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Part A: (30%)

Please briefly describe what the major contributions, in MIS field, of the following
authors are:

1. Orlikowski, W. (10%)
2. Delone, W.H. & McLean, E.R. (10%)
3. Davis, ED. (10%)

Part B: (70%)

1. Please give the abstract, within 200 words in English, of this paper? (10%)

2. Draw the framework of this research, and then briefly describe major research
variables. (10%) ‘

3. Describe briefly the procedure of qualitative content analysis and supercode
analysis conducted.in this research. (10%)

4, Comment on “whether CMC moderates or magnifies the gender difference
reported in face-to-face research”, based on literature reviewed in this paper on
both sides, as well as your own opinion. (10%)

5. Based on findings and insights from this paper suggest ways to implement an
e-learning environment with more gender-free, equal-participation and supportive
self-disclose characteristics. (10%)

6. Analyze potential mediating variables that might bring out different conclusions
with those of this research. (10%)

=

Please explain why the author constructed 21 task codes, 12 linguistic codes, 16
stylistic codes, and 8 paralinguistic codes during his pilot study? (10%)
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1. Introduction

The increased use of networked computers in contemporary society has changed the
ways in which students can engage in peer-based discussion. Consequently, higher educa-
tion establishments are utilising virtual learning environments such as Blackboard and
WebCT to support existing face-to-face undergraduate courses. A feature of such systems
is their ability to support many-to-many communication in the form of text-based discus-
sion forums, Asynchronous computer-mediated communication (CMC) refers to commu-
nication that takes place over computers in delayed time (e.g., email), in contrast to
synchronous CMC {e.g., chat rooms), which takes place in real time. Hence, asynchronous
CMC allows people to communicate from different places and at different times. A fre-
quently cited educational advantage of the asynchronous nature of text-based online dis-
cussion forums is the time available to read a message and formulate a response, which can
improve reflection upon and development of a topic (e.g., Harasim, 1990}).

Early psychological studies of the Internet focused on what was lost in text-based
CMC. It was predicted that the reduction in social context cues through visual anonymity
would greatly reduce the capacity to transmit social and interpersonal information (e.g.,
Short, Christie, & Williams, 1976; Sproull & Kiesler, 1986). It was theorised that self-
awareness was reduced in CMC. Thus, the ‘cues-filtered out’ approach (Sproull & Kiesler,
1986) predicted that communication will be depersonalised, less ‘social’ and more uninhib-
ited, in comparison to face-to-face communication. It was assumed that the medium only
had the capacity to transmit task-oriented and cognitive material and not socioemotional
content. Socioemotional content includes the use of emoticons, expressions of supporting
references, self-references, references to others and self-disclosure (Jaffe, Lee, Huang, &
Oshagan, 1999),

In contrast to the ‘cues-filtered-out’ approaches, Walther's (1992) social information
processing theory maintained that text-based CMC could support socioemotional and
relational communication. This theory assumes that CMC users are affected by the same
internal drive of ‘affiiation’, i.c., interaction with other people, as participants in other
communicative contexts (Jaffe et al., 1999). Therefore, it is suggested that CMC users will
adapt existing communicative cues, within restrictions of language use and textual display
(e.g., paralanguage), in order to convey relational communication. However, a more
recent theory of CMC known as the ‘rational actor approach’ (e.g., Markus, 1994), despite
disputing the technological determinism of the ‘cues-filtered-out’ approach, is in keeping
with it in terms of the proposed reduction in interpersonal communication. This has impli-
cations for the use of CMC in educational contexts as it suggests that students may be less
responsive to the ideas of their peers during CMC, questioning the extent of ‘affective
learning’ {see Biggs, 1987) that can occur in computer-mediated contexts,

Gender may also influence the socioemotional content of computer-mediated discourse.
Males are believed to value status more through the process of gender role socialisation,
whereas females are thought to value connection or affiliation more, leading to gender-
preferential communication styles, differentiated as ‘competitive’ and ‘cooperative’, respec-
tively (Coates, 1993; Tannen, 1991). Therefore, females may be more likely than males
to express socioemotional responses in CMC, such as expressing support and disclosing
opinions, feclings and experiences, However, negative forms that would also qualify as
responses to another’s ideas, such as expressions of disagreement, are not always included
in definitions of socioemotional content.
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The absence of social context cues in CMC, 1i.e., the lack of non-verbal indicators of
hierarchy, status and power was also presumed to have a democratising effect on.commu-
nication, leading to equalised participation (Sproull & Kiesler, 1986). It was suggested that
when such cues are missing in CMC, participants who would otherwise defer speaking
turns to higher-status participants in face-to-face interaction, become uninhibited and par-
ticipate more. Therefore, studies began to emerge which examined participation in CMC
by gender (¢.g., Graddol & Swan, 1989; Selfe & Meyer, 1991), as it had been reported that
males dominated mixed-sex interaction in formal face-to-face contexts by speaking more
frequently, for longer and interrupting more, than females (e.g., Tannen, 1991; Thorne,
Kramarae, & Heniey, 1983).

It was suggested that the visual anonymity offered in text-based CMC would result in
gender-free equality online and Graddol and Swan’s (1989) findings supported this claim
initially, as they found equal participation in an anonymous Open University conferencing
system. However, this was later shown to be prematurely optimistic as Herring (1993,
1994) reported that males dominate online interaction by making longer and more fre-
quent postings than females and subsequent studies, conducted in a variety of CMC con-
texts, supported this claim (e.g., Barrett & Lally, 1999; Richardson & French, 2000; Sierpe,
2000; Stewart, Shields, Monolescu, & Taylor, 1999).

Similar to face-to-face research, these results suggest that males dominate interaction,
which may deter women from participating in CMC or force them to seck women-only
groups online. Indeed, Yates (2001) suggested that altering the social context in the form
of women-only online groups can moderate some of the problems experienced by women
in educational interactions. However, gender segregation is neither practical, nor desir-
able, in an educational context. Furthermore, Miller and Durndell (2004) studied partic-
ipation in an educational context and found that males and females were similar regarding
quantitative measures of participation, as no significant gender differences were found in
relation to the frequency or length of online postings. This was partly explained through
the motivation to participate as marks were on offer for participation in this educational
context and also because of the unequal gender balance, as females outnumbered males on
the course. However, other studies have shown that relatively few males have still man-
aged to dominate a discussion online (e.g., Herring, 1993; Light, Nesbitt, Light, & Burns,
2000; Sierpe, 2000).

For example, nght et al. (2000) studied purely student-student interaction via asyn-
chronous CMC in the context of a. third-year undergraduate course and found that in
one group in particular the discussion became dominated by two males ‘who shifted the
discourse style from more formal contributions to ‘testing the boundary’ comments’ (p.
94). These commenis became increasingly directed towards particular individuals and
the researchers report that there was evidence of inciting gender reaction ‘for fun’. This
shows that measuring surface variables in relation to the amount of participation does
not address the extent to which participants can dominate through their use of language
and interaction style online. Perhaps the presence of an instructor in these groups would
have infiuenced the outcome of this study as Herring (1999) claims that female students
participate more and sometimes more than male students in online classrooms in which
the teacher controls the interaction, even when the teacher is male,

The removal of status cues such as gender has the potential to moderate the effects of gen-
der on language use online, as Carli (1990) postulated that status may be an important deter-
minant of gender differences in language use. This is known as the ‘dominance’ approach to
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gender and language (e.g., Poynton, 1985), and is often contrasted with the ‘difference’
approach, advocated by Tannen (1991). It is maintained that status is more of an influence
on language use than gender. However, males are traditionally awarded more status and
power in.society and Sussman and Tyson (2000) suggested that these gendered power dif-
ferentials in communication style would transfer into computer-mediated environments.

It was suggested that under conditions of anonymity males and females may be less
likely to feel that they have to project the socially expected qualities corresponding to their
gender (Matheson & Zanna, 1990). However, George (1995) claimed that communication
is not neutral and texts are arenas in which to exercise power within social relationships.
Moreover, Yates (2001) stated that ‘CMC interaction, as with face-to-face communica-
tion, is founded upon existing social structures and perceptions which underlie inequalities
in the interaction’ (p. 27). For example, language may be a means of constructing and
maintaining gendered power differentials in society. Therefore, CMC could potentially
magnify, as opposed to moderate, the gender differences reported in face-to-face research,

The social identity explanation of deindividuated effects (SIDE) model (Postmes, Spears,
& Lea, 2000, 2002; Reicher, Spears, & Postmes, 1995) challenged the anti-normative and
deterministic view of the ‘cues-filtered-out’ approach described earlier. It predicts that
visual anonymity of the self to others leads to heightened self-awareness and greater adher-
ence to group norms when a social identity is salient. So, for example, if gender is made a
salient social identity in CMC then this could invoke behavioural norms and stereotypes
regarding gender appropriate behaviour, influencing expectations and perceptions of
CMC users. Similarly, Matheson and Zanna (1990) argued that differences in status may
actually be accentuated in CMC if cues to gender are available. Low public-awareness lev-
els in CMC (i.e., decreased concemn about others’ impressions) are associated with lower
social pressures that make the expression of internalised gender biases unacceptable. There-
fore, it is possible that the exclusive focus on language in text-based CMC could not only
exacerbate existing asymmetrical power differences, but even create them.

Matheson and Zanna (1990) found that CMC users reported greater levels of private
self-awareness than participants communicating face-to-face. Heightened private self-
awareness in CMC is associated with high levels of self-disclosure (Joinson, 2001). This
may have implications for the use of visually anenymous and pseudonymous CMC in edu-
cation as students may be more likely to disclose under these conditions. Furthermore, the
sensitive nature of some psychological topics such as mental health, child abuse and cating
disorders under these conditions may be conducive to self-disclosure. This may have impli-
cations for the use of CMC in psychology courses. As suggested earlier, it is also possible
that the level of self-disclosure online may be influenced by gender, in line with traditional
sex-role expectations. It could also be the case that in CMC self-disclosure is normative, in
the same way that flaming (i.e., swearing, insults and hostile comments) is likely to be con-
text-dependent and normative (see Lea, O'Shea, Fung, & Spears, 1992), as opposed to sim-
ply an outcome of the loss of face-to-face cues (e.g., Kiesler, Siegel, & McGuire, 1084).

Gender-related patterns in language style have been found in Internet discussion groups
such as email listservs (e.g., Herring, 1993, 1994). Herring reported large differences in lan-
guage style along the same task-orientated versus socioemotional dimensions as Tannen
(1991) had described in face-to-face contexts. Female postings tended to display features
of attenuation, such as hedging, apologising, asking questions and a personal orientation,
revealing thoughts and feelings and interacting with and supporting others. On the other
hand, male postings were lengthy and/or frequent, adversarial and featured strong assertions,
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self-promotion, sarcasm and flaming. Herring suggested that gender-based communica-
tion styles and the power dynamics associated with these styles carry over to electronic
environments, despite the loss of overt face-to-face cues to gender.

Savicki, Lingenfelter, and Kelley (1996) provided some evidence for the gender-related
communication styles identified by Herring (1994) in their study of Internet discussion
groups. Soukup (1999) observed traditional masculine and feminine forms of discourse
in Internet chatrooms. However, Yates (1997) notes that many studies have failed to rep-
licate these findings, Moreover, Michaelson and Pohl (2001) did not find differences along
the supportive/emotional versus adversarial/task-oriented dimensions in their study of an
email problem-solving task.

