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‘ALL BONDS DO TIE ME DAY BY DAY’:

CONFIRMED TIES and SOCIAL NETWORK STATUS
ABSTRACT

Network analysts often examine flows of directed relationships between pairs of actors, such as money exchanges or advice-giving, but typically disregard whether these relations are confirmed by both dyad members.  The confirmation of a directed tie requires that, if one actor reports initiating or sending a directed relation to a second actor, the latter must also report receiving that tie.  Symmetrizing directed tie networks may conceal useful information about the relationships conveyed in the separate reports about directed ties made by each dyad member.  To resolve this situation, we conceptualize a typology of directed dyadic ties, state hypotheses about the influence of actors’ social statuses on tie-confirmation, and empirically assess them using an interorganizational relations dataset.  We conclude with a discussion of further work to be done on tie confirmation.  

‘ALL BONDS DO TIE ME DAY BY DAY’: 

CONFIRMED TIES and SOCIAL NETWORK STATUS
Accuse me thus: that I have scanted all

Wherein I should your great deserts repay,

Forgot upon your dearest love to call,

Whereto all bonds do tie me day by day.

—William Shakespeare, Sonnet 117
Network analysts often examine flows of directed relationships between pairs of actors, such as money exchanges or advice-giving, but typically disregard whether these relations are confirmed by both dyad members.  The confirmation of a directed tie requires that, if one actor reports initiating or sending a directed relation to a second actor, the latter must also report receiving that tie.  An identical criterion is necessary to confirm the reciprocal relation, a tie sent from the second actor to the first.  Confirmation demands a higher standard of empirical evidence to reach a conclusion that a particular directed relation exists.  A network analyst could decide either to treat every self-reported tie as wholly accurate, or to impose the more stringent criterion of mutual agreement to deduce the presence of a directed tie.  The alternatives may conceal useful information about the relationships conveyed in the separate reports about directed ties made by each dyad member.  Confirmation methods also obviously have important consequences for measures of actor and network properties, such as density, reachability, centralization, and reciprocity.  
Network tie confirmation has rarely been considered in the social network literature and the topic remains virtually unstudied.  The few previous studies that examined confirmed ties have treated confirmation largely as a measurement issue, paying scant attention to its theoretical implications.  That narrow focus fails to uncover the underlying actor motivations and strategies that affect their reports of ties that they send to, or receive from, other actors.  It also falls short of assessing general theoretical causes and evaluating the potential costs and benefits to actors from either claiming or refusing to acknowledge the existence of connections that differ from others’ perceptions.  We explore these analytic issues, concentrating on their theoretical facets, but also drawing out their methodological implications for network analysts who seek to assess the presence and absence of social relations.  We investigate the conceptual assumptions and the empirical consequences of analysts’ decisions about whether to measure directed communication ties as confirmed or nonconfirmed connections based on network dyads’ self-reports.  In particular, we examine how actors’ status differences affect the social-tie confirmation process in an interorganizational policy information exchange network.  
Prior Analyses
In most prior network treatments of directed ties among individuals or organizations that used self-reported data, network analysts typically have taken for granted the validity and reliability of any tie reported by only one actor in a dyad.  The few substantive network analyses that used confirmed ties provided little discussion or validation for that practice.  For example, Franz Pappi and his colleagues have been particularly persistent in analyzing only confirmed ties in their studies of policy domain communication networks (Pappi, König and Knoke 1995; Pappi and Henning 1999; König 1999).  Their implicit justification is that a communication link appears more likely to exist when each member of a dyad reports both sending and receiving information (i.e., the four separate reports concur).  However, in the absence of any systematic comparison to less rigorous criteria, the procedure’s validity of remains unsubstantiated.  
In an explicit assessment of the accuracy and reliability of self-reported interorganizational data, Calloway, Morrissey and Paulson (1993:381) measured the “the amount of confirmed, mutual acknowledgements of relationships.”  They argued that mutual citation of relations reflects higher reliability in self-reported, “cognitive” network data.  Using reports by informants from mental health and community support service agencies in four cities, they correlated dyadic responses to two questions: (a) “To what extent does your agency receive information for coordination, control, planning, or evaluation purposes from this agency?” and (b) “How well coordinated are the activities of your agency with those of this other agency?”  (The second question is a nondirected relation that doesn’t differentiate the initiators from the responders in the coordination activities.)  When the binarized information-received matrix was correlated with its transpose, thus connecting the recipients to alleged senders, Calloway et al. found Pearson’s r values between 0.336 and 0.587 across the four cities.  The percentage of mutually confirmed relations ranged from 66.9% to 72.3%.  The number of confirmed links covaried with the percentage of strong relations only weakly in two communities and nonsignificantly in the other two.  The researchers concluded that the findings “suggest a relatively high degree of data quality” in interorganizational networks, which is “probably proportional to how carefully [agency representatives] are chosen and how well ‘bounded’ the system of study is specified” (Calloway et al. 1993:395).  
