even though the Transactive Memory theory, Social Exchange theory, and 
Proximity theory emphasize different aspects, their basic ideas and ensuring 
propositions about the effect of task dependency on knowledge sharing are 
very similar.  
 
We can conclude that the effects of expertise overlap and co-location are 
most correctly proposed by Proximity theory. It is likely that mainly the 
mechanisms of closeness underlie these effects rather than mechanisms of 
discrepancy in knowledge as proposed by Transactive Memory theory and 
Social Exchange theory. The effect of involvement in multiple projects is 
best explained by Social Exchange theory; the availability of alternative 
knowledge sources seems to shape knowledge sharing when one or both 
team members are involved in projects outside the consortium. For task 
dependency we found that Transactive Memory theory, Social Exchange 
theory and Proximity theory all explain its effects on knowledge sharing 
within teams. Here multiple mechanisms, which are to some extent 
complementary and to some extent overlapping, play a role in shaping the 
effect of task dependency on knowledge sharing within teams.   

4.4.2 Explanatory strength of the theories for the knowledge 
sharing characteristics 

 
Reciprocity 
Comparing the three theories on the extent to which they successfully 
explain reciprocity, we found that for Transactive Memory few propositions 
are supported. Social Exchange theory explains reciprocity somewhat 
better, however Proximity theory by far best explains reciprocity. 
Apparently, closeness is a mechanism that strongly shapes the direction of 
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knowledge sharing between team members. Transactive Memory theory 
centres on the notion that individuals in a team each have different 
specializations and by sharing knowledge they all have access to the 
specialist knowledge present within the team. This implies that team 
members approach others who they perceive to have different expertise. 
Social Exchange theory is based on a similar notion. Social Exchange theory 
states that individuals prefer knowledge sharing with others who have 
different knowledge to offer and to whom they can offer knowledge in 
return. Transactive Memory theory and Social Exchange theory therefore 
have overlapping assumptions on the direction of knowledge sharing. 
However, the findings indicate that the mechanism of closeness as proposed 
by Proximity theory are more likely to shape the direction of knowledge 
sharing between team members in the instrument consortia. It seems that 
when team members are confronted with a problem, they do not approach 
team members with different expertise from them and do not engage in 
mutual knowledge sharing as expected. Instead they approach team 
members who are physically, organizationally, and cognitively close. An 
explanation may be that team members in these highly multidisciplinary 
projects find it easier to share knowledge with team members who think like 
them and who are easily accessible to (i.e. are physically close).  
 
Frequency 
For frequency the empirical results indicate that all three theories to some 
extent explain how frequently team members share knowledge with each 
other. Of the five effects proposed by each theory, two were supported for 
Transactive Memory and three for Social Exchange theory and Proximity 
theory. Even though the three social theories incorporate different 
mechanisms, they propose similar effects for some of the effects of the 
enablers on frequency of knowledge sharing. The explanations provided by 
Transactive Memory theory and Social Exchange theory are clearly 
overlapping.  Both theories for instance argue that when team members are 
co-located they have better insight into each other’s knowledge and 
therefore they have better insight into the knowledge they can offer each 
other. When the team members perceive a need for knowledge this means 
they can better identify whom to approach for knowledge sharing. Proximity 
theory proposes a complementary mechanism. Team members who are co-
located have more opportunities to have (spontaneous or planned) 
interaction: co-location increases the likelihood team members share 
knowledge. The notion of Proximity theory is very compatible with the 
notion of Transactive Memory theory and Social Exchange theory; it is 
plausible that when people are co-located they meet in the hallways, during 
coffee-breaks and during lunch, et cetera. Thereby they have a higher 
probability of interacting. Aside from this interaction, the probability of the 
team members sharing knowledge is also increased because they learn 
about each other’s expertise. 

