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Abstract— Recent advances in automated analysis of on-line chat
data allow us to draw conclusions about social behavior, such as
leadership, in small groups previously possible only through
manual methods of observation and analysis. We have applied
such methods to comparable English and Chinese language data,
defined a new language use called Tension Focus, and
demonstrate its different effects in the data in these two
languages.
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L. INTRODUCTION

Recent advances in the automated analysis of digital text
are providing increasing opportunities to examine the
behavior, sentiments, ideas and interactions of persons, which
type of examination has previously been possible only through
manual ethnographic methods of observation, surveys, and
annotation. We report here on research which advances the
computational capabilities necessary for understanding
leadership characteristics in multiple cultures, by our transfer
of leadership measures developed on English on-line chat data
to Chinese on-line chat data. We report the development of a
new analytic measure called Tension Focus and illustrate the
power of the new capabilities with some indicative
comparisons of leadership roles in small Chinese and
American discussion groups.

II.  PREVIOUS WORK

Broadwell [1] investigate English on-line chat multi-party
dialogue and provide a method for modeling mid-level
sociolinguistic behaviors, also called Languages Uses (LUs)
such as topic control, task control, involvement and
disagreement. Higher-level social behaviors, like task
leadership or influence, can then be inferred based on the
degree to which individual participants exhibit these mid-level
sociolinguistic behaviors, and in what combinations. A
broadly similar approach to the analysis of multiparty dialogue
is being pursued currently by a number of researchers [2] [3]
[4]. Our work differs from these partly due to our collection of
new data, using social science practice, focused on situations
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with a high density of interactions between many participants,
where we can interview participants to obtain their insights
into their behaviors, as well as on groups where leadership
behaviors can be expected to emerge clearly and with some
frequency. Shaikh [5] describe our data collection methods for
on-line chat dialogues, also summarized below, Section 3.
Additionally, our approach has the ability to process large
extents of dialogue, discovers the behavioral consistency and
inconsistencies across sequences of a large number of
utterances, and combines many pieces of linguistic evidence to
the determination of any particular social behavior [1]. As our
methods for understanding social behaviors progress, we are
testing them on data where we do not control collection and
which are shorter and less dense in interactions.

This developing approach to analysis of on-line dialogue
contrasts with earlier work on English dialogue which
generally ignored the social import of dialogue interactions
and focused instead on either discovering content or on
determining the structural components of the dialogue [6] [7]
[8]. Additionally, we have been working with multiparty
dialogues where participant behaviors and the challenges
posed by the language processing differ considerably from
work on two-party interactions [9]. Another branch of
dialogue investigation has focused on establishing natural
dialogue in machine-human interaction settings [10] for
question answering from databases or similar tasks. These
are, of course, also two party dialogues, with well-defined
goals and a need to automatically understand the behavior of
only one side of the interaction.

Recent natural language processing research for Chinese
text has emphasized problems of word segmentation, POS
tagging, and named entity extraction [11] [12]. Investigation
of Chinese dialogue has emphasized spoken dialogue [13].
Our work differs from these both in the depth of our Chinese
language processing and the data type of on-line chat.

Social science research on leadership in small groups
interacting in English suggest that leadership — defined as the
ability to guide a group to accomplishment of its task or



otherwise influence the group to act in accordance with the
leader’s direction [14] — is accomplished through a number of
key behaviors: high levels of involvement in the discussion,
use of directives, controlling the topics of discussion, and
encouraging and excluding other participant contributions [15]
[16] [17]. Our work on leadership distinguishes leadership
from both influence and authority, either of which may
contribute to leadership but which are not by themselves the
same behavior.

Recent social science investigations of small group
interactions in Chinese groups have focused on the business
environment, and the role of leader as a patriarchal figure [18].
Work has emphasized the importance of maintaining harmony
within the group [19] and the restraint of dissenting voices or
disagreement.