Directed ties based on respondents’ or informants’ self-reports are susceptible to many sources of potential distortions, including subjective perception, cognitive error, imprecise memory, prevarication, and purposeful misrepresentations of actual network relations.  In a theoretical rationale for treating tie confirmation as an explicit variable in research on communication in organizational field networks, Kenis and Knoke (2002:282) stated, “Because organizational communication depends heavily on fallible humans for information exchanges, a possibility arises that those agents will experience frequent sociocognitive failures either to recognize or to acknowledge communication acts.”  They argued that “ties confirmed by both parties will exert more powerful effects than will directed ties reported by only one party” (Kenis and Knoke 2002:282).  If both parties recognize the presence of a directed communication tie, information has a higher probability of spreading through that channel than through an unconfirmed link.  Kenis and Knoke hypothesized that, as the proportion of confirmed communication ties increases in a field net, “the subsequent rate of interorganizational tie formation initially accelerates and then decelerates toward zero” (2002:282).  However, the authors presented no data to substantiate their assertions about the differential effects of confirmed and unconfirmed directed communication ties.  
Tie confirmation must be distinguished from two other fundamental properties applicable to dyadic relations, symmetry and reciprocity.  Carley and Krackhardt (19964) pointed out that confirmation refers to a joint agreement about the existence of a single directed tie, whereas symmetry and reciprocity refer to the cognitive consistency of two directed ties.  To ignore this distinction risks conflating these dyadic relational properties.  For example, Beate Sissenich’s (2002) study of European Union expansion combined three types of directed-tie networks among Polish and Hungarian policy organizations (“we initiate regular contact”, “they initiate,” and “we are members in”) into a single matrix of “reports any tie with.”  She then further symmetrized that matrix of nondirected ties:  
It is thus based on directed ties, but leaves open whether the organization in question is the source or the recipient of contacts of membership affiliations.  In order to increase reliability, I symmetrized this matrix by counting only those ties on whose existence source and target agreed.  Thus, only reciprocal ties are registered.  The resulting matrix (“confirmed ties”) is a conservation estimate of regular contact and affiliations within the network…” (p. 15)
To symmetrize self-reported relations, researchers may specify either that a tie is present if just one dyad member reports it (minimum symmetry), or that the tie occurs only when both parties report it (maximum symmetry, used in the Sissenich example).  Unfortunately, each type of symmetrization creates a matrix whose cell entries disregard the direction of the relations between all dyads (i.e., the corresponding ij and ji cells must both have identical 0 or 1 values), whereas confirmation preserves the directionality from sender to receiver (the corresponding cells may have different values).  Thus, by imposing reciprocity on every dyad, analyst’s decisions to symmetrize destroy the very data structure that could explain the conditions under which actors are more likely to acknowledge other actors’ directed ties.  To resolve this situation, we conceptualize a typology of directed dyadic ties, state hypotheses about the influence of actors’ social statuses on tie-confirmation, and empirically assess them using an interorganizational relations dataset.  We conclude with a discussion of further work to be done on tie confirmation.  
A Typology of Directed Dyadic Ties
Due to the complex nature of directed relations, we must necessarily differentiate several types of dyadic ties.  We define and discuss these types, as well as alternative forms of confirmed and nonconfirmed ties.  A directed tie is defined as a single relationship of a specific content that originates from one actor to a second actor.  That is, the first actor initiates an interaction or exchange, while the second actor receives the relation.  This definition emphasizes the unidirectional nature of a directed tie; hence, it need not be reciprocated from the second to the first actor.  Classic directed tie examples include lending money, giving advice, and transmitting infectious disease.  But, even an apparently nondirected tie can be reconceptualized as a directed tie; for example, a statement that X is a friend of Y need not imply that Y is a friend of X.  In formal notation for a directed relation, the ordered pair <X,Y> indicates that the first actor, X, has (or doesn’t have) a specific relation with the second actor, Y.  The converse ordered pair <Y,X> designates the reciprocal directed relation, if any.  
We next distinguish sent and received forms of directed ties and their combinations in ordered pair <X,Y>.  A sent tie consists of actor X initiating a directed action toward actor Y (a directed tie may be valued or binarized as present or absent).  Conversely, a received tie is comprised of actor X receiving a directed action initiated by actor Y.  We define an asserted tie as a relation in which actor X reports sending relation to actor Y, while a claimed tie is where X reports receiving a relation from actor Y.  In turn, the ordered pair <Y,X> also has both sent and received ties.  A confirmed tie requires the simultaneous occurrence of an asserted tie and a claimed tie in each of the ordered pairs, <X,Y> and <Y,X>.  That is, actor X asserts initiation of a directed tie to actor Y, and Y also acknowledges receiving that directed relation from X.  Among many quotidian examples are newly weds who send thank-you notes for wedding gifts and sports celebrities who reply to their fanmail.  
When confirmed tie conditions are not simultaneously acknowledged by both dyad members, we call them nonconfirmed ties.  In general, a nonconfirmed tie involves the presence of either an asserted tie or a claimed tie, but not of both relations.  In a nonconfirmed claimed tie only a claimed tie occurs.  That is, one actor claims to have received a directed tie from another, but second actor doesn’t assert that it sent a tie.  An archetype is a war veteran who claims he was awarded a combat medal, but the military has no record of making that award.  The second type of nonconfirmed tie is a nonconfirmed asserted tie, in which an actor asserts that he sent a directed relation, but the second actor does not report receiving it.  An example is a person who says that she lent money to a deadbeat, who denies ever borrowing anything.  The final possible combination is a confirmed non-tie: neither dyad member asserts sending a directed tie and neither actor claims to have received a directed tie. 
Status Hypotheses

