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Abstract. In this paper, we investigate and evaluate methods for the characterization of social relations, colle-
gial recognition and work dynamics from the e-mails exchanged between the members of a work community. By
analyzing the e-mail meta-data, message type, communication statistics, and sentiment analysis of the message
body, valuable information and actionable insights can be extracted, that can support formal management.

We propose a new informal popularity index that reflects how broadly and how often is an individual refer-
enced in others’ e-mailing communication (reach and frequency). We evaluate how the ranking induced by the
proposed metric correlates with the rankings obtained from a mandatory quality assurance survey evaluating
different aspects of collegiality.

We suggest methods to promote formal procedures such as promotion and recognition: choosing promotions
that increase the correlation between the formal ranking and the informal rankings that fairly reflect members’
related abilities and motivation; searching for outliers in the e-mail datasets to identify latent contributors to
the welfare of the organization.

Keywords: organizational network analysis · sentiment analysis · text mining · data-driven decision manage-
ment · formal-informal structures

1 Introduction

In recent decades, organizational research has provided more and more supporting evidence for the inseparable
coexistence of the organizational formal and informal structures: whereas each organization has a formal structure
over the course of time, informal structures also develop based on the reality of day-to-day interactions among
members. For example, [17] used the expression of “the company behind the chart” to express this dualism. In
their paper, informal networks were likened to the nervous system of a living organism, whereas the bones represent
the formal organization: “one cannot exist without the other, and no analysis or interpretation is complete without
either”. Accordingly, managers are invited to learn to work with both formal and informal structures [21,25]. Flexible
managers realize that: (1) the effectiveness of the management depends on the degree of alignment between the two
structures; (2) elements of the informal structure can be formalized by adapting the formal structure; (3) as formal
organization need to be “engineered and built”, the informal ones can also be “planted and cultivated” [22].

In spite of all these, in a recent work [20] warned about the missing link between formal organization and
informal social structure. The authors argued that although foundational organization theory recognized the role
of both formal and informal elements, the focus of scholarly attention has moved from one extreme to the other,
and only a few studies deal with these two types of structures in combination. With respect to higher education, [2]
boldly states that the “modern organization theory is built upon the study of colleges and universities”, however
the “faculty behind the chart” phenomenon is scantly researched.

In this paper we analyze linking possibilities between formal and informal organizational structures in academic
settings in order to facilitate data-driven decision management. This is an administrative approach that strives
to take objective decisions and actions that can be backed up with verifiable data. Therefore, it encourages the
collection and analysis of data, in order to obtain actionable insights and support for decisions.

Our research focuses on how the data extracted from members’ informal e-mail communication network (number,
sentiment value and level of politeness of sent/ replied/ forwarded e-mails) can characterize the formal and informal
structures and how it can support formal management. We suggest methods for enhancing formal procedures
(promotion, recognition, delegation) based on members’ e-mailing behavior. We also introduce a new informal
popularity index that approximates the impact of a member based on their reach and frequency as exhibited in the
e-mail communication network (how broadly and how often is the member referenced in others’ e-mailing).
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2 Background

2.1 Formal and informal organizational structures

Formal and informal structures coexists in every organization. Usually hierarchical, the formal structure follows
the layout of a pyramid and can easily be transposed into a so-called formal ranking. Formal elements also include
rules and procedures for coordinating and controlling activities, which enable the organization to meet its stated
objectives. On the other hand, informal structures consist of the interaction network among members, usually
represented by flat graphs. We refer to rankings extracted from such networks as informal ones. The norms, values,
and beliefs that underlie the interactions can also be considered an integral part of the informal structure [20]. In
this paper, we concentrate on how formal procedures such as promotion, recognition and delegation can be enhanced
on the basis of informal elements.

– [15] emphasize the critical role played by promotions in the optimal allocation and utilization of human resources.
Their study, in line with previous results [7], highlights the role that formal promotion systems play on two
specific employee outcomes: perceived opportunity for advancement and fairness of the promotion process. On
the other hand, according to the generally accepted principle that the best predictor of future behavior is past
behavior, perceived fairness depends on how objective past performance is taken into account by the formal
promotion systems [26]. We propose the following question to be analyzed: Will the promotion in question
increase the correlation between the formal ranking and such informal rankings that fairly reflect members’
related abilities and motivation?

