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In information systems development, there have been consistent efforts to reduce human in-
volvement which causes time, cost, and error in many cases. However, this is difficult and often
impossible to do so. With the increasing importance of collaboration, we proposed the concept of
collaboration intelligence to measure the level of capacity required to achieve a given task while
collaborating with each other. We defined four kinds of intelligence which are human, machine,
interface, and system intelligence to represent the cooperative impact of human and machine ele-
ments in your system. To that end, we developed a mathematical model and analyzed the charac-
teristics of collaboration intelligence. We also performed a simulation analysis for various situa-
tions. According to mathematical model and comparison, we address design guidelines in this

paper.
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1. Introduction

With the thriving applications of World Wide Web, “collaboration” over the Web or
other media is a broad area of research (Brickley 2004) . Applications are wide enough to cover
most of business transactions such as supply chain management (SCM), Business to Business
(B2B) e-commerce and globalization in manufacturing and service. As well as enterprise level
applications, you can find specific applications for collaboration. For examples, a role model has
been studied in software engineering (Kendall 2000) and a small group design meetings is stud-
ied in human computer interaction (Olson 1992) to achieve a higher level of collaboration. We
will focus on business transaction in this paper.

In the mean time, there have been consistent efforts to reduce the amount of human in-
volvement in integration in information system development (Pollock et al. 2004a), because the
less human resource we use, the less cost we need and the more control we have. In many cases
the amount of human involvement directly causes more cost, time and error. However, it has
rarely been an easy job to remove the role of human in sophisticated functions and it will not be
achieved in the near future. Therefore it is worthwhile to consider the effect of human involve-
ment in a company’s transaction.

If we need a larger amount of human involvement, it means we require more information
to be processed by humans. Similarly, if we need a larger amount of machine involvement, we
require more information to be processed by the machine. Now, the requirement of processing
more information either for human or machine demands a higher level of intelligence.
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We proposed a concept of the level of collaboration intelligence or intelligence for brev-
ity (Park et al. 2003a) (Park et al. 2003b). There have been a variety of definitions and usages of
intelligence depending upon different fields of study (Albus 1991) (Weiss 2001). The major
characteristic of intelligence is capacity to achieve a goal (Albus 1991) (Mifflin 2001a) (Miftlin
2001b). On the other hand, the interactions between human operators and control room equip-
ment were investigated from an information theoretic approach to man—machine interface com-
plexity evaluation (Kang et al. 2001).

In this paper, we chose a comprehensive definition to incorporate various types of intelli-
gence such as human, machine, and system. Our definition of level of intelligence is to represent
the capability to acquire and apply knowledge we require to process a given task while collabo-
rating with other parties. Also we will show the level of intelligence is different depending on the
degree of human involvement by both mathematic analysis and simulation. Also difference in the
degree of human involvement causes differences in the level of intelligence required for commu-
nication in a software changes as well as the cost, cycle time and maintenance (Pollock et al.
2004b).

The following characteristics can be identified for jobs requiring a high level of intelli-
gence to be finished.

e More time required to finish.
e More complex to finish
e More resources needed, such as manpower and money
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Fig. 1. Comparison of modes in terms of different intelligence level, (Park 2002) (Olsen 2000)

We considered three cases in terms of the degree of automation. As one can assume we
design three cases according to the criteria that the more automated, the less human work needed.
Three cases are:

Case MP: Manual processing (minimally supported by information system)
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Case EDI: Electronic data interchange (EDI) usage (semi supported) or other semi-
automated software

Case SP: Shared process with process flow control (PFC) (fully supported) (Park et al.
2003c) (Park 2003) (Park et al. 2003d) (Park 2002).

Especially we have been studying the role of PFC in B2B (Park et al. 2003d) (Park 2002).
The role and architecture of PFC for e-business are described in (Park et al. 2003c) (Park 2003)
(Park et al. 2003d) (Park 2002).

In terms of independence and synchronization, we position each case in Fig. 1 which is
developed from (Park 2002) and (Olsen 2000). Web EDI is added for the purpose of comparison
in our simulation.

A. ADVANTAGES OF SHARED PROCESSES

Modern enterprises are facing more challenges of coping with highly distributed working
environment (Ghosh 2004). By highly distributed, it does not necessarily mean physically sepa-
rated, it means more in terms of easiness and frequency of communication (Dix et al. 1993).
Even though they are separated geographically, it is not really highly distributed if they can
communicate with each other without difficulty. Therefore the degree of distribution is a matter
of not a distance between two parties but the degree of easiness in communication.

How to communicate and coordinate in this distributed setting has been a non-trivial task
(Ghosh 2004). One of the good examples which demonstrate these difficulties is in the area of
product development (Ghosh 2004). In this area, there have been good amount of endeavor to
solve these problems both technically (Ghosh 2004) (Linpack 1997) and non-technically (Ghosh
2004) (Anschuetz 1998). By technical solving, they mean the application of information technol-
ogy and by non-technical solving, they do cultural approach. In this paper, we will focus on the
adoption of information technology, shared processes following what we have done so far (Park
et al. 2003d) (Park 2002) (Nof 2000) (Nof 2003).