Thomson, Murachver, and Green (2001} conducted experiments into the dynamism of
linguistic exchange. They investigated how males and females accommodate to gender-
preferential language in emails and found that participants used ‘male’ language when
communicating with a male netpal and ‘female’ language when communicating with a
female netpal, supporting the process of accommodation in online dyadic exchanges. In
relation to many-to-many exchanges, where CMC participants can be exposed to a variety
of styles, Herring (2003} suggests that the majority gender group online will have the -
greater influence on the shared discursive norms,

Mixed results in terms of gender variations in language use in CMC make it unclear
whether CMC moderates or magnifies the gender differences reported in face-to-face
research. Perhaps these differences could be attributed to the varying online contexts that
have been studied. There is also a methodological issue in terms of the extent to which
gender can reliably be inferred by researchers from usernames or email addresses. For exam-
ple, Jaffe et al. (1999) found that females are more likely to choose a pseudonym to mask
their gender when communicating online, which could distort the findings of studies using
samples taken directly from the Internet. Miller and Durndell (2004) reported that females
were significantly more likely to opt for a numerical pseudonym instead of their real name,
in comparison to males.

Although text-based, pseudonymous CMC may be considered ‘gender-free’, cues to
gender may not be restricted to usernames and signatures in CMC. Experimental work
by Thomson and Murachver (2001) found evidence for gender-preferential language in
informal CMC in a series of experimental studies, showing that readers of email messages °
used gender-linked language differences within messages to correctly identify the author’s
gender. Therefore, if linguistic cues to gender are found in real-life CMC contexts, this will
have implications for the assumption of gender anonymity online and CMC as a gender-
freg environment, _

The present research is concerned with formal use of CMC on an undergraduate psy-
chology module. Ethical clearance permitted access to background details of the students,
so that gender could be reliably inferred in this study. Education is a context in which gen-
der equality is an important issue. If differences in communication style are found to exist
in this context then this may have implications for the increasing use of CMC in Higher
Education. Yates (2001) provided an overview of the research literature on CMC, gender,
language and education and concluded that there is a lack of few large and detailed studics
on this topic. This paper reports the results of an extensive project, employing both quan-
titative and qualitative techniques, that was carried out to investigate the existence of gen-
der-related patterns in language use and interaction style in educational, mixed-gender,
online discussion groups,
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2. Method
2.1, Participants-

The participants were 197 campus-based introductory psychology students (149
females, 48 males) at a Scottish university who had all chosen to take part in the online
discussion groups as an optional part of their course. The age range was 17-46 years and
the mean age of the sample was 22 years (SD = 6.52}.

2.2. Coding scheme

The coding scheme was developed in Atlas.ti 4.2 (computer-assisted qualitative data
analysis software) using a qualitative content analysis (QCA) procedure (Mayring,
2000), QCA seeks to conserve some methodological advantages of quantitative content
analysis and broaden them to a concept of qualitative procedure. The unit of analysis
was at the level of the whole message, resulting in a macro-analysis of whole messages
and episodes of.interaction, as opposed to a micro-analysis of single-words and phrases,
as is common in traditional quantitative content analysis.

During a pilot study, the author constructed a code fist consisting of 21 task codes (e.g.,
initiates thread), 12 linguistic codes (e.g., intensifiers), 16 stylistic codes (e.g., challenging)
and 8 paralinguistic codes (e.g., capitalisation), which included definitions and examples
from the corpus. The majority of linguistic (see Appendix A) and stylistic codes (see
Appendix B) were coded in previous studies as potential discriminators of gender (e.g.,
Herring, 1994; Savicki et al., 1996). The code list was then passed to a second independent
rater who coded 20% of the sample (65 postings chosen at random) for 30 of the linguistic
and stylistic variables. The second coder did not code for the more objective features such
as ‘first person pronouns’ and ‘intensifiers’. The inter-rater reliability measure for the more
subjective codes such as *humour’ and ‘rhetorical questions’ was significant (x = 0.94).

After this first level coding, second level coding involved the organisation of code
families in Atlas.-Codes were grouped into eight major code families. These were female
language (e.g., sclf-disclosure, intensifiers), male language (e.g., humour, rhetorical ques-
tion), task-orientated (e.g., answers question), socioemotional (e.g., references by name),
attenuated (e.g., personal opinion, qualifiers), authoritative (e.g., strong assertion, presup-
positions), negative socioemotional (e.g., disagreement) and positive socioemotional (e.g.,
agreement), A full description of these code families and examples is in Miller (2004).
Analyses were then conducted on ‘supercodes’. These are stored queries constructed from
combinations of code families using Boolean operators in Atlas.ti 4.2 (e.g., ‘return all mes-
sages coded as containing authoritative language but no attenuated language’). These
higher-order codes permit analyses to be conducted into the use of combinations of codes
and code families by males and females, allowing the identification of patterns of language
use and particular interaction styles.

2.3. Procedure

Students on an introductory psychology module were invited to participate in online dis-
cussion groups for coursework credit. They were supplied with instructions on how to
access the online forums and told that they must give either their real name or matriculation
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number as their user identification when posting messages in order to receive marks for con-
tributing to the discussion. This allowed the gender of participants to be reliably inferred.
Informed consent was gained from the online participants to download their contributions
for analysis. Ethical clearance permitted access to background details of the students, such
as gender. The online discussion forums covered a variety of introductory psychology top-
ics such as eating disorders, intelligence, memory and personality. A total of 699 student
postings were collated over four semesters. The mean number of posts was 3.55 and the
average length of posts was 126.03 words. Tutors also contributed online but only the stu-
dent contributions were analysed. Coding was carried out using Atlas.ti 4.2, as described
above. Statistical analysis was conducted using the #* Test and Fisher’s Exact Test in SPSS
10, Yates’ correction was applied to cells that have expected frequencies of less than five,

3. Results

A total of 699 postings (538 female, 161 male) were analysed. The electronic discourse
was characterised by extensive first person pronoun usage as 87% of all postings analysed
contained some form of first person or plural pronouns (e.g., ‘I, ‘we’). Also, 38% of
student contributions directly responded to the ideas of other students by expressing agree-
ment and/or disagreement. Just over a fifth of all postings contained references to own
emotions (e.g., ‘I am angry that’} or self-disclosure {e.g., ‘I myself have been overweight’).

Table 1 above shows participants’ use of the linguistic variables by gender. The table lists
each linguistic variable and the corresgonding proportions of males and females making
each type of contribution, on which ¥* analyses were conducted. The percentages of each
type of posting, expressed as a percentage of the total male and female postings are also
given in the table. As can be seen from the table, a significant result was obtained for only
one individual linguistic variable, namely intensifiers. It was found that significantly more
females used intensifiers in their postings than males, ¥*(1, N = 197) =6.77, p < 0.01.

Table 2 shows participants’ use of stylistic variables by gender. As before, the stylistic
variables are listed, as are the corresponding proportions of males and females making each
type of contribution, on which y* analyses were conducted. It can be seen from the table

Table 1
Participants’ use of linguistic variables by gender: * of male and female samples

% of participants # % of postings

Male (N=48) Female (N = 14%) Mals (N =161) Female (N = 538)
Absolute adverbials W% (N=14) 26%(N=139) 016 12%(N=19) 11%(N=357)
Exhortations L% (N=2) % (N=11) 01l 1%(N=2) 2% (N=12)
First person plural pronouns 54% (N=26) 55% (N=282) 042 30%(N=49) 28% (N=153)
First person pronouns 83% (N=40) 92%(N=I13T) 246 0% (N=113) B6% (N =:461)
Second person address 25% (N=12) 26% (N =138) 0.00 18% (N=29) 12% (N =64)
Imperative verbs A% (N=10) 15%(N=22) 098 T%(N=12) 6% (N =130}
Impersonal truths 17% (N =18) 8% (N=12) 246 6% (N=10) 2% (N=12)
Intensifiers 56%(N=2T) T76%(N=113) 6.77 41% (N=66) 50% (N =210)
Intetjections 0% (N=5) 15%(N=22) 0.58 4% (N=T) % (N == 36)
Qualifer/hedgeftag question  46% (N=22) 55%(N=382) 123 2% ({N=43) 3 (N=163)
References to emotion % (N=17) 46%(N=69) 175 15%(N=2) MAN=117)
Rhetorical questions 33% (N=16) 32% (N=47) 0.05 15%(N=24) 13%(N=71)

* Significant at p <0.01.
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Table 2 .
Participants’ use of stylistic variables by gender: ¥° of male and female samples

% of participants X % of postings

Male Female Male Female

(N=48) (N =149) (N=161) (N=538)
Agreement A% (N=10) 48%N=72) 11307 9% (N=15 2% (N=142)
Challenging % (N=18) 10%(N=I15 195" 17%\W=27) 4% (N=20)
Complimenis 10%(N=35) 2% (N=34) 352 4% (N=6) 10%(N=52)
Controvetsial 15% (N =17) 1% (N =2) 14147 5% (N=8) 04%(N=2)
Disagreement 4% (N=21) 15%(N=22) 1786 1% (N=30) 6% (N=30)
Empathic We(N=1) 13%(N=20) 491 1% (N=12) 4% (N =23)
Humour % N=15) T%N=100 197" 1% N=2) 2%{N=13
Personal experience 1% (N=11) 40%N=59) 441 o4 (N=14)  19% (N=100)
Personal orientation 60% (N=29) T72%(N=108) 249 9% (N=63) 51%N=2T2)
Polite forms 19%(N=9) 20% (=300 005 % (N=10) 7% (N=38)
Presuppositions 61%(N=32) S0%(N=75) 390 40% (N=64) 24% (N=128)
Reference to own cmotions 6% (N=3)  21%(N=31) 538 2% (N =4) o (N'= 50)
Reference 1o own feclings 15%(N=T7) 36% (N = 54} 796" Y (N =10} % (N = 85)
Self-disclosure 6%(N=3) 2% (N=30 175 W (N=3  10%(N=55)
Strong assertions 8% (N=23) 15%(N=23) 2139"" 19%(N¥N=30) 6%(N=30)
Supporting statements 2% (N=13) 2% (N=63) 3.54 N%N=1T) 21%{N=114)

* Significant at p <0.05.
** Significant at p <001,
*** Significant at p <0.001.

that 10 of the 16 stylistic codes were found to reveal a significant difference in terms of male
and female usage. A significantly higher proportion of females made contributions contain-
ing agreement, (1, N = 197) = 11.30, p < 0,01, empathy, (1, N = 197) = 4.91, p <0.05,
personal experience, ¥(1, 197)=4.41, p<0.05, and sclf-disclosure, (1L, N=197)=
7.75, p < 0.01, in comparison to males, Furthermore, significantly more females made ref-
erence to their own emotions, ¥*(1, N = 197) = 5.38, p <0.01, and own feclings, ¥(1,N=
197) =7.96, p < 0.01, in comparison to males. On the other hand, a significantly higher
proportion of males made challenging, ¥(1,N =197) =19.59, p < 0.001, and controversial.
contributions, (1, N = 197) = 14.14, p < 0.001, expressed disagreement, P(,N=197) =
17.86, p <0.05, used humour, ¥(1,N = 197) = 19.74, p <0.001, and presuppositions,
(1, N =197) = 3.90, p <0.05, and strong assertions, ¥(1,N = 197) = 21.39, p <0.001,
in their postings.