– Recognition is a key source of motivation which managers should exploit. An experimental study [10] reported
evidence regarding the positive effects verbal expression of gratitude has on employee performance (exerted
efforts). Additionally, [3] showed that public recognition works best when it is limited to a substantial subset
of high performers. The resulting performance increases were mainly driven by the strong positive responses of
non-recipients. On the other hand, besides job performance (something evident and easily measurable), there are
other, more latent factors that also contribute to the effectiveness of an organization. Since the above-described
principles should be extended to these latent contributors too, we propose a method to identify them. We search
for positive outliers in the e-mail communications database whose absolute deviation around the mean is greater
or equal than 3 [18].

– Delegation (authority and responsibility) is one of the most important and effective management skills. Dele-
gation may improve efficiency and encourage development. Despite the evident positive reasons for delegating,
researchers identified several superior/subordinate-oriented barriers to effective delegation. To avoid/overcome
such barriers [19] states the principles that should be kept in mind in school settings. The study we performed
illustrates how informal communication analysis can provide insight into the strengths and weaknesses of de-
partment level delegation processes.

While formal structures are quite evident from the organizational charts, identifying informal ones is not an easy
task due to the difficulties associated with data gathering. Traditional methodologies rely on information provided
directly by the members through surveys and interviews. Disadvantages of this method are: subjectivity, difficulty
in the interpretation, time costly process, etc. Nowadays, electronic communication systems may provide us with a
huge quantity of objective information on social interaction.

2.2 Mining the organizational e-mail network

Several studies have shown that the social networks analysis [13,27,6] in general and as portrayed by e-mail and
other electronic archives in particular [5,11,9], can provide valuable information on communications patterns, group
work dynamics, organizational consciousness, as well as optimal organization structures and preferable leadership.

While the statistics regarding forwarding/replying behavior of the members is straightforward to extract, the
evaluation and categorization of their content is a more complex task.

Regarding contents, we focused on their sentiment value and the level of politeness these reflect. Authors in [4]
emphasize the role politeness has in conveying an increased level of respect in these forms of interaction.

2.3 Modeling formal and informal structures with graphs

A proper graph model for a formal structure is the arborescence (out-tree), a directed rooted tree. The topological
order of the nodes can easily be converted into a formal rank-list. On the other hand, informal connections are usually
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referred to as networks. In a recent survey [6] the authors summarize the ways a social network can be modeled by
a social graph. In the case of simple graph models, links are represented as binary states (present/absent). However,
real networks display a large heterogeneity in the intensity of the connections. Consequently, some recent research
has modeled social interactions by weighted undirected or directed graphs. To each edge/arc of the graph, a weight
proportional to the intensity of the connections is assigned. Metrics combining weighted and topological observables
provide a better description of the hierarchies and organizational principles.

For modeling organizational e-mailing networks, a proper choice is to use weighted digraphs (G(V,A)): vertices
V represent members, and arcs A e-mail connections among them. Arcs can be (multiple) weighted with: number
of sent/forwarded/replied e-mails, average sentiment values, etc. [6].

3 Materials and Methods

3.1 Participants

We analyzed the formal-informal organizational linking possibilities described above at a Mathematics and Infor-
matics Department (MID) level within an Eastern European University. MID includes N = 10 instructors (3 women
and 7 men) ranging in age from 25 to 75 years old: 2 professors, 3 associate professors, 4 senior lecturers (assistant
professor) and 1 assistant lecturer.

All members of MID are directly subordinate to the head of department. Next superiors are the dean of the
faculty and the rector of the university. As in the case of the majority of universities, department level management
is greatly involved in procedures such as promotion, recognition and delegation. For example, even university/faculty
level promotions/recognitions assume departmental recommendations.