In terms of intensiveness and extensiveness of sharing, firms have greatly benefited from
effectively sharing their data within their organization. However, there are clear limitations in
sharing data only. When a process changes, this change will not be efficiently reflected into the
new system unless human administrator actually specifies the process. We can overcome this
obstacle and collaborate much better by employing the concept of shared processes. (Wise et al.
2000) addresses a pressing need for standardization, beyond-profit, yet streamlined transactions
for successful B2B.

Even though we can easily conjecture the benefit of employing a fully automated mid-
dleware when communications between two parties are necessary, there is no quantified measure
in terms of the level of intelligence we need.

One could argue why we should analyze collaboration intelligence. Without the careful
analysis of collaboration intelligence, we could waste financial resources on unnecessary invest-
ments. Having no criteria on collaboration intelligence, we cannot forecast how much resource
we should put in terms of the relationship between investment and benefit. By observing the be-
havior of collaboration intelligence, we tried to find basic characteristics, thus providing criteria
for investments.
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In this paper, we formulated each case by considering the assignment relation between a
task and amount of intelligence and provided a guideline for the level of intelligence in informa-
tion system design. We also verified those results by simulation.

B. COMPARISON OF COMPLEXITY

To appreciate the advantage of a shared processes approach in terms of complexity, we
provided a simple example from e-business. In this example, you will see how a shared process
approach becomes more desirable in reducing the complexity of collaboration, as the scale of
business grows.

1) Conventional way:

Let us suppose two organizations A and B are collaborating with each other in an indus-
try. If A needs to introduce another supplier C into the collaborating community, they need to set
up new communication channels (Fig. 2). If new member C has a different business process as
well as a different data format for transaction, then they need to set up another two different
channels of communication. The number of communication channels grows exponentially as the
number of participant into the community increases, such as in B2B. When we look at the Fig. 2,
we can see a combinatorial expansion of communication channels.

—® —®
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Fig. 2. Complexity of conventional way of collaboration

2) Shared process approach:

For the same situation shown in Fig. 2, they need only one additional communication link
as a new participant is introduced (Fig. 3). Thus we can apply the system repeatedly no matter
how many participants are introduced. Therefore, our approach has a clear advantage when the
number of participants into the collaborating community is increasing with the complexity re-
quired remained constant.

@A) ® —> @ B —> @ ®
© ©

Fig. 3. Complexity of collaboration for shared processes
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Therefore, we can high potential of shared process approach over conventional way for
large scale enterprise information system in terms of applicability and scalability as the number

of participants increases.
At the later sections, we build a mathematical model and validate it. Mathematical analy-

sis provided concrete and accurate criteria for analysis of collaboration intelligence. Also one
will see a simulation analysis and the same result as in the mathematical modeling.

2. Mathematical Analysis of Collaboration Intelligence

Our earlier analysis for mathematical modeling appeared in (Im et al. 2005a). To have a
mathematical formulation, we defined necessary parameters and variables as follows. First, let’s
suppose we have n sets of sub-processes.

T:{T],TQ, ...... ,TN}

T

A _ |:alm aZm """ an—l,m n,m (1)

1 if (sub)process i is performed by computer system
{0 if  Otherwise

|1 if (sub)process i is performed by human

{0 if  Otherwise

a, +a, =1 for all i J1<i<n

aim and a;;, are typical binary variables showing the choice of model. The sum of a;, and
ai, 1s always 1 because each sub process can either be assigned by human or machine, not by

both at the same time.
Now we need to define how we can represent the amount of intelligence required to exe-

cute T,

Here, we assume 7, for human is bigger than 7z, for machine, which is reasonable and re-

alistic assumption because nobody tries to reduce human involvement otherwise.
We also need to define interface complexity parameters and the amount of data transfer

as follows.

Chn: interface complexity measure from human to machine
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Cyi: interface complexity measure from machine to human
fin: amount of data transfer between two processes 1, j

To represent intelligence of human, machine, and total system, we define variables as fol-
lows. Iy represents intelligence of human while /), and Isyseach represents that of machine and
total system.

Human represents those components operated by people. Machine represents hardware,
and software. For the case 3 it could be middleware.

zalhz- +thz zalm ]hf;/ +Chmzzazha1m ij (2)

=l j=1 i=l j=1

=

Il
N
)

IM A im"i (3)

I
—_

In (2), we define operational intelligence as Zaih 7, and interface intelligence (1) as

i=1
n
mhz zalm jh.fy +Chmzzathajm ij
i=

i=l j=1

Similarly, in (3), we define operational intelligence as Za
i=1

Operational intelligence represents the intelligence required to be operated purely by hu-
man in (2) and by machine in (3). Interface intelligence represents the intelligence required when
we need to hand over tasks from human to machine or vice versa. We include interface intelli-
gence in human intelligence because most of the interface task is performed by human.