For the involvement of one team member in multiple projects, 
Transactive Memory theory, Social Exchange theory ans Proximity theory 
have similar propositions for the frequency of knowledge sharing. The 
theories provide different but complementary explanations. Transactive 
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Memory theory suggests that the involvement of one team member in 
multiple projects is negative for frequency. Transactive Memory theory 
states that when a team member is not working fulltime on the project, it 
becomes more difficult for him/her to identify the expertise the other team 
members in the consortium have. This complicates knowledge allocation and 
retrieval. Social Exchange theory focuses on the alternative sources for 
knowledge, which are higher for the team member who is involved in 
multiple projects than for the team member solely involved in the 
consortium. As a consequence the positions of the team members are 
unequal, making knowledge sharing less attractive. Additionally, the team 
member with alternative sources is able to spread his knowledge sharing 
over a number of sources. Thereby the frequency of knowledge sharing 
decreases. Proximity theory proposes a negative effect for involvement in 
multiple projects of one team member because the team members are less 
close in terms of physical location and share less project specific experience. 
However, none of the three theories propositions are supported by the 
empirical data as the results show a small positive effect instead of a 
negative effect. The propositions of Transactive Memory theory and 
Proximity theory for the involvement of both team members in multiple 
projects are similar to the propositions for the involvement of one team 
member in multiple projects.  These propositions are not supported by the 
empirical findings as well. Social Exchange theory does propose a positive 
effect of the involvement of both team members on the frequency of their 
knowledge sharing. The explanation Social Exchange theory provides for 
this positive effect is that when both team members are involved in multiple 
projects, they both have equal positions in terms of alternative sources for 
knowledge. As team members prefer equal relationships, this makes them 
likely to share knowledge more frequently with each other.  

 
Multiplexity 
As table 4-10 shows, Social Exchange theory does not explain the 
multiplexity of knowledge sharing between team members very well. 
Proximity theory explains the effects better, only it does not completely 
capture the effects of involvement in multiple projects. Situations where 
team members are involved in multiple projects are in particular situations 
where the closeness of team members is very low. Transactive Memory 
theory seems to provide the best explanation for the knowledge contents 
shared between team members. Even though Social Exchange theory and 
Transactive Memory theory propose overlapping mechanisms, the theories 
are quite different in explaining the contents of knowledge shared. Social 
Exchange theory argues that people prefer to have alternative sources for 
knowledge so they are less dependent on one source so they are able to 
spread their knowledge sharing over a number of sources. This would imply 
that in these situations knowledge sharing is focused and that the 
multiplexity of the knowledge sharing relations is low. The empirical findigs 
do not support this line of reasoning. Opposite to Social Exchange theory, 
Transactive Memory theory states that in an optimal situation team 
members share multiple content types of knowledge with each other. The 
optimal situation Transactive Memory theory describes is where expertise is 
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differentiated among the team members. Each team member is expert in a 
certain area on all types of knowledge (know-why, know-how, know-who, 
and know-what). When a team member needs knowledge he will approach 
the appropriate expert and share knowledge of multiple content types within 
this area of expertise. The empirical findings support this mechanism. 
Besides the mechanism of Transactive Memory that shapes the multiplexity 
of knowledge sharing between team members, the mechanism of Proximity 
theory also seems to play a role.  

4.4.3 Summary and the search for new theory  

 
In the previous we concluded that Proximity theory best explains the effects 
of expertise overlap and co-location on knowledge sharing in instrument 
consortia. The effects of involvement in multiple projects are best explained 
by Social Exchange theory. For task dependency, the effects are predicted 
by all three social theories. Figure 4-1A sets out a graphical illustration of 
which theories best explain the effects of the enablers. Figure 4-1A shows 
that expertise overlap and co-location are best explained by Proximity 
theory, and that the effect of task dependency on knowledge sharing is 
explained by both Proximity theory, Social Exchange theory, and 
Transactive Memory theory. 

The finding that Proximity theory best explains the effects of expertise 
overlap and co-location seems logical. Proximity theory assumes that 
individuals who are physically or cognitively close are attracted to each 
other. Proximity theory is based on research conforming this assumption. In 
our study these effects of closeness are likewise confirmed for the context 
of instrument consortia. 