The results of the supercode analysis are shown in Table 3. The supercode queries are
listed, as are the corresponding proportions of males and females making each type of con-
tribution, on which x* analyses were conducted. The percentages of each type of posting,
expressed as a percentage of the total male and female postings are also given in the table.
Significantly more females made contributions that were attenuated but not authoritative,
+(1,N =197)=16.26, p<0.001, and consisted of female language features only,
#2(1, N = 197) = 19.43, p <0.001, than males. Significantly more males made contribu-
tions that were authoritative but not attenuated, y*(1, N = 197) = 14.88, p <0.001, and
consisted of male language features only, 3% (1, N = 197) = 11.50, p < 0.001, than females.
There were no significant gender differences found along the task-orientated versus socio-
emotional dimensions. However, the socioemotional code family was further divided
into positive socioemotional and negative socioemotional families. This revealed that
significantly more females engaged in positive socioemotional behaviour than males,
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Table 3

lnteraction style supercode analysis by gender; ¥* of male and female samples

Supercode % of participants %2 % of postings

' Male Female Male Female
(N=48) (N=149) (N=161) (¥ =538)

Attenuated not authoritative 31% (N=15) 64% (N=96) 1626 16% (N=26) 41% (N=218)

Authoritative.not attenuated 69% (N=133) 3% (N=55 14838" 40%(N=64) 16% (N=8)

Male not female language 3% (N=16) 12%{N=18) 1150 12%{(N=20) 4% (N=19)

Female not male language 3% (N=16) 69% (N=103) 19.43" 20% (N=32) 44% (N=235)

Male and female language T3%(N=135) 65%(N=97) 100 61% (N =98) 46% (N = 246)

Positive not negative 35% (N=17) 58% (N=286) 7.24° 19% (N=130) 35% (N=190)

Negative not positive S6% (N=27) 19%(N=28) 25.32" 2% (N=44) 7% (N=38)

Task-oriented not socioemotional  56% (N=27) 63% (N=54) 0.72 3% (N=258) 30%(N=161)

Socicemotional not task-oriented  33% (N=16) 37% (N=355) 021 16% (N=25) 13%(N=71)

Task oriented and socioemotional 65% (N=31) 73% (N==109) 129 M%(N=T1) 52%(N=279)

* Significant at p <0.01, '
** Significant at p <0.001.

¥(1,N=197) =724, p<0.0l, whereas significantly more ‘males engaged in negative
socioemotional behaviour than females, (1, N = 197) = 25.32, p <0.001,

4. Discussion

This research investigated the existence of gender-related patterns in language use and
interaction styles in a formal, educational context. Firstly, participants’ use of individual
linguistic variables was examined, such as absolute adverbials (e.g., ‘obviously’) and refer-
ences to emotion (e.g., ‘love’). Only one significant difference was found between males
and females regarding use of the 12 linguistic variables. More females used intensifiers
such as ‘really’ and ‘totally’ in their postings. This does not support the work of Herring
(1993) or Savicki et al. (1996) who reported gender differences in use of individual linguis-
tic features in online contexts, such as first person and plural pronouns, absolute adverbi-
als, interjections and qualifiers. .

In this context, first person pronoun usage did not vary by gender. The electronic dis-
course showed extensive first person pronoun usage and 87% of postings were of this nature.
Also, over a third of postings expressed agreement or disagreement with other students. Just
over a fifth of all student postings contained references to own emotions or self-disclosure.
These findings in this formal context suggest that the computer-mediated context is perhaps
not as impersonal as previously implied (e.g., Markus, 1994; Sproull & Kiesler, 1986) and
provides support for social information processing theory (Walther, 1992) in that CMC
can support socioemotional communication. However, the discourse was also characterised
by a lack of emoticons. This could be due to the formal, asynchronous context or a lack of
participants’ experience with CMC. Alternatively, participants may have felt that they were
able to convey meaning adequately through their language use and did not have to resort to
using emoticons to convey the tone of their message. There was some evidence of the use of
paralanguage to convey tone, although this was relatively rare.

Although use of only one linguistic variable was found to significantly differ by gender,
11 out of the 16 stylistic variables produced significant results. It was found that significantly
more females made contributions containing empathic utterances, personal experience,
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self-disclosure, references to own emotion and references to own feelings, than males. On.
the other hand, more males than females sent postings containing controversial state-
. ments, humour, strong assertions and presuppositions.

The ‘supercode’ analysis in Atlas.ti 4.2, which examined use of combinations of lan-
guage and interaction styles, showed that females were more likely to make attenuated
contributions and use only traditional female language features in their postings. On the
other hand, males were-more likely to make authoritative postings and use only male lan-
guage features. These findings provide empirical support for the existence of gendered
styles of communication, as opposed to the influence of gender on use of individual lan-
guage features, They also support the communication styles identified by Herring (1994)
to an extent. However, they suggest differences in the degree to which gendered discourse
styles are utilised, as opposed to differences in kind. The male style that Herring (1994)
described was a considerably more extreme authoritative and adversarial style that
included sarcasm and flaming, which did not occur often in the present research. This
could have been due to the differences in context, in that Herring (1994) examined public
discussion lists and the present research was concerned with private discussion forums in
which instructors were present.

However, the results do support Herring’s work in that females were found to employ
personal and emotional forms of language more than males, who in turn used more
authoritative language. It is possible that participants, especially females, developed ways
of overcoming what could be perceived as an impersonal environment through the devel-
opment of a discursive norm of explicitly personal writing. For example, the tendency to
disclose personal information beyond that of opinions and feclings. It should be noted
here that the coding category of self-disclosure was taken to mean high self-disclosure
in the form of personal information beyond that of thoughts, feelings and expericnces,
which were distinct coding categories in themselves. It is interesting to note that Herring’s
prediction that the minority gender group will accommodate to the style of the majority
was not supported in that gender differences were found in interaction style and males
did not generally conform to the female norm of explicitly personal writing.

The findings here support Matheson and Zanna's (1990) claims that CMC users are
more likely to experience high-private self-awareness, as opposed to deindividuation. High
fevels of first person pronoun use were observed and participants disclosed personal opin-
jons, feelings, emotions and experiences, which may indicate a high level of private self-
awareness. It is interesting to note that the pseudonymity offered in this research was
not found to affect the level of self-disclosure, as similar proportions of pseudonymous
and real name participants self-disclosed. However, gender was found to significantly
influence the level of self-disclosure online as more females self-disclosed than males,

Therefore, previous work in the area of gender and language, both offline and online, is
supported to some extent, Herring (1994), Savicki et al. (1996) and Soukup (1999) found
that males used more authoritative language than females and that more females revealed
thoughts and feelings than males. However, Michaelson and Pohl (2001) did not report
any gender differences along the suppostive/emotional versus adversarial/task-oriented
dimension in their study of CMC interactions. Although this study did support the sup-
portive/emotional verSus adversarial distinction to an extent, it did not support the
task-orientated versus socioemotional distinction in relation to gender. It is argued here
that this distinction is too simplistic. Males and females were just as likely to send mes-
sages of each type and, more commonly, messages containing both task-orientated and
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socioemotional content. The distinction between these categories was problematic as par-
ticipants were frequently engaging in task behaviours due to the specific formal purpose,
some of which could also be classed as socioemotional behaviour (e.g., requests opnuons)

Furthermore, as indicated in the introduction, definitions appear to focus on the posi-
tive elements of socioemotional discourse such as expressions of support. However, dis-
agreement and challenging utterances were also categorised as socioemotional discourse
in this research, as they also involved references to others and reacting to others. Thus,
a distinction was made between positive and negative socioemotional behaviour. Gen-
der-related patterns were found as males had a tendency to post negative responses,
whereas females were more likely to respond positively to other participants, with expres-
sions of agreement and similarity in opinion and experience.

The finding that males tend to express disagreement more, whereas females tend to
express agreement, supports Coates (1993) and Tannen (1991) that the male style is based
on competitiveness and the female style is based on cooperativeness. It could also reflect
gender-related learning preferences, as females may prefer to learn through connectedness
and cooperativeness, whereas males may prefer a more independent and argumentative
learning environment (see Belenky, Clinchy, Goldberger, & Tarule, 1997; Gilligan, 1992).
These differing epistemologies and communication styles may influence the sharing and
acquisition of knowledge in mixed-gender, computer-mediated educational interactions.
For example, the increased tendency for females to agree and support, as opposed to dis-
agreeing and rejecting suggestions, could be interpreted as taking a low-power role in the
discussion. Tannen (1991) states that women typically use more supportive language pat-
terns, which have the effect of diminishing the power of their own contributions. Thus,
some participants, particularly males, may devalue and potentially ignore contributions
of a personal and attenuated nature.

Furthermore, Taylor (1978) noted that women are often criticised for using language
that is too personal. It is presumed that such writing blunts the ‘argumentative edge’,
which is a conventional hallmark of effectual exposition. The issue of the perceived cred-
ibility of a contribution that uses personal and attenuated language is worthy of further
investigation, as these linguistic forms are often associated with negative stereotyping,
which may affect the perceived power and persuasiveness of the communication, For
example, an authoritative and challenging contribution may be perceived as a more con-
vincing argument and a more valuable contribution to knowledge than a personal and
cooperative one by other participants and perhaps even instructors, who may be assessing
the quality of online contributions.

The emerging female discursive norm of self-disclosure is likely to have been influenced by
the nature of some of the psychological topics under discussion, which appeared to be per-
sonally relevant to some participants (e.g., eating disorders, depression). Indeed, Wallace
(1999, p. 151) argued that the ‘tendency to disclose more to a computer. ..is an important
ingredient of what seems to be happening on the Internet’. Therefore, an increased tendency
to self-disclose online, combined with the discussion of potentially sensitive topics, raises an
ethical issue for the use of CMC in psychology courses, which instructors should be aware of,

It is also recommended that instructors should take the gender differences in communi-
cation styles identified in this research into account when using computer-mediated discus-
sion forums in education, particularly when establishing ‘ground rules’ for electronic
discourse and producing guidelines for the use of such forums. There is the possibility that
some CMC participants could be intimidated by contributions that use an authoritative




»

- BBE /5

i

%%@ﬁ_— R ASE S ——
06 B A R R4 A B E I SE R OH: AREER

J. Guiller, A. Dumndell | Computers in Human Behavior 23 (2007) 2240-2255 2251

style to critique ideas and express disagreement and find them unconstructive. Indeed,
Herring (1994) suggested that differences in communication ethics between males and
females regarding what is both acceptable and credible forms of communication are likely
to result in male dominance and female submission in CMC. However, this perhaps
implics a conscious and ethical choice to post in a particular style, rather than a reflection
of a subconscious gender identity, Further research is needed to investigate this issue.

It is possible that the gender-related patterns reported here, which are similar to tradi-
tional gender role stereotypes, were found as the salience of gender as a social category
may have invoked norms and stereotypical expectations regarding gender appropriate
behaviour (Matheson & Zanna, 1990; Reicher et al., 1995). Gender was madea salient social
category in the online discussion to an extent, as threads developed surrounding the issue of
gender in relation to the topics of eating disorders, abortion and even task behaviour, More-
over, some participants used their real name online and the tendency for females to opt fora
numerical identification more than males could perhaps have acted as a gender marker in
itself, It was also found that some participants revealed their gender in the content of their
contributions (e.g., ‘as a gay guy’, ‘as a 19-year-old girl’), showing that pseudonymous con-
ditions do not necessarily prevent gender from being revealed online.