The process by which different types of confirmed and nonconfirmed ties occur in network data should not be viewed as only a question of the validity and reliability of self-reported relations. They may also be indicators of important social and cognitive processes arising during interactions among network actors.  The probabilities of dyad members asserting, claiming, confirming, or failing to confirm relations potentially varies with each actor’s social and psychological attributes, the pair’s similarities and differences, the substantive content of their relationship, and the global characteristics of the complete network.  In the absence of a fully developed theory that identifies and explains how crucial factors influence the confirmation process, we propose a few research hypotheses about the effects of actors’ social status on types of tie confirmation.  
Our main interest is to understand whether and how an actor’s social status affects its decision to confirm or ignore directed relations with other network actors.  The core explanatory principle is that lower-status actors try to establish connections to higher-status actors, but the latter seek to avoid acknowledging relations with the former.  A large body of experimental research on artificially structured exchange networks indicates that differential actor status and power influences the choice of exchange partners (e.g., Willer 1999; Szmatka, Skvoretz and Berger 2002).  Higher-status actors can afford to be more selective in choosing among alternative lower-status actors, and, thus, in negotiating more profitable rates of exchange.   Similar expectations about differential status advantages may extrapolate to participants in naturally occurring social networks.  For example, in his study of the Finnish social and healthcare policy domain,  Mattilla (1999:3) argued that “actors with low status try to create ties to more powerful actors.”  He found that, although political decision makers showed a strong tendency toward mutual relations, they were prone to listen mostly to information coming from actors sharing their own policy preferences.  For our empirical investigation of how actor status shapes the tie-confirmation, we hypothesize that: 
(H1) High-status actors are more likely to confirm ties with one another, while low-status actors are less likely to confirm ties to one another.