More surprisingly we found that not Proximity theory but Social 
Exchange theory best explains the effect of team members being involved in 
multiple projects. The involvement of team members in projects outside the 
consortium is a situation in which the basic closeness of persons is very low 
or varies. It seems that in these situations Proximity theory explains 
knowledge sharing poorly. Social Exchange theory differs from the other two 
theories in that it emphasizes the positions of the team members towards 
each other. One of the main assumptions Social Exchange theory makes is 
that individuals prefer balanced situations where they have equal positions. 
Being involved in projects outside the consortium is in particular a situation 
were positions of team members shift. In that sense it is not surprising that 
Social Exchange theory best explains the effects of involvement in multiple 
projects on the way people in the consortia share knowledge.   

To summarize, we conclude that Proximity theory mainly explains 
effects very well in situations where the basic closeness between team 
members is relatively high.  

 
The effects of task dependency on knowledge sharing characteristics 
between team members in the consortia are explained by all three theories. 
The three theories each comprise different mechanisms, but propose similar 
effects. It is possible that multiple mechanisms underlie the strong enabling 
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effect of task dependency of knowledge sharing between team members. 
Another possibility is, for instance, that only the mechanism of Social 
Exchange theory makes team members who are task dependent share 
knowledge more reciprocally, more often and on multiple content types. In 
that case it may be plausible that Transactive Memory theory also explains 
the effects of task dependency because the mechanisms of these two 
theories are to a high extent overlapping for task dependency. It could be a 
coincidence that Proximity theory’s propositions are supported as Proximity 
theory offers a different explanation only the predicted effect is the similar 
to that of Transactive Memory theory and Social Exchange theory. We have 
to conclude that our empirical study at the intra-team level is not suitable 
for answering this question. 

A relevant question is: was the choice of theories the best choice to 
be made for explaining the effects of the enablers on knowledge sharing 
between team members? Looking at figure 4-1 we have reservations about 
this, because the effects of the enablers can almost be fully explained by  
including Social Exchange theory and Proximity theory. Transactive Memory 
theory could have been excluded at least for explaining the effects of the 
enablers. We did not expect this as Transactive Memory theory is pre-
eminently a theory that explains knowledge sharing in situations where 
individuals are experts in different areas of expertise. On the other hand, a 
condition for the mechanisms of Transactive Memory theory to work is that 
the individuals have accurate knowledge about what others know. The 
insufficiency of this knowledge can be a reason for the small role the 
mechanisms of Transactive Memory theory play in the instrument consortia.  

We also compared the theories on their affirmed propositions for the 
knowledge sharing characteristics. Figure 4-1b illustrates the theoretical 
findings from this perspective. This comparison shows that Proximity theory 
best explains the reciprocity of knowledge sharing within teams in 
instrument consortia. This indicates that team members mainly approach 
each other on the basis of who is most proximate to them. On forehand we 
expected Social Exchange theory to be best predicting reciprocity, because 
one of the premises of Social Exchange theory is that people exchange 
resources based on their expectation to get resources in return. This is in 
fact the central notion of reciprocity (Blau, 1964a). Because Proximity 
theory best explains reciprocity of knowledge sharing, a plausible 
explanation is that there is mutual knowledge sharing because the team 
members are co-located. Asymmetrical knowledge sharing could indicate 
that if one team member really needs specialist knowledge he approaches 
the team members he knows to have it. This means that when a team 
member needs specialist knowledge he will not approach the team member 
who is closest. Instead he approaches the team member who has that 
specific knowledge. For less critical knowledge, it is easier to share 
knowledge with team members who he meets on a daily basis.  

We found the frequency of knowledge sharing within teams is best 
explained by Social Exchange theory and Proximity theory. A combination of 
exchange mechanisms and closeness mechanisms explains how often team 
members share knowledge. This supports the explanation we suggested for 
the explanatory strengths of the theories for reciprocity. We expected that it  
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Figure 4-1: Explanatory value of the theories  
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is a combination of mechanisms that predicts the frequency of knowledge 
shared between team members. It is not plausible that team members only 
share knowledge very frequently with others who for example are close. Or 
that team members only share knowledge frequently with others in equal 
positions. For critical problems or specialistic knowledge a team member is 
likely to share knowledge with the team member who has the most 
appropriate knowledge that he does not have and not just with the team 
members who are proximate.  