Matheson (1991) suggested that high private self-awareness would facilitate access to
internalised frameworks for processing and responding to social cues such as gender. There-
fore, the combination of high private self-awareness and the salience of gender cues may lead
to expectations of gender-appropriate behaviour based on traditional stereotypes. These
expectations could promote self-fulfilling prophecies, as Snyder (1984) suggested, resulting
in stereotypically gendered behaviour. Therefore, this could account for the gender-related
patterns in language use and interaction style found in the present research. For example, it
could be the case that more females were found to self-disclose than males because the sal-
ience of gender as social category may have invoked behavioural norms and expectations
based on stereotypes regarding gender appropriate behaviour, effectively increasing the level
of self-disclosure by females and lowering the level of self-disclosure by males.

The notion that gender does not matter online seems overly optimistic, especially con-
sidering that one of the most popular first questions asked in recreational chat rooms is
‘asl’, which stands for ‘age, sex, location?’. Internet users use this initial question to get
a sense of who they are talking to and sex (or gender) is one of the major social categories
that are considered, often making it a salient social category in online contexts, For exam-
ple, Huffaker and Calvert (2005) found that both males and females often reveal personal
information online such as their real names, ages and locations.

Finally, the unequal male and female sample sizes were unavoidable in this context as
female students often outnumber male students on psychology modules and it is argued
that studying gender and CMC in a meaningful context outweighs this potential draw-
back. Future research should investigate the extent to which the gender-related patterns
found here can be extrapolated to other educational computer-mediated contexts, for
example male-majority courses such as engineering. The relationship between gender iden-
tity and expression and manipulation of that identity in online text-based contexts is also
deemed worthy of attention.

In conclusion, the results provide support for gendered styles of communication online,
sliowing that CMC does not guarantee a gender-free environment, Cues to gender were
found to exist in the language used by CMC participants and as the work by Thomson
and Murachver (2001) suggests, CMC users may be able to identify gender based on these
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cues alone. The gender gap may be closing in terms of being online, although women still
remain less frequent users of the Internet (Ono & Zavodny, 2003). It is likely however that
different results will be found depending on the context in which. Internet use is being stud-
ied. For example, Miller and Durndell (2004) found evidence for. equal participation in the

g5/ (#e/fﬁ)

context of online discussion groups in education. However,
even within the educational domain,

in language use and interaction style can be revealed. This suggests that existing gender-

the present study indicates that
if you scratch beneath the surface, gender differences

related patterns of power and communication may carry over into online environments

and compromise the extent to w

fore, it scems that gender does matter online.

hich an equitable environment can be maintained. There-

Appendix A. Descriptions and examples of linguistic variables

Code Description Examples from corpora
Absolute adverbial Strong assertion ‘obviously’, ‘certainly’
Exhortation Phrased as suggestion ‘ler’s’, ‘why don’t we'

First person plural pronoun

First person pronoun
Second person address

Imperative verb

Impersonal truths
Intensifier

Interjection

Qualifier/hedge/tag question

Reference to emotion
Rhetorical question

Refer to group including
writer

Refer to writer

Refers to another group
member

Expresses a command
Presupposed fact
Reinforces meaning
upwards or downwards
on a scale of intensity
Exclamation, usually
emotive in meaning
Word or phrase that
modifies the meaning of
another word or phrase
Use of emotive word
Assertive question not
meant to be taken literally

‘Our', ‘we’, suss

‘me’, ‘my’, ‘U, ‘myself’
‘you’, ‘your’

“think about it’

‘it is a fact that’

‘so’, ‘really’, ‘very’,
“totally’, ‘quite’, ‘hardly’

‘ah?’, ‘oh!’, ‘eh?, ‘oops’,
‘well’, ‘boy?’

4 LI 1 & 1
perhaps’, ‘may’, ‘seems’,
‘sort of”, ‘isn’t it?’

‘happy’, ‘depressing’
‘but isn't this a 2-way street?

Appendix B. Descriptions and examples of stylistic variables

Code Description Examples from corpora

Agreement Makes explicit statement ‘] totally agree with you’
of agreement

Challenging Statements that challenge ‘How can you possibly
others’ ideas or opinions think that’

Compliments Author praises participant ‘I thought the points you

for contribution

made were very good’
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Appendix B (continued)
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Code Description Examples from corpora

Controversial Makes controversial ‘People without the
statement, statements likely to  intellectual capacity
‘wind people up’ should be discriminated

against’

Disagrecment Makes explicit statement ‘I don’t agree with
of disagreement you’

Empathic Shows empathy (sense and “They have a lot of
understand someone else’s pressure on them’
feelings as if they were
one’s own)

Humour Quality of being amusing ‘Unless you wanted

Personal experience Refers to speaker’s
OwWN experience
Refers to speaker’s

personal orientation

Personal orientation

Polite forms Polite forms of language such as
thanking and apologising
Presuppositions .Statements that assume

certain facts or opinions
Makes reference to speaker’s
own emotions

Makes reference to speaker’s
feelings

Shares personal information
beyond that of opinion,
experience and emotion
Assertions made without

or with involved modalities

Reference to own emotion
Reference to own feelings

Self-disclosure

Strong assertions

to be an accountant,
which is crazy anyway!’
‘When I was at school’

‘In my opinion’, I think
that’

“Thankyou for your
response’, ‘I'm sorry’
‘People would end up
as robots’

‘It makes me sad’

‘I am very interested in’

} am bulimic’

‘I am very sure that’

Supporting statements Statements that support a Y1 agree) There is no way
previous view or argument of being certain that
(with or without an explicit cloned scientists or
statement of agreement) nobel prize winners will
have good intentions’
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Automatic Management of Laboratory Work in Mass
Computer Engineering Courses

Antonio Garefa, Santiago Rodriguez, Francisco Rosales, and José L. Pedraza

Absiract—Teaching computer engincering calls for an important
practical component, usually covered by setting several laboratory
exercises for each course, These exercises are specified as assign-
ments by the teachers and have to be completed by the students, At
the Computer Science School of the Technical University of Madrid
(UPM), Madrid, Spain, some of these laboratory exercises have to
be set for up to 400 students. High-quality laboratory work re-
quires the use of technology to help in student management, inter-
action, and assessment, Over the last ten years, this department at
UPM has been a site for new tool development, Students use these
tools to submit their laboratory work over the network. These tools
allow the students’ work to be checked by a battery of tests pro-
posed by the instrnctor. In addition, a specific tool has been built
to detect plagiarism by students, This paper describes the services
provided by this environment and the experience gathered during
the use of this laboratory.

Index Terms—Automatic assessment, computer science/
engineering learning, interactive learning, mass courses tech-
niques, plagiarism detection.

1. INTRODUCTION

OMPUTER architecture is one of the core subjects that

both computer science and computer engineering students
have to leamn. Specifically, students have to learn the principles
of how a computer works, what its components and connections
are, and fhe basis of assembly langnage programming, Because
of the strong relations between all the computer compenents,
this body of knowledge is difficult to acquire.

Teaching in this area involves both a theoretical and a prac-
tical part. Practical work is needed to reinforce the subjects
explained in the theoretical part. This reinforcement can be
achieved by setting a specific problem to be solved by students,
This practical work allows students to apply the previously
acquired knowledge, It also helps them to clarify any miscon-
ceptions or doubts by asking teachers for additional information
and explanations,

Unfortunately, there are some situations in which this
teaching approach cannot be directly applied. For instance, it
is not adequate in some educational environments, such as dis-
tance education or in mass courses, where the studentteacher

ratio is relatively high. In both contexts, the traditional rela-

tionship between students and their teacher is necessarily not
as close, Several approaches for developing new environments
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Spanish research agency under Project TIC-2003-08933-C02-02.

The authors are with the Departmeat of Computer System Architecture and
Technology (DATSI), Technical University of Madrid, 28660 Madrid, Spain
(e-mail: dopico@fi.upm.es; srodri@fi,upm.es; frosal@fi.upm.es; pedraza@
fiupm.es),
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to provide distance learning and automatic evaluation, and
for conducting laboratory experiments, have been considered.
For example, [1] shows an environment to share theoretical
materia] at a distance education university. Another use of Web
technology that obviates classrooms by allowing asynchronous
interaction between students and the instructor is described in
[2]. Some attempts have been made in the area of automatic
assessment, but always focusing on specific topics. For in-
stance, [3] and [4] present two systems for filling Web-based
test questionnaires.

Generally, when considering the introduction of laboratory
work in distance education, new problems have to be solved.

- The time spent by teachers on settling student doubts will in-

crease, especially if the number of students is high, Laboratory
work will also be harder to evaluate than theoretical material.
The TRAKLA! system, shown in [5]-[7], is an environment for
automatically evaluating smali programming exercises. How-
ever, it does not seem to be usable for larger exercises or for
small projects,

‘There are several motivations for proposing small projects as
the basis of the practical part of engineering courses.

1) Any such course involves many interrelated concepts.

2) Setting small projects as laboratory work brings students
closer to real-world working practices. In this case,
each proposal should be a small self-contained project
described in a specification document delivered to the
students,

3) Small projects avoid otherwise needed exercise personal-
ization, Teachers are aware that the shorter the exercise,
the less freedom students have. When short exercises are
proposed, especially in distance education, the sclutions
provided by different students when personalization is al-
lowed will result in nonidentical solutions.

Consequently, students are asked to develop a few small projects
instead of numerous exercises.

At the Computer Architecture Department of the Technical
University of Madrid (UPM), Madrid, Spain, instructors teach
several topics to about 400 students per course. Most students
have to do at least one of the Jaboratory exercises during their
second, third, and fourth years, This environment cleariy falls
into the class of mass courses, which led this department to
tackle the problem in 1994, At that time, a set of tools was being
developed, allowing students to get information automatically
about the achievement and the overall quality of their respec-
tive laboratory exercises. In this environment, teachers should

IThe name comes from the Finnish acronym “TictoraKentect ja Algoritmit;
KotiLaskujen Arvostelw,” which incans “Data Structures and Algorithms;
Homework Exercises Assessment.”

0018-9355/$20.00 © 20035 IEEE
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act more like advisors than lecturers, Teachers provide students
with guidance for understanding and addressing the specified
problem and focus their effosts on solving the problems they
encounter. Another important job for the teacher is to provide
students with feedback to help them learn working methods.

These proposed laboratory cxercises~help students to
learn different computer-architecture-related and  oper-
ating-system-related topics. These topics range from computer
arithmetic to the development of a reduced shell interpreter.
They include management of data structures in assembly Ian-
guage, input/output (/O) techniques, interrupts and exceptions,
microprogramming, and shell script programming. Each of the
laboratory exercisgs proposed is a small self-contained project
described in a specification document delivered to the students,
Students are provided with this document, and they have o
understand it fully to pass this part of the subject.

Students are notified in advance of the assessment criteria.
Their laboratory work will be checked against a battery of tests
that it has to pass, Manual checking of each student’s laboratory

exercise is not pessible because it would take an unreasonable

amount of time. Moreover, all students would have to be allowed
to interact with the teacher to coirect the emors before being
given another chance.

In 1993, before this group started to develop the tools de-
scribed in this paper, the authors gathered a considerable amount
of statistical information about the laboratory work performed
by the students, From the analysis of this data, some weaknesses
in student laboratory work results were observed, especially on
three points.