(H2) Low-status actors are more likely to assert and to claim ties with high-status actors, which are not confirmed by the latter.  
Figure 1 schematically represents six possible scenarios, in which actor X always has higher status than actor Y and the magnitude of a tie’s probability is indicated by the solidity and thickness of its arrow.   In Dyad A, high-status X asserts that it sent a directed tie to low-status Y, and Y has a high probability of claiming that it received the tie.  Because both members of this dyad report the directed relation, it is a confirmed tie with a high probability.  The reverse situation is Dyad B, where lower-status Y asserts that it sent a directed tie to X, but high-status X has a lower probability of claiming that it received the directed tie.  Although Dyad B is also a confirmed tie, it has a much lower probability of occurrence than the confirmed tie in Dyad A.  The remaining four scenarios represent various types of nonconfirmed relations, in which one actor reports a directed relation but the second actor does not.  Dyads C and D exhibit situations where one actor reports receiving a tie from another, but the other actor doesn’t report sending that tie.  Dyad C exemplifies a situation where low-status Y is very likely to claim that it received a tie from X, but X does not assert that it sent that that tie to Y.  In the contrasting Dyad D scenario, X has a very low probability of claiming to have received a directed tie from Y, when Y doesn’t assert that it sent that tie.  Similarly, Dyads E and F depict situations where one actor asserts sending a tie, but the second actor doesn’t claim to have received it.  
Figure 2 illustrates how the probability of two actors confirming a tie is expected to change as the magnitude of their status difference increases.  In the first situation, where higher-status X asserts sending a tie to lower-status Y, the probability of Y claiming to have received that tie increases in proportion to their status differential.  That is, ties initiated by high-status actors are more likely to be confirmed when the dyad’s status differential is larger.  In the contrasting situation, where lower-status Y asserts sending a tie to higher-status X, the probability that X claims to have received it falls with growing status differences.  Hence, ties initiated by lower-status actors are less likely to be confirmed where the dyad’s status differential is larger.  
Data and Measures
We analyze the policy information network of the U.S. national labor policy domain.  In 1988, informants from 117 core labor unions, trade associations, professional societies, business associations, federal executive agencies, and Congressional committees provided information about their interorganizational relations (see Knoke, Pappi, Broadbent and Tsujinaka 1996 for project details).  Specifically, each informant was first asked to identify one of nine labor policy subfields in which “your organization needs important policy information that other organizations can give to you.”  Subsequently, they were instructed:  