III. DATA COLLECTION

Data collection methods are fully described elsewhere [5]
[20]. To summarize, Chinese data and English data have both
been collected from native speakers of each language
associated with the University and the surrounding
communities. Groups range from 4 — 10 people, were trained
on the software and task, and were assigned a leader.
Discussion sessions were of two types, (a) free-flowing
discussion of a contemporary topic, or (b) for most, discussions
around assigned tasks, such as the selection of the best US city
for a summer Olympics given a set of city profiles, or selection
of the best candidate to fill a position, given a job description
and resumes. Groups were directed to come to a unanimous
decision. Post session surveys asked for participants’
assessments of their own and other’s behaviors with respect to
leadership and influence over the course of the discussions.
Each group session lasted ninety minutes and averaged 520
utterances for English and 1189 utterances for Chinese
dialogues.

The material in this paper is based upon 16.5 hours of
English discussion with a total of 2581 utterances and 10.5
hours of Chinese discussions with a total of 8489 utterances.
The larger number of Chinese utterances, in fewer dialogues, is
the result of greater numbers of participants in each Chinese
discussion group and thus a denser level of activity, for the
same time period.

IV. ENGLISH AND CHINESE LANGUAGE COMPONENTS

It is not within the scope of this paper to describe the
English and Chinese language processing systems in detail.
Both systems are similarly configured, using POS tagging,
pronoun resolution and word sense similarity. A defined set of
dialogue acts and of communication links are tagged
automatically, using components trained on hand-marked data.
On the basis of these features, a set of Language Uses are
discovered. Higher-level social constructs (or behaviors) such
as leadership are determined from this set of LUs using indices
and measures described in [1]. This process of calculating
higher-level constructs is summarized in the next section.

V. LEADERSHIP MEASURES

Indices of four types, which we combine into the LUs
shown in Table 1, are used to determine leadership. These
indices are computed based on the automated tagging of the
data for part-of-speech (POS), co-reference, dialogue acts, and
other lower-level linguistic phenomena [1].

TABLE 1. COMPONENTS OF LEADERSHIP MEASURES

LU Lower Level Indices
Topic Control Local Topic Introduction (LTI); Subsequent
Mentions of Local Topics (SMT); Cite Score
(CSI); Turn Length (TL)
Directive Index (DI); Process Management Index
(PMI)

Noun Phrase Index (NPI); Turn Index (TI); Topic
Chain Index (TCI); All Subsequent Mentions
(ASM); Allotopicality Index (ATP)
Disagree-Reject Index (DRX); Topical
Disagreement Index (TDX)

Task Control

Involve-ment

Disagree-ment

Topic Control, for each participant, is based on the number
of times a person introduces a new local topic (new noun or
concept), how much these topics figure in the following
discussion, and the length of turns taken by the participant.
Task Control is a measure of each participant’s attempts to
manage the group’s process, calculated from the number of
directives given (including questions) and the number of times
the participant addresses specific task procedures, such as
moving the group to a conclusion. Participant Involvement
takes into account her contributions to the content of the
dialogue in terms the substantiveness of her discussion
(substantive noun phrases used) and the numbers of her turns,
as well as further indices capturing the degree to which the
speaker contributes comments to topics the group focuses on,
introduced by herself or others. Finally, Disagreement is based
on the degree to which a speaker disagrees in general, with
everyone, plus a pairwise measure looking at disagreement in
substance between each two participants on specific topics.

These lower level indices are comparative among
participants. We have summarized here only those that
contribute to the measurement of leadership. However, these
and other measures are also used to detect other group
conditions and behaviors, besides leadership. Our
development of these indices has been based on a process of
working backwards from the often general insights of the
social science literature on leadership to define computable
linguistic indicators of the behaviors and group interactions
which this literature examines.

Employing the LUs just described, composite rankings are
computed for each participant to define four leadership
measures: Topic Control Measure (TCM, based primarily on
the Topic Control LU), Involved Topic Control Measure
(ITCM, based on the Topic Control and Involvement LUs),
Skilled Control Measure (SCM, based on Task Control LU)
and Cumulative Disagreement Measure (CDM, based on
Topic or Task Control and Disagreement LUs).



The degree of leadership for each participant (P) is then
computed using these measures as in the model shown in Fig.
L.

