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Figure 3. The distribution of communication time period of
threads generated by Approach 1

6. DISCUSSION

In this section we first report the statistics of identified threads by
Approach 2 in our corpus and then  discuss
advantages/disadvantages of both proposed approaches.

It should be noted that these algorithms are aimed only at
reconstructing the original parent-child relations of messages,
caused by users replying to or forwarding existing messages. This
is valuable, but the recovered structure does not necessarily reflect
the structure of topic relations. For example, especially in
Approach 1, we often observed messages that replied to a much
earlier message, but introduced a completely new topic. It may be
that users refer to the earlier message as a record of the
correspondent’s email address. More rarely, a single thread begins
on one topic, then includes an "aside" that takes the conversation
in a new direction. If one’s goal is topic segmentation rather than
thread reconstruction, one possible avenue is the extension of
Approach 2 to take into consideration the semantic similarity
between the unquoted part of a message and its quotation.

6.1 Thread Statistics

Using the similarity-matching algorithm on the Enron corpus, we
obtained 32,910 email threads, which consist of 95,259 unique
messages. The mean thread size is 3.14, with a mean depth of 1.71.
The median thread size is 2. The total number of threads with 2 to
5 messages is 30,940; only 1,970 have more than five. Hence, the
corpus contains a large number of small threads. The distribution
of thread size is given in Table 44.

Interestingly, and unexpectedly, the number of children of a
message was only very weakly correlated with the number of
recipients of the message (r = 0.0395, p << 0.001). That is,
messages sent to more people just barely elicit more replies; this
phenomenon merits further study.

Prior to missing message recovery, the similarity-matching
algorithm vyielded 8,077 thread nodes without a corresponding
message, out of a total of 103,183 nodes (7.3%). The missing
message recovery procedure was able to recover message content
for more than half of those nodes (4,850), reducing the missing-
message rate to 3.1%.

Of the recovered nodes, 359 (7.4%) were found to contain more
than one distinct recovered message, generating a total of 430
additional sibling nodes. By contrast, 7,222 of the 52,792 non-root
nodes whose message was extant had siblings (13.9%). This

discrepancy suggests that a substantial fraction of missing
messages have siblings whose existence the algorithm was not
able to infer.

Table 4. Distribution of email threads (without missing
message recovery) on the thread size

Thread Size 2 3 4 5 6

# of Threads 19,941 6,753 | 2,868 | 1,378 | 770
" 7 8 9 10 (10-20) 20+

" 406 241 170 121 221 41

6.2 Approach 1 vs. Approach 2

The advantages of Approach 1, the header-based method, are that
the algorithm is simple to implement, and that it essentially never
makes a "false positive" inference of a parent-child relationship.
But it has several disadvantages. First, the Thread-Index header is
not always available; a review of 52,878 personal emails of one of
the authors found the header present in only 6.4% of messages.

Amsg O Thread-Index
A: AcEpvGKhOGBNNJWUEdWxFgBQi+MJ2Q==
B: N/A (withou header because in the Sent folder)

B.msg C: AcErWenblTYNZZdMEdWxFgBQi+MJ2Q==
D: AcEqgwbv204HJIpZzEdWxFgBQi+MJ2Q==
— : reply-to relation

C.msg D.msg

Figure 4. External exchange example

Second, the approach suffers "false negatives" in a common case:
when a child message is from a person whose email address is not
in the same domain as that of the sender of the parent message
(i.e., external exchange), the Thread-Index is encoded in a
different way. In Figure 45, assume A, C, D are messages sent by
Jeff Pearson <tuckiejeff@hotmail.com>, and B is the message
replied to A by Jonathan McKay <jmckay@enron.com>. Since
Jeff Pearson’s messages were sent from hotmail.com, the Thread-
Indexes for C and D were encoded in a different way. And this
causes Approach 1 to fail to link the messages. Unfortunately, as
far as we can discern, there is no way to decode that kind of
Thread-Index. As a consequence, if there are any external
exchange messages in a thread, the thread will be split into several
small threads.

Approach 2, the similarity-matching method, has as its main
advantages its general applicability, even when there is no
Exchange header, and its capability to recover missing messages.
Approach 2 does have several shortcomings, however. First, it has
some potential for false positives when linking children to a very
short parent message. However, judicious use of the time and
sender-recipient heuristics makes this problem rare. Second, like
Approach 1, suffers false negatives when the required data is
missing; in this case, if a child message does not include quoted
material from the parent. Indeed, this is why the measured recall
under condition T+S was still only 0.87, rather than 1.0.

The effectiveness of Approach 2 was also reduced by the
constraints introduced to improve its computational tractability.
The time window constraint helps reduce the searching scope of
candidate emails, but some messages do reply to their parents
after a long time period. Second, the constraint that candidate
parent messages have the same normalized subject, which vastly
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