“Sometimes organizations need information about policy matters that can only be provided by other organizations.  Look again at the list of subfields in the labor policy domain.  In which one of these subfields does your organization need important policy information that other organizations can give to you?  Using List C in the Booklet, please check all the organizations from which you get this type of information.”  
Using the list of organization names again, they were then asked to “please check all the organizations to which you give this type of information,” in either the same or a different labor policy subfield.  We used the responses to these items to construct two 117-by-117 binary matrices of directed relations, respectively “receives policy information” and “sends policy information.”  We then transposed the received-tie matrix and added it to the sent-tie matrix to create a “confirmed policy information” matrix whose entries consist of the four types of dyadic relations (confirmed, asserted, claimed, and no tie).  
We measured organizational status as the number of times that informants chose each organization’s name when instructed to “check those organizations that stand out as especially influential” in the U.S. labor policy domain.  These totals ranged from two for the National Association of Rehabilitation Facilities to 97 for the AFL-CIO (for details about the organizational reputation measure, see Knoke 1999).  For the analyses reported below, we dichotomized this scale, designating the top 20 percent as high-status organizations and the remainder as low-status.  
Results
The 117 organizations in the U.S. national labor policy domain comprise 13,572 ordered dyads in each of the sending and receiving policy information networks.  Both matrices have roughly equivalent densities (ratio of self-reported relations to possible ties): the sending density is 0.24 and the receiving density is 0.26.  When the two networks are combined into a single confirmed policy information network, the overall density rises to 0.39.  However, the large majority of these directed relations are asymmetric: 0.144 are asserted ties that are unacknowledged by the purported recipients; 0.129 are ties claimed by the recipient that the sender does not report; but, only 0.115 of all dyads have ties that are confirmed by both the sending and receiving members of the dyads.  
To determine whether tie-confirmation is related to organizational status, we created a 117-by-117 matrix whose cell entries were coded according to four possible status combinations of the dyad members:  both organizations are high-status; the sender is high-status and the receiver is low-status; the sender is low-status and the receiver is high-status; both organizations are low-status.  We then crosstabulated the cells of this status matrix with the confirmed-tie matrix, displaying the results in Table 1.  

Consistent with H1, equality of social-status is clearly related to differential organizational propensities to confirm or disavow directed ties in the U.S. policy domain information exchange network.  The highest communication density (0.694) occurs when both dyad members are high-status organizations.  The proportion of these dyads with confirmed ties is 0.293, while the proportions with asserted and claimed ties are lower and roughly equal (0.210 and 0.190, respectively).  In sharp contrast, when both dyad members are low-status organizations, the information exchange density is only 0.300, while just 0.087 of these dyads have confirmed ties, less than a third of the level among the mutually high-status dyads.  
The dyads comprised of two unequal-status organizations exhibit intermediate levels of relational densities, but the pattern of confirmed and nonconfirmed ties clearly depends on the status differentials between sending and receiving organizations.  When the sender has higher status, a tie is more likely to be claimed by the low-status organization (0.282) than it is to be confirmed by both of the dyad’s members (0.155).  In contrast, when the sending organization has lower status, that organization is more likely to assert a tie with a high-status organization (0.304) than is the tie to be confirmed by both parties (0.138).  Consistent with H2, these patterns reveal that lower-status organizations are likely to report information-exchange relations that are not confirmed by the alleged higher-status recipients.  
To demonstrate the consequences of analyzing directed tie data without carefully distinguishing among various types of ties, we conducted reciprocity analyses on two versions of the U.S. labor policy domain information exchange network.  The more restrictive matrix includes only the confirmed ties (with the asserted and claimed ties recoded to nonties), while the more inclusive matrix includes all types of ties.  We analyzed the structure of reciprocated choices in each matrix using the p1 program of UCINET (Wasserman and Faust 1994:605-674).  The key model parameter (rho) that estimates the amount of reciprocation, or mutuality of choices, is almost identical: -3.54 for the restrictive matrix, and -3.51 for the inclusive matrix.  However, the estimates of specific organizational expansiveness (α) and popularity (β) parameters differ, in some instances quite dramatically.  Table 2 displays these effects for several of the high-status organizations.  In the analysis based only on confirmed ties (i.e., requiring that all four self-reports agree), the AFL-CIO, three peak business associations (Business Roundtable, Chamber of Commerce of the U.S., and National Association of Manufacturers), and the White House Office have high expansiveness parameters, indicating their roles as policy information providers to many other domain organizations.  The four Congressional labor committees have relatively small expansiveness and popularity parameters, implying that they exchange information with relatively few domain actors.  However, in the analysis that includes the asserted and claimed ties, the parameters yield substantially different interpretations.   The peak labor and business profiles are largely unchanged.  However, the White House is no longer highly expansive, but it exhibits greater popularity.  In other words, it is primarily an information recipient rather than a source.  Most importantly, the four labor committees are all exceptionally popular, revealing them to be the targets of claimed information ties from numerous interest groups that demand attention to their legislative agendas.  Evidently, these four Congressional committees each receive much policy information yet fail to reciprocate, an important asymmetric pattern that was obscured in the analysis that focused solely on confirmed ties.  
Discussion