In (2) of case C, we don’t need to consider both second and third term because it has no
human component associated with it and there is no interface accordingly.

im 1'

A. Comparison of operational intelligence and interface intelligence

Both in human and machine intelligence, operational intelligence is significantly bigger
than interface intelligence in practice. If we could think about a copier that require us to take sig-
nificant amount of time for set up, it is not critical whether we can get a high speed copier ma-
chine or not. Rather we would try to reduce time for set up. However, in a real business situation,
a person in charge in an organization would not allow this situation to keep happing. If we need
to take more time interfacing with machine component(s) then the operation time for the ma-
chine, we can easily sense that there is something wrong. We will take an immediate action or
we would reconsider introducing machine component in our system.

Iy =1y+1

C 4
= Zazhrl + th z Zalm jhf;/ + Chm Z z alhajmf;j + Zalm 1 ( )
i=1 i=

i=1 j=1
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We considered three cases in terms of the level of intelligence required or the degree of
human involvement (Recall section I). We will take a closer look on each case from now on.

Case MP:

For the case MP, from equation (2), we divide Zaihri in detail into two parts. The for-
i=l1

mer would be the component that it will stay as manual, while the latter being automated in the
future. For example, if there is a company that performs its purchasing process completely
manually at the current stage. Assume both the collecting of documents and purchasing decision
are being done by human workers. Since the collecting of documents is routine and simple job,
the company could make a decision that it should be automated in the near future with insignifi-
cant expense. However, to make a purchasing decision is not a trivial job and it will cost consid-
erable money for the company to introduce DSS (Decision Support System). Thus in most cases,
making a purchasing decision would still be done by the human expert. Therefore we can repre-
sent the reality if we divide our model into two parts. In addition, we will see another benefit
later in that it would be helpful in comparing the amount of intelligence needed among three
cases.

Case EDI:
Iy =1y +1)

n

n n n n n
(5)
= zaihri +C,, zzaimajhfij +C,, zzaihajmfij + Zaimri
i=1 i=1

i=1 j=1 i=l j=1

I, =) a,rt, (0)

i=1

This case we can see no change from the general formula defined in (2), (3) and (4). In
this case, we need to consider both 7/, and /,, to get /. /,, stays the same as the general for-

mula in (3).
Case SP:

In this case, intelligence of total system is nothing but the intelligence of machine, which
is easily expected. We completely got rid of the need for human intelligence even though it is

highly unlikely in practice. Also, just like in case MP, interface intelligence will be 0 since no
interface is required.

. (7)
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3. Mathematical analysis - comparison of intelligence among

each case

From the manipulation of the formula, we can obtain the following results which do not
contradict our intuition. For convenience we call the case MP, EDI and SP as case A, B and C
each in this section.

Let’s compare the amount of intelligence for case A and that for case B, each denoted by
I4sand 12, From (5) we can say,

n n
_ A y
& = Zaim 7 +Z a;t;
SYS i=1 i=1

n n n
o 4 4 4
- Z a7 +zaihz—i + Z a;tT;
i=1 i=1 i=1

igk ick

(8)

since second and third terms are zero in case A.
Like we mentioned before, we divided the term, Za; 7, into two new terms whether it

i=1
will be automated or not in the future as in (9).

n n

A A
Zaih Ti and Zaih 2-i (9)
i=1 i=1

igk iek

Where, k= {i| a¥ =1,a? =0},

And
1 if subprocess i is performed by computer
al = system  in the future in case A
0 if Otherwise
Ap _

im

{1 if subprocessi is performedby computersystem now in case A

0 if Otherwise

We expanded our definition of @;, in (1) into a;” and @ . Again, the former represents

whether the subprocess is performed by computer system or not in the future and while the latter
represents the same for now.

Here, k means those i tasks that are manually processed currently but will be automated
in the future as depicted in (9).

On the other hand, we also know from (5),
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IS = Zalmrl +Zalhr +thZZa,m ayf; +ChmZZalhajm p (10)

i=l j=1 i=l j=1

Now from (8) and (10), we can compare I, and 12, if we calculate I, subtracted

from 1}, we will get a positive value when Z a;t, is bigger than the sum of Za 7, and

im©i
i=l1 i=l1

ik

n
th Zazm ,hfzﬁChmZZama

=l j=1 =1 j=l
- which is the case most of the time because of the assumptions thatz, for human is bigger than

7, for machine and that interface intelligence is significantly smaller than machine intelligence -
because Zalzri 1s equal to Zai’,’;ri .

i=1 i=1
igk

(It is obvious thatZaﬁnri is zero.) Therefore, from the formula we showed I is bigger
i=1
than /.
Now, let’s compare the amount of intelligence of human for case A and B, each denoted
by 7;and I} . From (2) we can say,

Zalhz- +thzza j;/ +Chmzzazha1m ij

i=l j=1 i=l j=1
(11)
Zalhz-l +thzzalm j/l»](;/ +Chmzza1ham
i=l j=1 i=1 j=1

The first term of A can be divided into two terms as in comparison of system intelligence, which
is

Zalhz' = Zalhz' +Za1hr

zek zek

Note the facts that Za;’ 7, 1s the same as Zaiz’i and that the value of

i=1 i=1
iek

n n
thzzaifnaﬁlf;f + Chmzzazha im

i=1 j=I i=1 j=l

equals always zero. Therefore if we subtract 7, from /;;, we will obtain
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. A

Zaihri ( mh Zalm ]hf;/ + Chmzzalha ]

i=1 i=1 j=I i=l j=I

ick
From our assumption that operational intelligence is significantly bigger than interface intelli-
gence, we can conclude that this value is positive. Therefore I, is bigger than I,

In an extreme case, it will be possible that /; is bigger than/;, if the interface intelli-

gence in case B is significant bigger than human intelligence in case A. However, it does not
have much practical meaning, since we assume that 7, for human is larger than 7, for machine

and that Z a,

i=1

ily conclude that 7, is smaller than 7, . (In fact ;; is zero.)