Department level e-mail communication is facilitated by a moderated mailing list (MID-list) that includes all
members of the department (instructors and administrative staff). Hereinafter, we refer to the e-mails sent to the
MID-list as MID-e-mails.

MID members gave consent on the study of their internal e-mail communication network including the sentiment
analysis of the e-mails content.

3.2 Data acquisition and processing

We used the organizational chart of the university to extract the formal structure of MID. The Operational Regu-
lation of MID provided us with further formal organizational information.

The corpus of e-mail messages was obtained from the mail-server of the Faculty. During the 2006-2015 period,
1726 e-mails were sent to the MID-list. Additionally, subjects consented to analysis of their e-mails sent to MID
members (2466 e-mails). While the department is not big, the collected data is voluminous. Successful studies were
reported derived from 399 e-mails collected from 5 persons [11].

We developed two software tools: (1) one to process the e-mail lists and extract the supporting data for our
research; (2) the other for the sentiment analysis of the e-mail contents following the methodology from [14].

Information about the perceived collegiality of members was obtained by the means of a standard survey,
established by the national Agency for Quality Assurance in Higher Education (AQAHE). In the survey, each
member anonymously scored their colleagues on a scale of 1 (worst) to 5 (best) the following qualities: active,
cooperative, altruist, promotes good relations between colleagues, creative, objective, consequent, firm attitude.

3.3 Popularity meassure

Popularity and gregariousness are two of the simplest measures of structural prestige resulting from the in/out-degree
of the corresponding vertex. In a binary network, the in/out-degree of a vertex x is the number of incoming-arcs
(set A–(x)) / outgoing-arcs (set A+(x)) the vertex has (see Fig. 1). To label vertex strength in weighted networks,
degree has generally been extended to the sum of weights [1,24]. Since vertex strength only takes into consideration
a vertex’s total level of involvement in the network and neglects the number of ties, [23] proposed a measure that
combines these two values, weighting between them with the help of a tuning parameter.

Since measures based on in/out-degree values might be perturbed by members’ formal status, we propose a
new informal popularity (ip) measure in e-mail communication networks, that meassures how widely (w) and often
(o) the name of a certain member (represented by vertex x) is mentioned in others’ e-mailing (represented by set
A \ (A−(x) ∪ A+(x))) (see Fig. 1). We combine in this popularity measure the number of corresponding arcs and
their weights as follows:

ip(x) = αw(x) + (1− α)o(x) (1)
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where ip(x) represents the informal popularity value of member x, w(x) denotes the number of colleague couples
that included in their e-mailing the name of member x, o(x) denotes the frequency of e-mails (between colleagues
of x) that include the name of member x, and α is a tuning parameter between 0 and 1.

Fig. 1. Bold arrows of these three complete digraphs represent the sets A–(x), A+(x) and A \ (A−(x) ∪ A+(x))) relative to
the black vertex x.

While popularity and gregariousness (degree centralities in digraphs) can be considered purely local metrics [29],
the newly defined informal popularity takes into account the entire network.

3.4 Formal structure of MID

Subjects are coded by natural numbers ranging from 1 to N. 1 is the head of department.
According to the Operational Regulation of MID department level decision-making forums are: (1) Head of

department (member 1); (2) Departmental Council (members 1,2,3,4; head of department implicitly included); (3)
One member of the Council, can also fulfill the role of deputy head of department (member 2).

From this organigram, a first ranking list can be defined as it follows, depicting with round brackets () the
hierarchical levels: (1); (2); (3,4); (5,6,7,8,9,10).

The formal organizational status of the academic staff also depends on the members’ scientific degree. In MID
there are two professors, members 3 and 5; two associate professors, members 1 and 2; five senior lecturers, members
4, 6, 7, 8, 9; and one assistant lecturer, member 10. We used this as a secondary criterion, depicted with square
brackets [], to order subjects within groups with identical formal rank: ([1]); ([2]); ([3],[4]); ([5],[6,7,8,9],[10]).

Finally, Table 1 shows the resulting rank-list (in the case of ties we attached to the corresponding members, as
rank-value, the mean of their indexes).