Our conceptual and empirical analyses demonstrate the importance of preserving distinctions among types of directed ties in social networks based on respondent or informant self-reports.  Claimed and asserted ties convey important evidence about the substantive relations between dyad members that differs from mutually confirmed ties.  Beyond its methodological aspects, investigating the tie-confirmation process could make valuable theoretical contributions to understanding how individual attributes and network conditions influence actors’ decisions to acknowledge relations with others.  We took a modest step in that direction by demonstrating that organizational status affects the structure of directed information exchanges in the U.S. national labor policy domain.  We further showed that substantive conclusions about reciprocity differ markedly, depending on whether a network analyst chooses to require confirmation or allows nonconfirmation among interorganizational relations.  

A full research agenda on tie confirmation issues awaits.  We expect to extend our inquiries into other interorganizational and interpersonal networks, examining a wide range of substantive directed relational contents (e.g., financial transactions, friendship choices, advice, trust).  In addition to applying more refined measures of actor status, we want to test hypotheses about the effects of other variables (e.g., organizations’ sizes and industries; persons’ genders and occupations) on the tie-confirmation process.  We hope to investigate how different types of confirmed ties affect both complete network properties (e.g., centrality, prestige, power) and individual actor outcomes (e.g., organizational profitability and innovation; personal promotions and earnings).  Finally, we seek to develop log-linear models, applicable to dyads across multiple relational networks (i.e., sending and receiving directed ties), that would yield parameter estimates of actors’ propensities toward expansiveness and popularity in the tie-confirmation process.  
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Table 1. Percentage Distributions of Types of Directed Information Ties by Statuses of Organizational Dyads in the U.S. National Labor Policy Domain.
______________________________________________________________________________


__________STATUSES OF SENDERS AND RECEIVERS_____________                      

High Sender/
High Sender/
Low Sender/
Low Sender/
TYPE OF TIE
High Receiver
Low Receiver
High Receiver
Low Receiver
______________________________________________________________________________

Confirmed Tie
29.3
15.5
13.8
8.7

Asserted Tie
21.0
7.9
30.4
11.2
Claimed Tie
19.0
28.2
6.8
10.1
No Tie
30.6
48.4
49.0
70.0
Total
99.9*
100.1*
100.0
100.0
(N)
(552)
(2,232)
(2,232)
(8,556)
Odds Ratio
2.25
3.38
3.26
5.35
______________________________________________________________________________

* Total differs from 100.0% due to rounding

Table 2. Expansiveness (α) and Popularity (β) Parameter Estimates for Selected Organizations in Restrictive and Inclusive Information Exchange Matrices in the U.S. National Labor Policy Domain.
______________________________________________________________________________


RESTRICTIVE
INCLUSIVE


_______MATRIX________
________MATRIX_______

ORGANIZATIONS
α
β
α
β
______________________________________________________________________________

AFL-CIO
1.93
0.05
2.15
0.56
Business Roundtable
1.49
-0.14
1.24
-0.23
Chamber of Commerce
1.75
0.94
0.98
0.71
National Assn of Mfgss
0.91
0.38
1.20
0.23
Dept of Labor
-0.27
0.86
0.35
0.90

White House Office
2.87
-0.63
-0.06
1.04
House Republicans
-0.35
0.82
0.12
1.94
House Democrats
-∞
0.03
0.28
2.49
Senate Republicans
-∞
0.03
-0.32
2.45
Senate Democrats
0.61
0.34
0.85
1.69
______________________________________________________________________________
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