1s significantly bigger than interface intelligence in any cases. Also, we can eas-

im l

Now let’s compare between case B and case C to make our comparison complete.
For the comparison of Isys’s, we can do a similar manipulation as in (8). From (4) we can again
say,

n
ISBYS Zalmrl +Zalhr +thZZalma/th +Chm22alha § -

i=1 j=1 i=l j=1

On the other hand, since

n
C —
Zaihz'i =0
i=1

and

n n

mh atm jhf;j + Chm z Z atha f;j 0

i=1 j=1 i=l j=1

[gYS Zalmrz +zazhrl +thzzazm 1/1.fy +Chmzzazha imJ ij

i=l j=1 i=l j=1 (12)
_zalml

Now, we can easily see that /] is bigger than I, from the assumption that 7, for human is

larger than 7, for machine not to mention the interface portion of /g, . It may become clearer if

we divide Zafnz'i into two parts, first being the parts it was performed by machine and second
i=l
being the parts was performed by human in EDI cases. This is a similar way as in (8).
Let’s compare the amount of human intelligence between B and C. From (2) we can
again say,
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Zalhr ++thZZalm jhfy +ChmZZalha .

i=l j=1 i=l j=1

Za,hr ++thZZam ,hfu +Chmzn:Zalhajm p

i=l j=1 i=l j=1

(13)

Similar reasoning as in comparison of /;; and I}, we can conclude that I}, is greater than .

(In fact, I, is zero.)
Now, compare the amount of machine intelligence between B and C.

Zalm 1
Zazm 1

(14)

I;, includes those terms performed by human and machine under EDI . It is clear that 7}, is big-

ger than /) .
From the above analysis, we have the following result in conclusion.

Isys: MP > EDI > SP
I: MP > EDI > SP (15)
Iy;: MP <EDI < SP

When we make a setting for our simulation, it will be better to get a real value for Cj,, and C,,
from the industry if we want to see more realistic figures. However, it is more important to con-
sider relative figure rather than the absolute magnitude of the I Iy, and Isys.

4. Simulation Analysis

We have shown the details of our mathematical model and analyzed the representation
for each case. After we compared our model for each case mathematically, we will also see the
same result by simulation experiments. Simulation analysis is regarded as a reliable and effective
method in studying the dynamic nature of manufacturing and production systems (Huang et al.
2003) (Baykoc et al. 1988). A good example of simulation analysis can be found in (Huang et al.
2003). A simulation model is built for the assembly line with a discrete event system simulator in
(Huang et al. 2003). Our primitive simulation analysis appeared in (Im et al. 2005b).

Our simulation consists of two main scenarios. The first scenario is basic and is com-
posed of SP, EDI and MP. The second scenario is more realistic and includes variations in prac-
tice. Both scenarios have following analysis.

= Graphical comparison
= ANOVA for 5, 10, 15 subprocesses
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= (Case study between EDI and SP

The main process consists of subprocesses to get a task done. Table 1 shows a composi-
tion of subprocesses in each case in our simulation. H represents a subprocess performed by hu-
man operator and M represents those by machine.

TABLE 1
SUBPROCESSES FOR SIMULATION
Number of Subprocesses 5 10 15
Cases
Shared Process MmaMmMMMMMMMMMMMM MMMMMMMMMMMMMM M
EDI MMHHM MMHMHMMHMH MMHMHMMHMHMMHMH
Manual Processing HHHHH [HHHHHHHHHH HHHHHHHHHHHHHHH

A. BASIC SCENARIO

In Table 3., we showed processing time for SP, EDI and MP. Originally they were ob-
tained based on the survey data (especially rate of means). After a number of preliminary simula-
tions, we obtained the parameters of significance in Table 3. We assume the rework rate as Table
2:

TABLE 2
REWORK RATE OF PROCESSING TIME DISTRIBUTIONS IN BASIC SCENARIO

Maximum Rework for human Maximum Rework for machine
SP Rework: 1% of the mean
EDI Rework: 10 % of the mean Rework: 1% of the mean
MP Rework: 10 % of the mean

Please note that SP and EDI have the same distribution for machine subprocesses and MP
and EDI have the same distribution for human subprocesses. Random numbers from uniform dis-
tribution are generated, depicted as (minimum, maximum). Here, the units do not matter as long
as they are used in a consistent and comparable manner.