1} The definition of the practical work was subject to no con-
straints. This lack of constraints sometimes led teachers
to provide an incomplete specification, Then, students did
not fully understand what they had to do. In the worst case,
some students were even unable to solve the set exercise.

2} Students did not think enough about the construction of a
battery of tests to check properly the results of the labo-
ratory work themselves.

3) Students did not debug the code. As a consequence, they
did not acquire the expected experience on how to debug
programs. .

The authors decided to get involved in the definition and de-
velopment of automatic management tools for computer science
and engineering laboratory work environments, The only alter-
native to this kind of automatic management tools would have
been to reduce the number or the depth of some or all of the
laboratory exercises. Unfortunately, this solution would mean
that students would not acquire the knowledge that they were
expected to have in the long term,

In this paper, the authors describe in detail a new set of tools
that makes use of the Worldwide Web for remote education and
automatic assessment. Even though some work has been done
in the field of distance education for mass courses, no other tool
allowing the management of small projects has been reported.
The objective of these tools is to help educators to provide a
good laboratory education experience without consuming too
many resources.

IT. COMPUTER ARCHITECTURE AND OPERATING SYSTEMS
LABORATORY WORK

Computer architecture covers many conceptual topics that are
difficult to leam without performing some practical work. The
proposed laboratory work concerns the following aspects:

s Assembly language programming: The objective is to ac-
quire hands-on knowledge of the actual programming lan-
guage understood by the computer. An emulator of the
easy-to-program mc88110 Reduced Instruction Set Com-
puters (RISC) processer described in [8], [9] is used.

» Microprogramming: The objective is to get a global view

of internal computer operation and of the connections be-
tween its functional units.
I/0 system: The student will do this work by programming
two interconnected serial ports under different simulated
conditions using interrupts. An emulator of the mc63000
processor [10] is used.

s Cache memory: The objective is to experiment with the
basis of hierarchical memory systems, particularly cache
memories, their fundamentals, and how they work. This
exercise is carried out using the same mc88110 emulator
as mentioned previously.

The objective within the operating system subjects is for the
students to learn how the operating system is designed and how
to use its services. The proposed laboratory exercises are listed
hereafter,

* C programming language: Students will develop pro-
grams using this extended language, which will be
needed in other laboratory exercises.

¢ Command shell: Students have to design and code a com-
mand interpreter. This project ensures that students in-
teract with the most important operating system services.

« Kernel additions: Students have to modify an open-source
operating system kernel (Linux) to provide it with ex-
tended functionality. They also have to analyze the
memory manager behavior.

Each of the laboratory exercises briefly described previously
is a self-contained project to be completed by the student.
These projects cannot be personalized, primarily because of
the number of students taking- the course. In such situations,
personalization would require considerable staff power, which
is not usually available.

III. LABORATORY WORK ENVIRONMENT

Animportant problem found in environments in which alarge
number of students have to complete small projects, or even
exercises, is their evaluation, as [7] shows. This problem re-
sults from the large number of human resources needed, making
evaluation impractical, The only affordable way to tackle this
problem is to introduce automatic project management and eval-
uation tools. -

The authors developed several such tools to assist teachers.
Students make use of these tools by means of a standard Web
interface. The most important starting points considered during
the design refer to the need to make material and instructors
available to students, as explained hereafter.
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Fig. I. Laboratory work automation environment,

+ Material accessibility: Project specifications can be down-
loaded from the department Website and also be available
as printed matter.

* Instructor accessibility: Students can ask teachers for
help, beth by e-mail or perscnally. The students are
encouraged 10 use e-mail because it saves time. This
practice makes students more conscious of the impor-
tance of writing good descriptions of their problems, It
also contributes to the development of a frequently asked
questions (FAQ) file containing student questions and
teacher explanations that will be later consulted by other
students coming across the same kind of problems.

The main set of tools forming this environment is listed as
follows:

1) Student files delivery agent: Students use this software
too! to send electronic versions of their completed work
to the instructor responsible for the laboratory exercise.
When their projects have been antomatically evaluated,
they can also use this same delivery tool to get the results
of their evaluation, The student can use this tool at any
time during the period assigned to a specific laboratory
exercise.

2) Automatic project evaluator: This tool has to be config-
ured initiatly, and a maximum number of available evalu-
ations per student must be defined. Once configured, this
tool executes a set of achievement and quality tests for
each student laboratory exercise entitled to evaluation, It
determines which tests the work passes and which ones it
fails, giving an indication of the reasons for each failure.
Students can use the delivery agent to get the results ob-
tained by their laboratory work after this evaluation. These
results usually give them enough feedback to revise, think
again, and correct their laboratory work. In this way, they
can leamn from their own mistakes. This tool can be started
as either an immediate response to the reception of a stu-

Automatic Assessment System

dent laboratory exercise, or alternatively, it can be exe-
cuted at specific times during the pericd in which students
are developing their projects.

Plagiarism detection assistant: An unpleasant but impor-
tant problem is plagiarism among students completing
the same laboratory work, This problem is almost directly
derived from the large number of students enrolled at the
same time in the same course. Some students have the
wrong idea about the possibility of their unauthorized
copies being detected. The plagiarism detection assistant
compares each laboratory work against all the others,
giving an estimation of their similarities. Analyzing the
most similar pairs, teachers can locate plagiarism, if any,
and act accordingly.

The following sections describe the main aspects of the three
modules forming the core of this laboratory work automation
environment: student files delivery agent, automatic project
evaluator, and plagiarism detection assistant. The relation
among different components of the environment is shown in
Fig. 1.

D

A, Students File Delivery Agent

The delivery agent module consists of a client and a server
program, They jointly allow students to establish contact, from
any Internet-access-equipped computer, with the department
machine used as the host of the laboratory work automation
envirenment, The client can be a small and specific program
provided to the students, or it can be a conventional Web
browser.

The server is permanently running on one of the department
hosts. It is configured for each laboratory exercise. One aspect
of the:configuration of this server is to provide the list of all
students allowed to carry out the laboratory work in question.
Only the students on the list can successfully interact with the
server. This security option prevents undesired accesses. How-
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Fig. 2. Laboratory environment: Web interface,

ever, more flexible access is sometimes convenient and, if so,
can be provided by creating a generic student entry in the list.

Once the student has established contact with the server, sev-
eral actions can be taken by selecting the appropriate menu op-
tion. Available options for one of the courses are shown in Fig. 2,
representing the user interface available for the students.

In Fig. 2, the first option aliows the student or group? to send
its lecally stored version of the previously established files. The
second option lets the student view the evaluation results of
previously submitted files in the same window. This option is
shown in Fig. 2 with a tool tip in front of it. The next option
lets the student download the evaluation results file. The stu-
dent connected to this Web page can alsc cancel the antomatic
evaluation of a previously delivered set of files (a deposir). This
option has been made available because in nearly.all of the labo-
ratory work, only & limited number of automatic evaluations per
student is allowed. If the students find an error in their files and
prefer not to have their work evaluated yet, they can make use
of this option. On the other hand, if students get an acceptable
result from the system (for instance, all the tests are passed),
they can block further deposits on their account. This option
cannot be changed; therefore, if it is selected by mistake, the
student should contact the teacher directly. The purpose of the
last three options available on this page is clearly indicated by
their respective menu titles: get help, get the latest general news
about the laboratory exercise, and terminate the session with the
server, This last option is provided for security reasons to pre-
vent other users from interacting with the system on behalf of
the student who has just finished his or her session.

25tudents are allowed to do the work necessary to complets their projects in
groups of no more than two or three people. From now on, the tem “student”
will be used to refer to either an individual student or a group of students col-
laborating on the same exercise.

In this department, every laboratory exercise has an instructor
who is responsible for its management. The delivery agent pro-
vides this instructor with several tools or utilities. One such
utility is the continuous generation of a log file in which all the
established connections are registered. Every student connec-
tion adds several lines to this log file, including the login name,
the name or ip-address of its local computer, and the time at
which each action was taken, A fragment of alog file is shown
in Fig. 3.

Besides the global log file, the laboratory work automation
environment stores a copy of all the files provided by each reg-
istered student and the respective result file obtained during the
evaluation, including files whose previous deposit. was already
canceled.

There are several reasons why all this information is stored
about every student history. Probably the most important one is
to allow both the teacher and students to solve possible minor
conflicts when they hold different viewpoints about specific
facts related to the work evaluation, Finally, all the available in-
formation that can be taken into consideration is very important
when a student is suspected of plagiarism.

B. Automatic Profect Evaluator

Mass courses requiring laboratory exercises would need a
sizeable number of human resources to help students achieve the
objectives. This problem was tackled using the constructivism
paradigm for laboratory work [5), [11]. The main idea is to get
students to learn by themselves and to build up their knowl-
edge. This approach, as opposed to objectivism, requires major
changes in how teachers and students understand the teaching
process. The teacher is considered to be an advisor, who must
be available to solve the problems encountered by the students
when they are solving the laboratory exercise.
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Fig. 3. Global log file fragment,

‘This schema works fine in small groups, where the teacher is
quite close to students, but this approach does not appear valid
for large courses. Obviously, if this approach is to be applied
to mass courses, some kind of automatic laboratory work man-
agement needs to be introduced to help teachers to receive and
assess student work. In addition, it would provide individual in-
formation for each student about the quality of his or her labo-
ratory work.

The automatic project evaluator is a tool for helping teachers
to manage mass laboratory work courses and also for helping
students to achieve their objectives. It works from a set of pre-
defined tests, which are executed for every laboratory exercise
of every student. For each exercise, it writes a text file recording
which tests the exercise successfully passed and which tests it
failed, Afterwards, students can access this file using the de-
livery agent and be informed about the quallty of their labora-
tory work.

The objectives set for students regarding the laboratory ex-
ercises can be summarized by considering that after finishing
the laboratory exercise, they should be able to perform the fol-
lowing tasks:

* to interpret the specification and to design a program ac-
cording to this specification;

« to build their own set of tests to check their own work;

* to debug their program;

* to work in collaborative environments with other col-
leagues.

To achieve these objectives, students can requestfo try atest a
limited number of times, established by the teacher. Each time a
student asks to do a test, his or her laboratory work is executed
with several input data sets established by the teacher. These
data sets are unknown to students. The limitatior on the number
of tests available for each student is imposed to prevent them
from using the evaluator as a debugger, ruling out trial and error.
In this way, students are encouraged to debug their laboratory
work to assure, as far as possible, that it works as expected, To
carry out this debugging, they need to design and build a set of
tests according to the specification provided. They will execute
their Jaboratory work with their own input data sets because they
do not know the input data set established by teachers.

‘DEPOSIT (ERRCR).
DEPOSIT CANCEL (OK) Submission error

REGISTERING (CK) [batman.fl.upm.es]
LOGIN (ERROR) Invalid Password [batman.fi.upm.es]
LOGIN (OK) ([batman.£i.upm.es]

File buffer.s: Invalid format error

LOGIN {OK} [batman.fi.upm.eal

DEPOSIT - (OK) [batman.fi.upm.es]

LOGOUT (OK) [batman.fi.upm.es]

REGISTERING (ERROR) Unknown authors [212.166.139.183]

The evaluator is executed at predefined daily times known to
the students. Every time students want to check their laboratory
work, they have to submit the files using the delivery agent pro-

* vided by the department. In this way, students will be automati-

cally registered by the system, and their laboratory work will be
tested the next time the evaluator is activated, usually overnight.
Every laboratory assignment to be automatically evaluated
has to be configured for a set of tests prepared by the teacher.
Every test definition consists of the following four elements,

1) Configuration file: It defines the data set to be analyzed
once the test has been run: the subset.of the processor
registers, several memory addresses, etc.