ID 1 2 3 4 5 6 7 8 9 10

rank 1 2 3 4 5 7.5 7.5 7.5 7.5 10
Table 1. The formal rank list of MID.

4 Findings and implications

4.1 Collegiality analysis of the formal rank list

In order for a department to be effective, members need to perceive the formal rank list as being well-founded, fair
and justified.

We computed the correlations between the formal ranking of MID-members and rankings based on the average
scores each member received from their colleagues regarding the 8 qualities covered by the AQAHE survey. As can
be observed in Table 2, the highest correlation coefficient values were found in the case of qualities such as: active,
cooperative, promotes good relations between colleagues. It is right to expect that members with managerial roles
excel just in these qualities. On the other hand, the negative correlation coefficient suggests that departmental
management should pay more attention to different aspects of objectivity.
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QUALITIES Spearman’s rank correlation coefficient

active 0.45
cooperative 0.47

altruist 0.12
promotes good relations between colleagues 0.45

creative 0.14
objective -0.44

consequent 0.30
firm attitude 0.21

Table 2. Spearman’s rank correlation coefficient between the formal ranking of MID-members and rankings based on the
average scores each member received from their colleagues regarding listed qualities.

4.2 Communication networks

The e-mail activity of employees automatically generates rich network data regarding their personal connections.
We depict the networks (directed graphs) extracted from the MID members e-mail communication in Fig. 2. Node
sizes are proportional with the incoming traffic while the edge width and color intensity is proportional with the
edge’s weight. Node pairwise, we used different colors for the edges, for easier distinguishability.

a) b) c)
Fig. 2. The MID social network as as portrayed by the e-mails sent / received: a) total no. of e-mails; b) “please” e-mails;
c) “thank you” e-mails.

The graphs reveal that members at the top of the formal ranking receive the most e-mails in general, while in
particular the head and deputy head of the department received the bulk of requests (“please e-mails”). Strong
pairwise connection and collaboration between members also become evident, for example between the head of
department and member 3. Here, member 3 has a supporting role as the outgoing emails dominate.

4.3 Community detection

In order to expand the study beyond individual node analysis and pairwise connections, we also performed com-
munity detection in the network obtained from the e-mail communications.

In the first approach we used the Girvan–Newman algorithm [8], a hierarchical method that detects communities
by progressively removing edges with highest betweenness centrality from the original graph. The end result of is a
dendrogram, which is depicted in Fig. 3 a).

With this method, the network did not break up in several bigger communities; only individuals separated out
one at the time. First, members 7, 5, 6, with mostly incoming traffic were separated, followed by the department
level decision-making forum, members 1-4. Last, were the members at the end of the formal rank list.

We also divided the MID network into two blocks using the Kernighan–Lin bipartition algorithm [16]. Because
the method works with undirected graphs, we replaced the directed edges between pairs of nodes with undirected
ones. The edge weights were set to the average weight values of the directed ones. The obtained partitions are shown
in Fig. 3 b).

The bipartition mostly revealed work sub-communities, with all mathematicians assigned to the same partition,
while the other partition contains purely computer science professionals. This corroborate the expected fact that
the members collaborate professionally using e-mail.
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Fig. 3. Community structures in MID. a) Dendrogram obtained with the Girvan–Newman algorithm; b)

4.4 Informal popularity evaluation

By determining the informal popularity measure (with α=0.5) for all MID members we obtained the sequence
presented in Table 3.

1 2 3 4 5 6 7 8 9 10

ip 40.5 28 20 20 19.5 17 14.5 10.5 10.5 10
Table 3. MID members’ informal popularity measures (listed in decreasing order to preserve the privacy of the members)

The first value is a positive outlier in this dataset as the index absolute deviation around the mean [18] is
3.8695. This suggests that the newly introduced measure has the potential to support management in spotting
those members who are at the center of attention in the department, facilitating recognition.

4.5 Sentiment analysis

The sentiment scores assigned to the e-mail content by the software tool[14] range from -100 to +100, where -
100 indicates a very negative and +100 indicates a very positive tone. We defined intervals [-100,-50] / (-50,+50) /
[+50,+100] as negative/neutral/positive ones. As expected the average sentiment value of the e-mails (predominantly
job oriented) each member sent to their colleague or MID-list had mostly neutral polarity.