TABLE 3
PROCESSING TIME DISTRIBUTION FOR SIMULATION IN BASIC SCENARIO

<Processing Time Distribution forsimulation> (Random numbers from Uniform distribution genarated)
Process A(Human) ProcessB(Machine) Interface
mean variance mean variance mean variance
sp 0 0 0 {0.54,0.66)+(0,0.06) 0.6 0.06 0 0 0
EDI (2.6,3.4)+(0,0.3) 3 04 {0.54,0.66)+(0,0.06) 0.6 0.06 |(0.04,008) 006 0.02
MpP (2.6,3.4)+(0,0.3) 3 0.4 0 0 0 0 0 0
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1) For 5 subprocesses

Let us take a look at the one for 5 subprocesses. We are going to compare human intelli-
gence, machine intelligence and system intelligence for SP, EDI and MP. For basic scenario,
only EDI has positive value of interface intelligence, thus we can’t really compare interface in-
telligence to other cases. For SP and MP, interface intelligence is zero since there is no need to
interface between human and machine, or vice versa.

Let us begin with human intelligence. In the following Fig. 4, we can clearly see MP re-
quires the highest level of human intelligence and next EDI, and lastly SP as we expected. In Ta-
ble 4, we can also see that we confirmed their significant difference from each other through
ANOVA test. It is clearly significant from checking p-value. Also from Table 5, we made sure
the significant difference between any two cases by Fischer’s least significant difference (LSD)
method.

Human Intelligence

12
10 ——SF
q EDI
Bl L o o —a— M
4
2

1 2 3 4 5 B 7 8 9 101 1213 14 15 16 17 18 189 20

Fig. 4. Human intelligence required for 5 subprocesses

TABLE 4
ANOVA TEST FOR HUMAN INTELLIGENCE FOR 5 SUBPROCESSES IN BASIC SCENARIO

Human Intelligence: All
Anova: Single Factor

SUMMARY

Sroup s Count Sum Average Variance
=R 20 1] 1] 1]
EDI 20 12758141 B.375705 01026158236
WP 20 12332 156191 0111301779
AN OWA,

Source of Varia 55 of M5 F F-walue F it
Between 5 2466 976001 2 1233483 17298 34629 4.657E-80 3158846
Wyithin Gro 4 06443029 87 0071307
Total 2471039432 59
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TABLE 5
FISCHER’S LEAST SIGNIFICANT DIFFERENCE METHOD

LSD = 0.168886556

EDI vs. SP

= 6.375705 > 0.168887
MP vs. EDI

= 9.243395 > 0.168887
MP vs. SP = 15.6191 > 0.168887

From this analysis, we can see that all pairs of means
are significantly different.

Let’s consider machine intelligence. This time SP has the highest level, EDI next and MP
last. Again ANOVA test and Fischer’s LSD method are done to ensure the significance of differ-
ence.

Machine Intelligence

4
34

3 0’/‘\‘0——0——0——"_"/\5; M'm

2445 —+— 5P
2 - - — - - EDI
15 —— NP
1
0.5
|:| -

12 3 4 5 B 7 8 9 1011 12 13 14 15 16 17 18 19 20

Fig. 5. Machine intelligence required for 5 subprocesses in basic scenario

Lastly, we compare system intelligence. This is the intelligence we are most interested in.
MP has the highest level of intelligence, and EDI second, and SP last as we expected. We can
see the same order in human intelligence. Also, we can say human intelligence has more influ-
ence than machine intelligence in deciding system intelligence.

Again, ANOVA test and Fischer’s LSD method are done to ensure the significance of
difference.
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System Intelligence

18
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Fig. 6. System intelligence required for 5 subprocesses in basic scenario
2) For 10 and 15 subprocesses

There are no significant difference in comparison of human, machine, and system intelli-
gence from 5 subprocesses cases. We will consider the pattern at 3).

3) Comparison between 5, 10, 15 subprocesses

From Table 6, we can see the average value for each intelligence in basic scenario.

TABLE 6
AVERAGES OF VALUES FOR EACH INTELLIGENCE IN BASIC SCENARIO
no. of sub-
processes 5 10 15
Intelligence and cases
SP 0 0 0
Human EDI 6.375705 12.9401 19.2992
MP 15.6191 31.33615 47.1867
SP 3.143075 6.35365 9.41577
Machine EDI 1.8898 3.796735 5.705205
MP 0 0 0
SP 0 0 0
Interface EDI 0.121345 0.421957 0.657548
MP 0 0 0
Sp 3.143075 6.35365 9.41577
System EDI 8.2655 16.73675 25.0044
MP 15.6191 31.33615 47.1867
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Let us take a look at p-value to assess the significance of the differences in values for
each intelligence between SP, EDI and MP. Refer to Table 7. As the number of subprocesses in-
creases, p-value tends to become smaller with some exceptions. However, if we look at the
ANOVA test in Table 8, we can see that they are not significantly different as the number of sub-
processes increases. We believe it is so, because p-value becomes very small in 5 subprocesses.
As we incorporate more criteria in our future simulation, we expect that the number of subproc-
esses may have more impact on the value of intelligences. Also, the rate of decrease slows down
between 10 and 15.