2) Test input data file: It contains both the calling program
and the input data set that has to be provided for the test.

3) Correct results file: This file contains the results that the
teacher expects to get from the execution of the student
laboratory work.

4) Error message file: 1t contains the text message to be
provided to the student if the test is not accepted by the
evaluator. This message will contain both predefined and
run-time-generated information that will help the student
to find the error.

The set of tests established to evalvate laboratory work should
cover the whole specification provided by the teacher. Each in-
dividual test can be assigned a given level so that there may be
compulsory and optional tests, If a compulsory test is not suc-
cessfully passed, then the complete laboratory work cannot be
passed, However, some optional, usually more complex tests,
are used to determine the student’s final grade.

When students retrieve the results file, they have to look for.
errors, The description of the error found in the student labora-
tory work depends on how complex the associated test is. Gen-
erally, a description of the test is reported, and it suggests the
type of the error found—for example, an infinite loop, a memory
content error, or an undesired exception, For example, when-
ever a memory buffer contains the wrong results for a test, the
evaluator provides the student with a description of the error.
It includes both the wrong data found and the correct data that
should be there. Students try to fix the described errors using
this feedback. If they are unable to locate the error, they can ask
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the teacher for help personzlly or by e-mail, Experience shows
that most of the questions answered by the teacher are related
to misconceptions. For example, teachers answered 190 e-mail
questions in the last /O laboratory work. Of these, 70% were
related to misconceptions about the basis of I/O; less than 1%
were a result of laboratory work documemag’un problems; and
the remainder were results of several aspects, including course
organization. The small number of documentation-related ques-
tions is worth mentioning.

C. Plagiarism Detection Assistant

The number of students having to complete each laboratory
exercise has anothef unfortunate consequence; it raises the
chances of plagiarism. Because of the number of students
concerned, some of them think plagiarism is impossible to
detect, as described in [12]. To detect students trying to exploit
other people’s efforts to complete their exercises, a plagiarism
detector assistant has been added to the environment,

The plagiarism detector runs on a department computer in-
dependently of the evaluator, and it can be run before or after
the exercise has been evaluated. This tool makes an exhaustive
search comparing each student file set with all the other ones,
including similar exercises from previous years. According to
this procedure, the number of pairs for comparison can easily
grow. However, with the current computational power, even on
a standard PC, the tool can do its job in a matter of a few hours,

The plagiarism detector can be used for all department labo-
ratory work, irrespective of the programming language used, in-
cluding assembly language and microprogramming sources. To
perform its job, it preprocesses each input file set, finding any
occurrence, of a set of per-language predefined patterns known to
be its primitive building blocks, such as assembler mnemonics,
language reserved words, or standard Library function names. In
this way, it gets a string signature for each input file set. This
signature does not pay attention to basic source changes, such
as variable renaming or modified comments; neither does it take
into account the current source layout. [istead, it focuses on the
underlying logical structure of the program. Students whio donot
know how to do the exercise cannot easily change this structure.
Working with this signature is enough to detect whether any
program fragment has been copied, even if it has been moved
around from its original position,

This tool does not provide certainty of plagiarism but a heuris-
tically ordered list for manual examination for plagiarism. It
cannot be considered as an automatic tool but should be viewed
as a decision assistant because it does not tag plagiarism sus-
pects. Moreover, because of the unpleasant nature and the rele-
vance of this problem, the final decision must always be taken
after careful eye inspection, and plagiarism must only be de-
clared when itis viewed as evident by all the laboratory teachers.
This plagiarism detection methodology has shown iis validity
because every published plagiarisin case has been confirmed as
positive by the students concerned. There may have been some
false-negative cases, i.e., plagiarized works being considered as
original, However, the authors were concerned with minimizing
false-positive cases. Ultimately, publishing detected cases of
plagiarism led students to think twice before trying to submit
a copied work, Unfortunately, these data can be only indirectly

derived from the experience gathered over several years in this
department and cannot be compared with data for other institu-
tions. This situation-is a result of the absence of data published
by other academic groups about plagiarism, mainly because this
information is usually tagged as classified material,

IV. IMPLEMENTATION OF THE AUTOMATED LABORATORY
WORK ENVIRONMENT

Different features of this laboratory work management en-
vironment have been successfully improved several times over
the years in which it has been in use, ranging from the necessary
elimination of some bugs to some increases in its functionality
for both the student and the instructor. The lastimportant change
was the replacement of the previous specific and alphanumeric
student interface by a Web-based interface in accordance with
current trends. This Web-based interface is now standard for stu-
dents.

This section describes some of the most important implemen-
tation aspects of the tools constituting the automated environ-
ment.

A. Student File Delivering and Web Interface

The set of objects on which the laboratory work automation
environment is based has been illustrated in Fig, 1. An example
of one of the Web-based interface pages is shown in Fig. 2. This
interface provides the already logged-in student with a set of
menu entries.

To avoid possible student-server communication intercep-
tions, the login page requires a secure (HTTPS?) protocol.

The student interface has been developed and implemented
based on open source tools to ensure high compatibility with al-
most any Unix computer. Specifically, the Web-based interface
is supported by an Apache Web Server with the PHP+ module
enabled. It communicates with the laboratory work server
through PHP scripts and TCP/IPS sockets. Students identify
themselves by means of a login and password pair. The Apache
Web Server sends this pair to the laboratory work server, where
it is authenticated, allowing or denying entry to the system.
To keep the connection state vp to date, the PHP script uses
the tools provided by the PHP core session manager. Because
the Web session is composed of several TCP/IP connections,
every connection to the laboratory work server is authenticated.
Authentication is based on the user and password pair stored
by the PHP Web session manager, The Web Server acts as a
front end or proxy of the previous laboratory work server, This
version has an alphanumeric user interface which is hidden by
the proxy server.

The first time a student registers with the system, the correct-
ness of his or her identification data is verified by searching a
student’s data file, Once verified, an entry is added to a reg-
istered students file, after which the server provides the client
with a short-lived cookie, identifying the session. This cockie
will be needed to correctly complete any sensitive transaction.

3Most of the acronyms used in this section are well known in the Web com-
munity: HTTPS is the secure version of Hyperteat Transfer Protocol.

PHP is & recursive acronym for PHP Hypertext Preprocessor,
STCP/IP is the standard Transport Control Protocol/Internet Protocol,
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When the cookie validity has expired, or after clicking the QUIT
button, the server will be allowed to provide only generic in-
formation: news and help pages. Student files are uploaded by
means of a POST command (multipart, file-type transfer) of the
HTTPS protocol.

The most important reliability aspect deals with what to do
when communication breaks down, To aveid file deposit errors,
a conservative handshaking protocol is implemented; a trans-
action cannot produce any status modification until it has com-
pletely finished.

B. Automatic Project Evaluator

Automatic project evaluation is based on executing a set of
tests for each laboratory exercise of every student. The labora-
tory work submitted by the student is executed for each test with
an input data set previously established by the teacher. Quiput
data generated by the test is compared with the correct set of
results, already known by the evaluator. Some of the tests are
executed as separate processes, directly unning on a Unix com-
puter. This behavior is observed in the operating system labora-
tory tests, However, computer architecture Iaboratory tests use

an emulator because they are difficult to execute directly ona

computer running in user mode. The evaluator is flexible enough
to manage different programming languages and even different
programming paradigms.

A test is usually executed in batch mode, which is done by
building a program with the student laboratory work and the
main function provided by the teacher. This execution is pre-
pared in such a way that it will make calls to the student func-
tions. For example, if the test is to be directly executed as a Unix
process, the command for starting it, will be as follows:

Lab.work.name<input.data>results. )

On the other hand, if using an emulator, the command to be
executed will be as follows: '

Emulator < input.datatstudent.coda > results,

‘The automatic project evaluator is atool developed using both
scripting language and compiled C programs,

C. Plagiarism Detection Assistant

This tool works on the basis of the set of signatures found for
each student input file set, The detection assistant is a C pro-
gram that compares each signature with all the others, evalu-
ating four different similarity-related criteria for cach pair: the
first criterion gives the size of the longer sequence of patterns
common to both files, the second one calculates the cumulative
value of the size of all the common sequences of pattems, the
third gives a normalized value of the second as a percentage of
its hypothetical maximum, and the fourth counts the number of
patterns common to both files, irrespective of their relative po-
sitions, giving a normalized result. In other words, it gives the
percentage of intersection between the histograms of their re-
spective patterns,
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The detector generates a file with a line for each compared
pair with the four similarity measures. When this file is sorted
by each criterion, it provides teachers with hints about the stu-
dent file pairs more likely to contain similar code fragments, De-
pending on the number of students and the number of previous
similar exercises in the repository, the total of compared pairs
can easily reach a quarter of million. Usually, however, only the
first 30 entries per criterion are used for inspection, Therefore,
although these represent only an insignificant part of the total,
they are enough to find positive cases and to decide when to stop.
This explanation gives an idea of the soundness of this tool.

V. RESULTS AND EXPERIENCES

The benefits gained by students using these tools have been
analyzed. On the basis of the experience acquired over the last
three years, both in assembly language programming (ALP) and
in IO laboratory work, the authors have some measures as-
serting these benefits. Figs. 4 and 5, and Table I show a sum-
mary of the learning results achieved.

Table I shows the number of students used to compute Figs. 4
and 5. For example, in 2001, and considering the first correction
of the /O laboratory work, the evalvation was carried out for
381 students, In the second correction of the same laboratory
work, 364 students were evaluated, These results mean that 17
out of 381 students used the evaluation tool just once, probably
because they passed all of the tests.

Fig. 4 shows the average percentage of tests passed at each
of the chances students have to use the automatic evaluator. At
the first try, students pass on average under 50% of the tests, but
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TABLE 1
NUMBER OF SAMPLES USED FOR EVALUATION RESULTS

vo | vo | vo | ALP [ ALP | ALP
2001 | 2002 | 2003 | 2001 { 2002 | 2003
Fist | 381 | 362 | 355 | 377 | 274 | 304
Second | 364 | 349 | 349 | 367 [-270 | 287
Third | 328 | 320 | 325 | 330 | 247 | 214
Fouth | 279 | 243 { 282 | 218 | 194 | 230
Finh | 182 | 109 | 179 | 99 | 12t | 133
Sixth not available 29 58 83

Seventh “not available 2 31 a1

-

finally, after the last try, the pass rate is over 95%.5 Looking at
the first three attempts, the authors find that the pass rate rises
by 50% at the second correction and almost 100% at the third
one. This evolution shows that the feedback provided by the au-
tomatic evaluation tool helps students to achieve the main lab-
oratory work objective—to learn the principles of ALP or /O
techniques.

In this environment, students start the laboratory work with
a previously established maximum number of allowed correc-
tions or evaluation attempts, Each student can use from one to
a maximum of such corrections. Fig. 5 shows the average per-
centage of students who use a given comection. Obviously, all
students use their first correction, but less than 50% use the fifth
one. This figure provides an indication of how difficult a spe-
cific laboratory exercise is, One has to take into account that a
student can make use of the last correction and achieve the ob-
Jjective. About 85% of all students usually pass the laboratory
work in the number of opportunities provided by the teacher.