Lp=al x TCMp + 02 x ITCMp + 03 x SCMp x 04 “ CDMp

where TCMp, ITCMp, SCMp, and CDMp take the following
values:

1.0 — if the participant ranks first (highest) on the measure

0.5 — if the participant ranks second on this measure and is
closer to rank 1 than to rank 3

0.0 — in all other cases
The weights, al, 02, a3, and 04, are estimated using regression on
manually assessed training data for different types of discourse:

1. In general, for most dialogues:
al>o02; al, a2, a3 > o4
2. In meetings and games with high incidence of
directives:
a3 >al, a2
3. In open discussions, with few directives:
al>a3

Figure 1. Leadership Model.

These four measures allow us to not only determine the
leader but to also distinguish between different types or styles
of leadership, as suggested in the leadership and group
behavior literature [21] [22] [15] [23]. Thus a leader designated
on the basis of a high TCM is a thought leader whose influence
is apparent in the framing and topics of discussion; one
designated on the basis of high ITCM is a leader by virtue of
high engagement as well as influence over the topics of
discussion; one high in SCM is a task leader focused on
managing the group’s interactions and progress toward a goal;
and one high in either Topic Control Measure or Task Control
Measure combined with a high Disagreement LU is considered
an assertive leader.

The leadership measures just described were developed
based on the chat data and tasks overviewed in Section 3 and
described fully in [20]. Table 2 shows a typical calculation of
leadership scores for a chat dialogue. Here EA has the highest
score on leadership qualities, and his leadership approach is
based on Task Control (SCM=0.5) although he is also clearly
an assertive leader, with the highest CDM (0.263) as well.

TABLE II. LEADERSHIP IN A CHAT DIALOGUE

AY 0.084 0.333 0.143 0.117 17%
DE 0.196 0 0.286 0.224 18%
EA 0.251 0.5 0.143 0.263 29%
JN 0.054 0 0.286 0.164 13%
NE 0.401 0 0 0.164 14%
TY 0.013 0.167 0.143 0.067 10%

We have also successfully applied these measures to other
types of group interactions in English where we had available
data. Fig. 2 shows the results of this transfer of the leadership
model to a new type of group, additionally illustrating the

ranking that the leadership measures produce. This group was
playing a variant of Second Life during participation in a
separate project in our lab; their on-line chat was captured as
part of that other experiment.
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Figure 2. Leadership in an On-line Group

The leadership model applied to English discussion groups
has achieved a high level of accuracy in comparison to human
judgments in predicting leadership in multiple kinds of groups.
Independent evaluation of the English system applied to
previously unseen data, which included both on-line chat and
transcripts of lengthy formal meetings, produced an accuracy
of 86%. In this evaluation, assessors were given the data (chat
and meetings), in addition to the definition of leadership, and
instructed to determine the leader. The system accuracy is the
percentage of leadership predictions made by the system that
matched those of the assessors. In our lab evaluations, we use
chat and game participant judgments on a range of survey
questions related to leadership behaviors. A correlation (R* =
43, p< .001) between the automated system performance and
the average rating by participants of their fellow participants’
leadership behaviors further supports the validity of the
automated system performance.

VI. LEADERSHIP IN CHINESE DIALOGUES

Our initial application of these same measures to Chinese
discussion groups did not perform as well, achieving only 57%
accuracy, suggesting a difference in the behavior of Chinese
and American groups, which difference is also noted in the
social science literature [24] [25]. In the course of our work,
initially in English, on methods to detect the pursuit of power
within a group, we defined an additional LU, called Tension
Focus (Table 3). Tension Focus reflects the dialogue acts of
other members of the group directed toward the speaker. A
speaker toward whom more utterances of disagreement,
disapproval, or rejection are directed by others or whose
statements are questioned by others (DRT) is considered to
have a higher degree of Tension Focus. Similarly, even when
disagreement is not explicitly directed at the speaker,
disagreement with the substance of a recent statement of the
speaker (TDT) is also counted in the calculation of Tension
Focus.