TABLE 7
P-VALUE FOR BASIC SCENARIO

no. of subprocesses

5 10 15
Intelligences
Human Intelligence 4.56638E-80 8.20858E-91 6.3066E-89
Machine Intelligence 3.13093E-71 8.17354E-85 3.89423E-89
Interface Intelligence 9.64232E-53 5.34709E-62 2.90998E-69
System Intelligence 7.2636E-73 2.96391E-84 1.17497E-82

Table 8

ANOVA TEST FOR P-VALUES

ANOVA test for p-value one factor

No. of subprocesses factor
Anova: Single Factor

SUMMARY
Groups Count Sum Average  Variance
9.64232E-  2.41E-
5 4 53 53  2.3E-105
5.34709E- 1.34E-
10 4 62 62 7.1E-124
2.90998E- 7.27E-
15 4 69 70  2.1E-138
ANOVA
Source of
Variation SS Df MS F P-value F crit
Between 7.7E-
Groups 1.5496E-105 2 106 1 0.405344 4.256492
7.7E-
Within Groups  6.9731E-105 9 106
Total 8.5227E-105 11
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From the simulation result for basic scenario, we verified the following result.

4) Case study in basic scenario

Isys: MP > EDI > SP

Iy: MP > EDI > SP

(15)

Iy: MP <EDI <SP

Let us suppose we would like to answer the following question:

- What will be the lowest mean time of human process for EDI to be comparable with SP
in the 5 subprocesses case?

Let’s reconsider processing time distribution just for SP and EDI as in the following Ta-

ble 9.
TABLE 9
PROCESSING TIME DISTRIBUTION FOR SP AND EDI IN BASIC SCENARIO
Process A (Human) Process B (Machine) Interface

distribution mean variance | Distribution mean Variance | distribution mean Variance
(0.54,0.66)+

SP |0 0 0| (0,0.06) 0.6 0.06 0 0 0
(2.6,3.4)+ (0.54,0.66)+

EDI | (0,0.3) 3 0.4 ] (0,0.06) 0.6 0.06 | (0.04,0.08) 0.06 0.02

From Table 10, we can see the procedure to search down the solution.

TABLE 10

A SOLUTION SEARCH PROCEDURE IN BASIC SCENARIO

Mean human

Case subprocess time | ANOVA result Conclusion
for EDI
st ..
I (Original 3 Significant!
case)
nd .. | Now we know that the solution
2™ case 0.6 Insignificant! lies between 0.6 and 3.
39 case 1 Sienificant Now we know that the solution
g lies between 0.6 and 1.
4% case 0.7 Significant! Now we know that the solution

lies between 0.6 and 0.7.
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We may continue to narrow down the interval which the solution lies in after 4™ case.
Furthermore, we can do similar case study for 10 and 15 subprocesses

B. ADVANCED SCENARIO

In Table 11, we showed processing time for SP, Web EDI, EDI, MP+ and MP. Based on the ba-
sic scenario, we constructed parameters in the advanced scenario. Web EDI represents EDI with
web user interface and MP+ represents manual processing with more guidelines. Please note that
they have different distribution from each other both for human and machine except machine for
SP and machine for EDI. If we compare the distribution of EDI and Web EDI, Web EDI has less
time for human process and a little more time for machine. This is because Web EDI users don’t
need to worry about background transactions but machine need more job. By employing Web
EDI we can achieve an overall time save, because the magnitude of time saving by reduction in
human is bigger than the increase in machine.

TABLE 11
PROCESSING TIME DISTRIBUTION FOR SIMULATION IN ADVANCED SCENARIO
Process A (Human) Process B (Machine) Interface
distribution = Mean variance | Distribution mean variance | distribution mean  variance
(0.54,0.66)+
SP 0 0 01 (0,0.06) 0.6 0.06 0 0 0
Web | (2.3,2.7) + (0.63,0.77)+
EDI (0,0.25) 2.5 0.2 ] (0,0.07) 0.7 0.07 | (0.04,0.06) 0.05 0.01
(2.6,3.4)+ (0.54,0.66)+
EDI (0,0.3) 3 0.4 ] (0,0.06) 0.6 0.06 | (0.04,0.08) 0.06 0.02
(2.3,3.7)+
MP+ | (0,0.6) 3 0.7 0 0 0 0 0 0
(2.8,4.4)+
MP (0,0.72) 3.6 0.8 0 0 0 0 0 0

1) For 5 subprocesses

Like as in the basic scenario, let’s consider the one for 5 subprocesses. We are going to
compare human intelligence, machine intelligence and system intelligence for Web EDI, and
MP+ as well as SP, EDI and MP.

Let us begin with human intelligence. In the following Fig. 7, for the MP, EDI and SP,
they maintain the same order as in the basic scenario. Let’s focus on Web EDI and MP+. They
both have less human intelligence level compared to EDI and MP each. It makes sense because
Web EDI requires less human intelligence because users don’t need to worry about the interface.
Also, MP+ requires less human intelligence because they have some guidelines. Again, the sig-
nificance of difference was confirmed by ANOVA test and Fischer’s LSD method.
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Fig. 7. Human intelligence required for 5 subprocesses in advanced scenario
Let’s consider machine intelligence. Look at Fig. 8 below. SP has the highest level like in

the basic scenario. (ANOVA test and Fischer’s LSD method are done to ensure the significance
of difference.)