The authors find that ALP laboratory exércises provide better
results than KO laboratory work, i.e., students pass more tests
and do so earlier. There are several reasons for this result; 1/O
involves students acquiring more complex concepts, such as
asynchronous events or even race conditions. Another reason,
which is very specific to this course organization, stems from
this first use of ALP programming in the first laboratory exercise
in which students have to interact with an automatic manage-
ment environment, Therefore, students have to be given o higher
number of available corrections for this laboratory work than for
the I/O exercise, where students are already familiar with the
methodology to be used to complete the laboratory work,

The impact of the plagiarism detection tool can be analyzed
with respect to the number of confirmed cases of plagiarism.
Fig. 6 shows the evolution of plagiarism detected over the last
three academic years in different laboratory exercises carried
out in different courses, The laboratory work in question be-
longs to two different courses of operating systems, both of
which deal with mini-shell programming (MSH) exercises. The
third exercise is part of the computer structure laboratory course,
and it handles ALP.

Notably, a lower percentage of plagiarism is usually detected
in ALP (about 4% to 5%), Less detection of plagiarism is prob-
ably a result of the important specification changes made to this

SNot ali the tests need to be passed to pass the course.

laboratory exercise in each new academic year. The value for the
other laboratory exercises is usuaily under 10% of plagiarism,
From previous experience in this environment, the authors con-
sider this figure to be good, especially realizing that the work
1o be done by students is almost the same, or cven exactly the
same, every ycar.

V1. CONCLUSION

An automatic management environment for laboratory work
used at the Computer Engineering School of UPM has been pre-
sented. This environment is currently used to cover the practical

_ part of teaching basic and advanced courses of computer archi-

tecture at the Department of Computer Systems Architecture
and Technology, where there are more than 400 students and
several laboratory exercises per year.

The only affordable way of managing these mass courses has
been to use automation to assist instructors, There are other op-
tions, such as limiting the number of laboratory exercises, set-
ting very simple exercises, or not checking result correctness;
Al of them lead to poor guality laboratory work and also re-
duce student learning options. Consequently, several tools have

*been developed to automate laboratory work management.

This environment has proved to be useful not only for mass
courses but also for distance education. Students can interact
with teachers, but they can also directly interact with the eval-
uation system through the delivery agent. This system is used
for students to send their laboratory work files and get back the
results. Students do not need to be at the school; they can work
from elsewhere.

The automatic project evaluator exhaustively tests the cor-
rectness of each student laboratory exercise. The teacher pro-
vides a set of tests that try to cover the whole specification. Each
failed test gives students enough feedback to correct their labo-
ratory work and to learn from their mistakes,

Teaching experience has confirmed that there are always
some students trying to pass the laboratory excrcises without
doing their work, by copying from other students. This plagia-
rism detector has been so effective that the authors can even
conclude that it has dissuaded students from copying. Proof
of this fact is that there are fewer students trying to deceive
instructors each year.

With an automatic laboratory work management envi-
ronment, the instructors have been able to maintain several
high-quality projects per year, while being able to evaluate the
correctness of the results of all students.

This experience shows that students achieve the leamning ob-
jectives even when they are part of a mass course. This con-
clusion can be derived from Figs. 4 and 5, which illustrate the
learning curves followed by students, At the beginning of the
laboratory work, students usually pass only a few of the tests.
However, these students who start their Jaboratory work early
achieve better final results.” At the end, most of the students are
able to pass all the tests. Passing assures that they have acquired
the main concepts related to the laboratory work.

"o encourage students to mect the deadline, teachers aliow them o use a free
evaluation, The evaluator is configured so that if it is used easly in the available
period, students will not consume any of the limited number of attempts.
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Plaglarism % found in the last four courses.

Absclute numbers of plagiarized/presented works on top of each column.
Fig. 6. Evolution of detected plagiarism,

This conclusion is also supported by the following data.

* ALP laboratory work (June 2002). The automatic evalu-

ator worked with a set of 54 tests.

—90% of students starting the laboratory exercise early in
the course passed all the tests.

—50% of students starting the laboratory work late passed
all the tests. These students did not use the free evalu-
atjon avatlable at the beginning of the faboratory work
period. '

—~Jointly, 68% of students passed all the tests in the al-
lotted time.

* I/O laboratory work (February 2002). The automatic eval-

uator worked with a set of 45 tests.

—19% of students starting the laboratory exercise early

in the course passed all the tests.

—49% of students starting the laboratory work late

passed all the tests.

—Jointly, 69% of students passed ail the tests in the al-

lotted time,

The free early evaluation is the only unusual action taken by
teachers. No additional schedule is imposed con students who
are allowed to use the limited number of previously established
evaluations. This approach allows students to plan their work on
the project as is done in real-world working practices.

In summary, this automated environment has proved to
be very useful for managing mass courses and even distance
education. Students using this environment are much more
autonomous. They can use received feedback to think about
their mistakes and to learn by themselves, The environment also
makes it easier for instructors to be conscious of the importance
of developing good specification documents. Jt will be better
for students and also will prevent teachers from having to spend
time answering unnecessary questions.

The realization that different laboratory exercises use the
same automated environment proves its flexibility. Currently,

it is used to cover the practical part of microprogramming,
shell scripting, assembly language, I/O, and C programming.
It can also be used to manage practical exercises for other
programming languages, even object-oriented languages, such
as Ada or C++.

By using the described environment, a larger number of stu-
dents are receiving better technical education without having to
increment the academic load of teachers.
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Envisioning Intelligent
Information Technologies
through the Prism of
Web Intelligence

Users and budinesses alike get to turn their raw
data into new Jcience, technology, and money.

By NING ZHONG, JIMING L1u, AND YIYU YAO

ntelligent  information
technologies (ilT) focus on
Web intelligence (W1I),
emphasizing the hybridiza-
ton of techniques, along

w with multi-phase, distrib-

— i"ﬁ"
uted, and parallel processing. WI promises use-
ful contributions to e-business intelligence and
other Web-based technologies, including e-
finance, e-science, e-learning, and e-service,
and represents a significanc benefit in IT devel-

opment [9, 10, 12]. Although many IT tech-
niques have been developed for intelligent
information processing, even the most
advanced are not yet mature enough to solve
complex real-world problems. iIT can be
regarded as the new generation of IT, encom-
passing the theoties and applications of artificial
intelligence (AI), pattern recognition, learning
theory, data warehousing, data mining, knowl-
edge discovery, grid computing, ubiquitous
computing, autonomous agents, and muld-
agent systems in the context of IT applications
(such as e-commerce, business intelligence,
social intelligence, knowledge grid, and knowl-
edge community).

When investigating the future of IT, the
computer science community should adopt'an
iIT perspective for several reasons. First, living
in an information age, we are constantly devel-
oping new information media and technologies.
Even personal information has become an
important commodity. Enormous numbers of
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new data records are generated cvery second of every
day. It must be summarized and synthesized to sup-
port problem solving and decision making in busi-
ness, science; government, and university
organizations. The continued growth of related data
collection efforts ensures that the fundamental prob-
lem addressed by ilT—how one understands and uses
one’s dara—will continue 1o be critical.

In the recent sea change computer scientists have

The W4 generation

will enable us to gain
practical wisdom simply
from living, working,
and playing, in addition
to conventional
information search and
knowledge queries.

experienced in Al research, it is now more common
to build on existing theories than propose new ones,
base claims on rigorous theorems or hard experimen-
tal evidence rather than on intuition, and be relevant
to real-world rather than oy applications. ilT is an
interdisciplinary field. Solving real-world problems
involves techniques developed not only in the Al
community but in other related communities, includ-
ing statistics, cognitive science, and neuroscience. ilT
also facilitates development of human and social
intelligence.

Dara is the source of human knowledge. By ana-
lyzing and using it, software engineers are able to do
two things:

90 March 2007/Vol. 50, No. 3 COMMUMNICATIONS OF THE ACM

* Turn ic into new science and technology, helping
discover new scientific laws, protect and develop
the environment in which we all live, and facili-
tate development of new science and technology;
and

» Turn it inte money, using it to make strategic and
tactical business decisions, win new customers,
retain existing customers, and reduce the cost
(and waste) of doing business.

A key ilT characteristic is the ability to combine
Al, computational intelligence, W1, and intelligent
agents in the design and implementation of intelli-
gent Web-based information systems [10]. ilT devel-
opment should thus be based on three main factors:

» New requirements for real-world applications
(such as those in e-business, including e-com-
merce, e-finance, e-service, e-science, e-learning,
e-government, and e-community);

* New architectures and methods for dara reposito-
ries and data mining applications that satisfy
these requirements; and

¢ New platforms and methods for large-scale dis-
tributed data sources that satisfy these require-

ments.

he key is being able 1o
deal with the scalability
and complexity of real-
world problems. Doing
p so involves at least three
hact i major  development
methodologies: The first is hybridization, which opti-
mally utilizes the advantages of existing methods
(such as logic, including nonclassical. logic, artificial
neural networks, probabilistic and staristical reason-
ing, fuzzy sets, rough sets, and genetic algorithms).
Next is multi-phase process, or the methodology
needed to solve complex real-world problems. Any
future information system will have to integrate mul-
tiple subsystems. Processing information in them will
not necessarily follow a well-defined linear sequence.
Their operation involves multiple interrelated, per-
haps iterative, phases. The dynamic organization of
these phases is crucial to a syster’s viability.
'The third is distributed and parallel processing.
The Web's distributed, decentralized control means
distributed and parallel processing is a must for the
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next generation of IT, Grid computing makes this a
relatively easy task. The full potentiat of distributed
and parallel processing must be realized in new-gener-
ation information processing systems.

IN Data MINING

The three methodologies—hybridization, multi-
phase process, and distributed and parallel process-
ing—have been cited in many studies of intelligent
agents, WI, and dawa mining. Their applicarion is
illustrated in the field of data mining. Data mining
may be viewed as an interdisciplinary field combin-
ing results from many other fields. In order to sys-
tematically deal with real-world data, a useful
methodology involves constructing a hybrid system
for data mining-related processes (such as dara selec-
tion, feature extraction and reduction, knowledge
discovery, and visualization).

Data mining usually involves multiple steps,
including data preparation, preprocessing, search for
hypothesis generation, pattern formation, knowledge
cvaluation, representation, refinement, and manage-
ment. It may also be iterative until the mined resulc is
satisfactory for the user’s purpose [2, 11]. As different
types and sizes (gigabytes or even terabytes) of data are
accumulated on multiple sites in large organizations,
a particular user may need to access many dam
sources. The system must therefore support distrib-
uted mining, combining partial results into a mean-
ingful whole.

How WI RepRESENTS IIT

The study of WI, introduced in [3, 9, 10, 12}
explores the fundamental roles and practical effect of
Al' (such as knowledge representation, planning,
knowledge discovery and dara mining, intelligent
agents, and social network intelligence), as well as
advanced IT (such as wireless networks, ubiquitous
devices, social networks, and data/knowledge grids)
on next-generation Web-based products, systems,
services, and activities. On the one hand, WT applies
resuls from existing disciplines to a toully new
domain. On the other, WI introduces new problems
and challenges to the established disciplines. W1 may
be viewed as an enhancement and/or extension of Al
and IT.