For multiplexity, we found that Proximity theory and Transactive 
Memory theory have the most supported propositions. This implies that the 
multiplexity of knowledge shared between team members is mainly shaped 
by mechanisms of closeness and by the perceptions they have about each 
other’s knowledge. On the one hand, it is striking that multiplexity is best 
predicted by Transactive Memory theory since in explaining the effects of 
the enablers on knowledge sharing not many of Transactive Memory 
theory’s propositions are supported. On the other hand, it is to be expected 
as Transactive Memory theory is particularly a theory that focuses on the 
content of knowledge shared. Transactive Memory theory evolves around 
the notion that each individual is expert in a specific area. It stresses that a 
team member (in a transactive memory system) approach a team member  
in the transactive memory system who they think has expertise they need. 
The expert has to explain more to the team member who is not expert, than 
he would need to explain experts in his own areas of expertise. In 
knowledge sharing within a transactive memory system the team members 
are likely to share knowledge of at least two types of knowledge, because 
they are explaining something to persons who are not experts on the 
subject. If only Proximity theory had been included for explaining the 
multiplexity of knowledge sharing between team members, most of the 
effects would have been predicted except for the effects of involvement in 
multiple projects. The propositions of Transactive Memory theory for 
multiplexity were also almost all supported by the data except for the effect 
of expertise overlap. Using Transactive Memory theory has added value as it 
explains the effects of involvement in multiple projects on the multiplexity 
of knowledge sharing between team members whereas the other theories 
are not able to explain these effects.  

To summarize, in explaining the effects of the enablers Transactive 
Memory theory could have been left out. In explaining  knowledge sharing 
characteristics Transactive Memory theory should be included as the 
empirical findings indicate that Transactive Memory theory has added value 
in explaining the multiplexity of knowledge shared between team members.  

 
For further theoretical development the question is whether it is possible to 
form one unifying theory that explains knowledge sharing in instrument 
consortia. Because there is a quite clear dividing line between the theories 
in their abilities to explain the knowledge sharing characteristics, this can be 
used as a starting point for a new theory. A combination of Proximity theory 
and Social Exchange theory best explains the reciprocity and frequency of 
knowledge sharing in dyads of team members. A combination of Proximity 
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and Transactive Memory theory best explains the multiplexity of knowledge 
sharing between team members.  

A condition for unifying the theories in a new theory is that their 
foundations are not in conflict. In selecting the theories for our study a 
number of criteria were used. The theories have these criteria in common; 
they can be applied at the dyadic level, both within as well as between 
teams, their focus is on (existing) relations, and they have a static view on 
the relations. As to the basic mechanisms of the theories, their arguments 
are sometimes contradicting. The theories mainly contradict in their 
propositions covering the effects of expertise overlap and co-location. 
Proximity theory’s propositions on these effects were affirmed, whereas we 
found almost no support for the propositions of Transactive Memory theory 
and Social Exchange. The findings indicate that under some conditions one 
theory makes better predictions than the other theories. When team 
members are task dependent, all three theories explain knowledge sharing. 
However, when team members are co-located and/or have an overlap in 
expertise - a situation where the team members are highly proximate - 
Proximity theory best explains knowledge sharing between the team 
members. When proximity is particularly low, where one or both team 
members are involved in projects outside the consortium for instance, the 
mechanisms proposed by Social Exchange best explain knowledge sharing. 
Then Proximity theory does not have much explanatory power anymore.  

An initiative to formulate a new theory to explain knowledge sharing 
in instrument consortia would look something like this: when it is critical, 
specialist knowledge that a team member needs he approaches a team 
member who has the required specialist knowledge regardless of how 
proximate this team member is to him. If he needs the knowledge he will 
try to get it from the team member perceived to be most expert. If it is less 
specific knowledge the team member needs, he will acquire this from team 
members who are most close. In situations where the basic proximity is low, 
team members will still make the effort of finding the knowledge they need. 
This mechanism shapes the direction and frequency of knowledge sharing 
between team members. Multiplexity of knowledge sharing is explained by a 
similar mechanism; a team member shares multiple contents of knowledge 
with others who he considers to be expert. Team members are better able 
to identify who has which expertise when they are co-located. However, 
even in situations where overall proximity is low and expertise recognition 
may not be very accurate, they will still turn to team members who they 
perceive to be experts in the areas in which they need knowledge.  
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