Machine Intelligence

35

3 M:A,W

28 —+— 5P

) e T i T o S B IRRTYIRNC.S
EDI

E hFP+

1 ——MP

08

0 S

12 3 4 45 6 7 8 9210111213 14 15 16 17 18 19 20
Fig. 8. Machine intelligence required for 5 subprocesses in advanced scenario>

Let’s take a look at interface intelligence. This time we have two interface intelligences

to compare. Web EDI has a lower magnitude of interface intelligence than EDI as expected.
(ANOVA test and Fischer’s LSD method are done to ensure the significance of difference.)
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Fig. 9. Interface intelligence required for 5 subprocesses in advanced scenario

Lastly, let us compare system intelligence in which we are most interested in. The order
of MP, EDI, and SP is not changed. Web EDI has lower level than EDI and MP+ has lower level
than MP. In the advanced scenario, the order of system intelligence is the same as the one in hu-
man intelligence. We can conclude that human intelligence has more impact on system intelli-
gence than machine intelligence. (ANOVA test and Fischer’s LSD method are done to ensure the

significance of difference.)
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—— MP
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Fig. 10. System intelligence required for 5 subprocesses in advanced scenario

2)

3)

For 10 and 15 subprocesses

Like in the basic scenario, there is no significant difference in comparison of human, ma-
chine, and system intelligence from 5 subprocesses cases. We will consider the pattern at 3).

Comparison between 5, 10, 15 subprocesses
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From Table 12 we can see the average values for each intelligence in advanced scenario.

TABLE 12
AVERAGES OF VALUES FOR EACH INTELLIGENCE IN ADVANCED SCENARIO
. number of sub- 5 10 15
processes intell /
case
Sp 0 0 0
Web EDI 5.355965 10.95625 16.3286
Human EDI 6.454885 13.10055 19.6345
MP+ 16.3063 33.26795 49.17035
MP 20.024 39.4621 59.5911
SP 3.15189 6.328415 9.464105
Web EDI 2.20166 4.376135 6.62504
Machine EDI 1.90464 3.794445 5.66539
MP+ 0 0 0
MP 0 0 0
SP 0 0 0
Web EDI 0.103047  0.348545 0.543856
Interface EDI 0.123919  0.427063 0.666942
MP+ 0 0 0
MP 0 0 0
SP 3.15189 6.328415 9.464105
Web EDI 7.557645 15.33235 22.95355
System EDI 8.35952 16.89495 25.2999
MP+ 16.3063 33.26795 49.17035
MP 20.024 39.4621 59.5911

The analysis for p-values is very similar to the one in the basic scenario. As the number
of subprocesses increases, p-value tends to become smaller with one exception. Refer to Table
13. However, like in basic scenario, they are not significantly different depending on the number
of subprocesses. (Refer to Table 14.) We would like to make the same conjecture as in the basic
scenario that it is so because p-value becomes very small in 5 subprocesses. As we incorporate
more criteria in our future simulation, we expect that the number of subprocesses may have more
impact on the value of intelligences. Also the rate of decrease slows down between 10 and 15.
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TABLE 13
P-VALUE FOR ADVANCED SCENARIO

No. of subproc-
e95e8 5 10 15
Intelligences
Human Intelligence 2.01254E-98 1.0565E-109 3.8192E-126
Machine Intelligence 4.8781E-125 4.6077E-140 2.9839E-150
Interface Intelligence 6.26298E-83 1.1718E-111 3.1467E-109
System Intelligence 8.77962E-91 5.4098E-102 3.7907E-118
Table 14
ANOVA TEST FOR P-VALUES
ANOVA test for p-
value one factor
no. of subprocesses factor
Anova: Single Factor
SUMMARY
Groups Count Sum Average  Variance
6.26298E- 9.8E-
5 83  1.57E-83 166
5.4098E- 7.3E-
10 102 1.4E-102 204
3.1467E- 2.5E-
15 109  7.9E-110 218
ANOVA
Source of
Variation SS Df MS F P-value Fcrit
Between 6.5375E-
Groups 166 2 3.3E-166 1 0.405344 4.256492048
Within 2.9419E-
Groups 165 9 3.3E-166
3.5956E-
Total 165 11

From the simulation result for advanced scenario, we verified the following result.

Isys: MP > EDI > SP
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Iy: MP > EDI > SP (16)
Im: MP < EDI < SP

This scenario has Web EDI and MP+ as well as SP, EDI and MP to better represent real
world situations. Please note that we included the Web EDI case in one of our simulation scenar-
ios because the web services become critical in business integration and its architecture (Abaas
2005) and worth considering web version of EDI. Since web services have a natural loose cou-
pling (Abaas 2005), we place Web EDI at the left side of EDI in Fig. 1. For Web EDI, users
don’t need to worry about the background EDI format other than just key-in whatever web inter-
face requires.

Likewise we include MP+ case as a variation of MP case. MP+ case represents manual
processing with more guidelines provided, which we can easily expect in practice.