Internet computing research and development in
the next decade will be Wi-centric, focusing on how
o best use widely available Web connectivity. The
new WI technologies will aim to sadsfy five main
post-industrial human needs [5]:

Here the term Al includes all aspects of iIT,

* Informarion empowerment;

* Knowledge sharing;

* Virtual social communities;

* Service enrichment; and

* Practical wisdom development.

One promising paradigm shift on the Web will be
driven by the notion of wisdom, and developing.the
World Wide Wisdom Web (the Wisdom Web, or
W4) will be a tangible goal for WI research [5]. The
W4 generation will enable us to gain practical wisdom
simply from living, working, and playing, in addition
to conventional information search and knowledge
queries.

W1 has great potential as a key iIT in intelligent
enterprise portals for e-business intelligence, enabling
organizations to create a virtual enterprise where pro-
duction steps are outsourced to multple partners.
Many organizations today implement a corporate
portal first, then grow it into more of an intelligent
B2B portal. By using a portal to link back-end enter-
prise systems, an organization can manage the com-
plex interactions of its virtual enterprise partners
through all phases of the value and supply chain.

Developing intelligent enterprise portals involves a
deep understanding of both centralized and diserib-
uted information structures on the Web. Informarion

and knowledge on the Web are either globally distrib--

uted via the multlayer infrastructure of Web proto-
cols or located locally, centralized on an intelligent
portal providing Web services, However, neither
approach is perfect. As pointed out in [1], the intelli-
gent portal approach limits the uniformity of data for-
mats and access, while the global semantic Web
approach faces limitations involving combinational
complexity.

Addressing ‘these issues involves developing and
using a Web-bascd problem-solving system for portal-
centralized, query-answering intelligent Web services
and decision making [9]. The core of such a system is
the Problem Solver Markup Language (PSML)—
designed to represent multiple information for Web-
based problem solving—-and PSML-based distributed
Web inference engines [5]. When developing intelli-
gent portals based on WI technologies, PSML must
provide the following support functions:

* Expressive power and functional support for com-
plex adaptive, distributed problem solving;

* Automatic reasoning on the Web by incorporat-
ing globally distributed content and metaknowl-
edge automatically collected from the Semantic
Web and from social networks with local data-
bases and knowledge bases;

COMMUNICATIONS OF THEACM March 2007/Val. 56, No. 3 21



s |58 )R

EHPEAR

el
S
T

IR A BB EE

FHRl + RAVEER
B B AR

B TR 2t 4 S R TR
.l

]
P . g "

F
»

H TR Sl U
LR "K‘J_‘;‘?ﬁ;-.}m L Fand Eg

ngelogies|d  {Ompologies| ritologies

14

T "—.. -,L‘U:':' e -"r‘.‘- KD_%'_S‘EI':ﬁEéS‘-
o

T 4

%’ F wdd PG ORA

2 BF

oy

LDy e anagerd )

AT ~ 'u.-l"ﬁ,".'.p ¥ Cev o oL 2-"4;’ #.
o Mg oy fansge i (2 5 T
T iy n f‘ -Q%M 2

s e VR e o LM A

T CRREL TN | LA
AN Knowlsdze.-.ﬂqmmmse&'ﬂ;zﬁ, et

o, T e h“;vx
e e i s R e Tl
2 WG ridibated Middiaware

; u"@-’:{é’»‘f}' il el T T
iy b

: pavy

“i e
i

Bk *%’-}“ﬁ;ﬁgﬁa Multi-database mining grid architecture on
’ the Wisdom Web for an e-business portal.
i s :;'"::lp- ‘;:

Y
3

wF R e S
T _:E‘_:;‘

"

£ farming, the ontology-based
*3 search engine/question-answer-
ing system, personalized recom-
mendation, and automatic email
filtering and management) [9,
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* Representation and organization of multiple
data/knowledge sources for distributed Web
inference and reasoning;

» Combined reasoning methods; and

» Personalized models of user behavior, dynamically
representing and managing it.

One way to begin to implement a PSML is to use
a Prolog-like logic language with agent technologies.
In our 2004 experiments we used a knowledge acqui-
sition and utilization system (KAUS) to represent
local information sources, as well as for inference and
reasoning, KAUS is a knowledge management system
involving databases and knowledge based on an
extended first-order predicate_logic and data model
[6). KAUS enables representation of knowledge and
data in the first-order logic with data structure for
inference and reasoning, as well as for transforming
and managing knowledge and dara.

Using an information-transformation approach
helps developers combine the Web’s dynamic, global
information sources with local information sources in
an enterprise portal for decision making and e-busi-
ness intelligence.

Targeted telemarketing (also called direct market-
ing) is a new marketing strategy for e-business intelli-
gence [8] that integrates Web-based direct marketing
with other WI functions (such as Web mining and
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scale on the Web. Web farming
extends Web mining into infor-
mation analysis for Web-based
information, including seeding,
} breeding, gathering, harvesting,
'{ and refining [4].
/ Customer data can be
*«’i:‘ff, obtained from muldple customer
: 1 touchpoints. In response, multi-
ple data sources, including the
Web, wireless communication and devices, call cen-
ter, and brick-and-mortar store data, should be inte-
grated into a single data warchouse to provide a view
of customers, including their personal preferences,
interests, and expectations. A multi-strategy, multi-
agent data mining framework is required for the
related analysis [11].

The main reason for developing 2 multi-agenc dara
mining system is that various data mining agents
must be able to cooperate in the multi-step data min-
ing process, performing multi-aspect analysis, as well
as multi-level conceptual abstraction and learning,
Another reason is that a data mining task is decom-
posed into sub-tasks. They can be solved using one or
more data mining agents distributed over different
computers. The decomposition problem leads devel-
opers to the challenge of distributed cooperative sys-
tem design.

A new infrastructure and platform is also needed as
middleware to enable Web-based direct markering for
multi-aspect analysis from multiple data sources. One
way to perform this direct marketing is to create a grid-
based, organized society of data mining agents, or dam
mining grid, on the grid computing platform (such as
the Globus toolkit) [3]. Various data mining agents are
used for multi-aspect data analysis and targeted mar-
keting tasks; they are organized into a grid with muléi-
layer components (such as data grid, mining grid, and

;
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knowledge grid) under the Open Grid Services Archi-
tecture, which responds to user queries by transforming
them into dam mining methodologies and discovering
resources and information about them,

Computer scientists are able to use a conceptual
model with three levels of dynamic workflows—dara
flow, mining flow, and knowledge flow—correspond-
ing to the Grid with three layers—dara grid, mining
grid, and knowledge grid—in order to manage dam
mining agents for multi-aspect analysis in distributed,
multiple data sources. The workflows are also usefil
for dynamically organizing status-based business
processes, using ontologies to describe and integrate
multi-data-source and grid-based dara mining agents
in data mining process planning [11]. They must also
provide the following:

* A formal, explicic specification for the integrated
use of multiple dara sources in a semantic way;

» A conceptual representation of the types and
properties of data and knowledge and data min-
ing agents, as well as the relationships between
data and knowledge and data mining agents;

* A vocabulary of terms and relationships to model
the domain, specifying how to view the data
sources and use data mining agents; and

* A common understanding of multiple dara
sources that can be communicated among grid-
based data mining agents,

The figure here outlines an e-business portal’s use
of an agent-based multi-database mining grid archi-
tecture on the Wisdom Web. The system’s architec-
wre includes two main components: the multi-layer
grid and the Wisdom Web. The multi-agent-based
data mining grid architecture requires at least four
types of meta agents:

Assistant. 'To help e-business users perform various
work activities (such as browsing and sampling
dara and planning data mining process) and ana-
lyzefrefine models on the Wisdom Web;

Interacting. To help users in their cooperative work
activities (such as communication, negotiation,
coordination, and mediation);

Mobile. To help move to global data grid services
and execute within data grids; and

System. To administer multiple data mining agents
to register and manage many components, moni-
tor events and the status of the workspaces and
agent meeting places, and collect relevant mea-
surement following predefined metrics.

In such a muli-agent architecture, agents ase cre-

ated by and perform on behalf of users or other
agents. They aim to achieve modest goals, reflecting
the characteristics of autonomy, interaction, reactivity
to environment, and proactive functions. The main
components of the architecture in the figure interop-
erate in the following ways:

Establish workspaces. In large data mining processes,
groups of people work as teams. Individual e-
businesspeople have their own private workspace,

WI has great
potential as a key

iIT in intelligent
enterprise portals for
e-business intelligence,
enabling organizations
to create a virtual
enterprise where
production steps are
outsourced to
multiple partners.

while the group has a shared workspace. The peo-
ple (or their agents) manage, control, and sched-
ule work, accessing global databases and
distributing daca analysis tasks to the mining grid
based on some resource allocation policy;

Create agents. Data mining agents support the e-
business tasks and the data mining process; inter-
acting agents support communications; mobile
agents support data mining rasks within data
grids; and system agents by default support the
components in the architecture;

AgentMeeringPlaces. AMPs support communication
among agent groups; some system agents (such as

COMMUNICATIONS OF THE ACM  March 2007/Vol, 50, Ne. 3 923
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creation, deletion, and bookkeeping) are created
by default to manage the AMPs;

Repasitories, Repositories are global, local to one
person, to a group of people, or distributed; local
databases and model repositories are accessed
from associated workspaces; global data grids are
accessed only from controlling workspaces; and
maobile agents travel to global data grids and exe-
cate there; and .

Process models. Existing data mining process models
are allowed into a workspace; for example, the
planning and replanning techniques described in

[11] can be applied.

25 T

Jroe e

he idea of e-business
intelligence illustrates
why ic is so important
for developers to study
and use W1 technolo-

.- - gles systematically to
deal with the scalability and complexity of real-world
problems. Using WI technologies to intelligently
manage, analyze, and use information from distrib-
uted data sources is a problem not only in e-business
but in e-science, e-learning, e-government, and all W1
systems and services. Developing enterprise portals
and e-business intelligence is a good example of how
software engineers might try to deliver such func-
tions.

Developing the Wisdom Web represents a tangible
goal for W1 research [5, 10). The paradigm of Wis-
dom Web-based computing aims to provide not only
a medium for seamless information exchange and
knowledge sharing but a type of artificial resource for
sustainable knowledge creation, and scientific and
social evolution. The Wisdom Web is likely to rely on
grid-like service agencies thac self-organize, learn, and
evolve their actions in order to perform service tasks,
as well as maintain their identities and relationships in
communities. They will also cooperate and compete
among themselves in order to oprimize their own, as
well as other, resources and utilities.

A notable rescarch challenge in Wisdom Web-
based computing is how to develop and demonstrate
a ubiquitous agent community, that is, an intelligent
infrastructure that enables agents to look ahead, then
plan and deliver what users want [5], It works like
personal agency; for instance, it can help a user man-
age tedious daily routine activities (such as processing

o4 March 2007/Vol, 50, No, 3 COMMURNICATIONS OF THE ACM

email, placing orders, organizing meetings, and
downloading news).

CONCLUSION

i[T represents a paradigm shift in information pro-
cessing, driven by W1, the Wisdom Web, grid com-
puting, intelligent agents, autonomy-oriented
computing, and other technological forces, WI is
one of the most important of these forces, as well as
a fast-growing il T research field in its own right. il'T
research could yield the new tools and infrastructure

components necessary for creating intelligent portals
throughout the Web. @
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