We found that e-mails replied to MID-list had significantly (p=0.02) more positive polarity than privately sent
ones. A possible reason could be that members are more straightforward in private e-mails than in public ones [12].
Such global characterization of a work team could represent useful information that formal management should
take into account.

Additionally, we compared the sentiment polarity of the e-mails each member sent/received to/from colleagues.
Interestingly, sent e-mails were significantly more positive than received ones only in the case of the head of depart-
ment (p=0.02). Since positive managerial tone may encourage participation and collaboration [28], it contributes
to effective managerial style.

4.6 Promotion

A fair promotion system contributes to a well-founded formal ranking. The method we suggest can be operationalized
as follows:

– Step-1: rank members according to the number of MID-e-mails they replied to the MID-list;
– Step-2: compute the Spearman’s rank correlation coefficient between the formal rank list and the informal rank

from the previous step;
– Step-3: re-compute the correlation coefficient for all scenarios where a member is promoted in the formal list.
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When departmental recommendation regarding the promotion of a member is going to be established, the
corresponding increase/decrease of the correlation coefficient can be taken into account.

The correlation coefficient resulting from steps 1 and 2 was p=0.74. This significantly positive correlation sup-
ports the hypothesis that replying to the departmental e-mailing list (especial when this was not explicitly required)
indicates high interest in the matters of the department, and suggests equitable formal rank-list from the considered
perspective.

After repeatedly performing step 3 too, the following deltas were obtained (listed in decreasing order to preserve
the privacy of the members): +0.03, 0.00, 0.00, -0.01, -0.02, -0.02, -0.06, -0.06, -0.07. The only member whose
promotion would increase the correlation coefficient (+0.03) is at the second place in the informal popularity rank
list (value 28, see Table 3). Accordingly, it is presumable that other members will support his/her promotion.
Additionally, he/she is the one who sent significantly more (p=0.03) “thank-you e-mails” than he/she received.

4.7 Theoretical implications

We have contributed to social network analysis (and implicitly to network theory) by introducing a new popularity
measure based on the e-mail communication of community members. The study we performed confirmed its value
for putting the spotlight on those members who were outstanding in other respects too.

We have also added to management science with two methods for identifying (based on members’ e-mailing
behavior) potential contributors to the welfare of community. We applied these methods in the contexts of promotion
and recognition: (1) Will the planned promotion increase the correlation between the formal ranking and such
informal rankings that fairly reflect members’ related abilities and motivation? (2) Are values attached to nominees
for recognition positive outliers in the datasets that fairly reflect members’ related abilities and motivation?

4.8 Practical implications

Flexible managers realize that the effectiveness of the management depends on the degree of alignment between
formal and informal structures. In this paper we have proposed methods to investigate/evaluate this alignment: How
well does the formal rank list correlate with rankings (1) based on the scores members received from their colleagues
with regard to qualities that are important from a managerial point of view; (2) that reflect members’ “informal
e-mailing behavior” (not explicitly required replying, forwarding with formal attribute free motivation)? Such an
analysis can also be seen as a kind of diagnosing (from “informal point of view” ) of the formal ranking. Findings
out about members with managerial attributes (head, deputy-head, etc.) would complement this diagnostic.

With respect to individuals we suggest that management take into account only positive findings (our investi-
gation was made in the same spirit) and to adopt them only as additional factors besides the generally accepted
ones.

5 Conclusions

In this paper, we have introduced new formal-informal organizational linking possibilities based on the e-mail
communication of the members. We have suggested methods to promote formal procedures such as promotion and
recognition. We have defined a new popularity measure based on how widely and often the name of the corresponding
member is mentioned in others’ e-mailing.

This study illustrates how these methods can be implemented effectively in department level academic set-
tings. Our findings also reveal ways in which attentive investigation of an organizational formal/informal e-mailing
database can result in gaining insight into the characterizations of the work community that can provide valuable
information for formal management.
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