TABLE III. INDICES FOR TENSION FOCUS

LU Lower Level Indices
Tension Disagree-Reject Target Index (DRT); Topical
Focus Disagreement Target Index (TDT)

For DRT, we calculate the proportion of utterances of
disagreement, disapproval and rejection, as well as
confirmation requests in the discourse that are directed at each
speaker as a percentage of all such utterances by all speakers
in discourse. These are the utterances typically tagged
(automatically) as disagree-reject or confirmation-request
dialogue acts, and may include:

* Direct statements of disagreement, either strong (e.g.,

“I disagree” “That’s not right.”) or weak (“I agree,
but”; “I’m not sure about that”);

*  Qualified responses to an assertion or opinion from
another speaker using a statement containing
qualifying markers such as well, but, though, however.

*  Utterances in which one speaker alters a statement of
another speaker by repeating one part but
changing/altering another part (For example: Speaker-
A: “Carla has several years of experience as a nanny.”
Speaker-B: “Carla has one year experience as a
nanny.”)

* Utterances that appear to question the statements
of a prior speaker by requesting confirmation
(e.g., Are you sure?)

For TDT, we count all unmarked statements by a speaker
where there is an earlier (the most recent) statement by another
speaker on the same topic but with the opposite polarity. Here,
“unmarked” refers to a statement not explicitly tagged as a
Disagree-Reject DA or otherwise counted under the DRT
measure. The value of TDT for each speaker is the proportion
of topical disagreement turns directed at this speaker by all
other speakers to the sum of such statements made by all
speakers in a discourse. In order to calculate TDT we
automatically identify and take into account all utterances that:

* Make either positive or negative statements about a
topic, e.g., “I'm for Carla.” or “I would not vote for
her.”

* Offer either supportive or unsupportive information
about this topic; e.g., “She’s got experience with
youngsters.” or “If you are looking for computer skills
I would cross her off.”

We calculate Tension Focus for both English and Chinese.
For English dialogues it makes no difference in selection of
the leader, although we are testing its utility in the prediction
of other behaviors. However, addition of the Tension Focus
LU to leadership predictions in Chinese, as a negative
indicator, put the performance on a par with English (86%).
For Chinese dialogues, when other measures fail to determine
a leader, the leader is selected from the top two contenders
based on which participant has the lower Tension Focus.

VII. COMPARISONS AND FINDINGS

Because of this interesting difference in the way in which
groups and leaders behave, between the Chinese and
American groups, we explored further comparisons of the
relationship between Tension Focus and the other leadership
measures. From this we draw indicative, if highly preliminary,
conclusions about the typical behaviors of the Chinese and
American leaders and their groups. In the comparison
reported here (Fig. 3), Chinese leaders are less likely to be a
focus of disagreement than American leaders. This is
illustrated in the first two columns on the left, and considers
leadership calculated using all four measures of our model as
discussed in Section 5. By looking inside at the components of
that model, we see the differences in more detail, as shown in
columns 3/4 and 5/6. In Chinese dialogues, disagreement is far
less likely to be focused on the person with the highest control
over the task, than in the American groups (columns 3 and 4).
Task Control is also the more common mode of the Chinese
leaders. On the other hand, in Chinese groups disagreement is
still expressed but directed at the person

¥ Chinese (7
dialogues, 8489
utterances)

® American (11
dialogues, 2581
utterances)

Dialogues where focus

Dialogues where
of any disagreementis  disagreement s focused  disagreement is focused

Dialogues where

the leader on the person exhibiting  on the person exhibiting

control over the task control over the topic

Figure 3. Comparison of Role of Tension Focus in Chinese and American
Chat Dialogues

who has taken the lead in controlling the content of the
discussion. The exactly opposite behavior is shown in the
American dialogues. These indications support previous social
science research based upon observation suggesting high
power distance for Chinese leaders [18], which would suggest
unwillingness to directly challenge leadership and an
expectation that the leader will provide strong guidance in the
pursuit of the group agenda. However, it contrasts with
previous research which suggests that disagreement is strongly
muted in Chinese group interactions [26].
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