We verified the results of the mathematical analysis by an experimental case study and
obtained the same result as in (7), which was our expectation. The graphical presentation of the
simulation results for three scenarios is provided. We can see the consistent patterns of values in
total system intelligence (Isys), human intelligence (Iy), machine intelligence (Iy) and interface
intelligence (Iy).

4) Case study in advanced scenario

This time let us suppose we want to answer the following question: What will be the low-
est mean of human processing time for EDI to be comparable with SP in the 5 subprocesses
case? Let’s reconsider processing time distribution just for SP and EDI as in Table 15.

TABLE 15
PROCESSING TIME DISTRIBUTION FOR SP AND EDI IN ADVANCED SCENARIO

Process A (Human) Process B (Machine) Interface

(0.54,0.66)+

SP |0 0 0 (0.0.06) 0.6  0.06 0 0 0
(2.6,3.4)+ (0.54,0.66)+
EDI 0.0.3) 3 0.4 0.0.06) 0.6  0.06 (0.04,0.08) 0.06 0.02

Also, from Table 16 we can see the procedure to search down the solution.

TABLE 16
A SOLUTION SEARCH PROCEDURE IN ADVANCED SCENARIO

Mean hu-
man sub-
Case | processing ﬁ]lg\ls([)j{? Conclusion
time for
EDI
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1 .
(Original 3 Signifi- Should be less than 3.
case) cant

Even though we lower the human processing time
up to the level of machine processing time, we

2 case 0.6 Signifi- | cannot make EDI and SP comparable.

’ cant It is evident that it is because of interface time in
EDI. Thus we need to lower the interface time to
make EDI and SP comparable.

One may continue to find out the value of interface time to make EDI and SP comparable. Also
as in basic scenario, we can do similar case study for 10 and 15 subprocesses.

5. Conclusions

In this paper we provided a guideline for information system design in terms of how
much intelligence we need, depending on the amount of information, or the degree of human in-
volvement in collaboration between two parties. We believe this research can provide a founda-
tion towards a comprehensive model to represent real world situations better when it comes to
collaboration between human and information system.

The proposed mathematical model helps us determine the trade-off between intelligence
levels of collaboration schemes. Collaboration through SP with PFC was proven the best ap-
proach among the three cases.

On the other hand, the simulation analysis showed that we attained the same result as in
the mathematical model for various cases. Also through case study in the simulation, we ex-
plained how to attain a threshold value to compare the case SP and EDI in terms of performance.
We can expand the case study for our comparisons easily. If we include the financial aspect in
the analysis, this would be a useful tool for our decision making.

We may use a different measure for intelligences as we mentioned earlier. In our simula-
tion, we employed “time required” as a measure for the intelligences. We may use a different
measure other than “time required” in a simulation. Possible different measures may include
complexity to finish, and the amount of resources needed, such as manpower, money, error rate,
etc. Also we may want to consider that time required itself could be reduced for higher intelli-
gence, which is quite opposite to our simulation. As we can find more comprehensive measures
for intelligence, we have more explaining power in our model or simulation.

Also, we claim there is a close relationship between cyber trust and the level of intelli-
gence or the quality of information. For example, if we have higher trust, we may require less
amount of information from as well as provide a favorable treatment to our partner in our trans-
action. Possible trust measures can be history data such as failure rate, amount of transaction and
partner’s characteristic such as financial structure, its reputation, CEO’s credibility etc.

On the other hand remembering we made three cases based on the degree of human in-
volvement and we were trying to minimize human intervention, we will consider adopting “intel-
ligent agent” in our future research.

180



In addition, we can also consider managerial implications associated with this research.
Managers can take advantage of the guideline on how much they need to invest to install/ design
more intelligent information system.

References

R. Abaas, “Web Service Management (WSM) — Architecture Patterns,” Web Services Journal,
vol. 5, Issue 3, Mar. 2005.

James S. Albus, “Outline for a theory of intelligence,” IEEE transactions on systems, man, and
cybernetics, vol. 21, no. 3, May/Jun. 1991

L. Anschuetz, “Managing Geographically Distributed Teams,” IPCC 1998 Proc., the annual
conference of the IEEE Professional Community Society, 1998.

Omer Faruk Baykoc, Serpil Erol, “Simulation modeling and analysis of a JIT production sys-
tem,” Int. J. Production Economics, 55, pp 203-212, 1988.

D. Brickley, 2004 W3C Working Groups, Collaboration, Knowledge Representation and Auto-
matability [Online]. Available: http://www.w3.org/Collaboration/#timeline

A. Dix, “Cooperation without Communication: the problems of highly distributed working,”
Human-Computer Interaction, Dix et al., 1993, [Online] Available:
http://www.comp.lancs.ac.uk/computing/users/dixa/papers/ CwC92/tech9404.pdf

P. P. Ghosh, J. C. Varghese, “Globally distributed product development using a new project
management framework,” International Journal of Project Management, 22, 699-708, 2004.

S. H. Huang, J. P. Dismukes, J. Shi, Q. Su, M. A. Razzak, R. Bodhale, D. E. Robinson, 2003,
“Manufacturing productivity improvement using effectiveness metrics and simulation analy-
sis,” Int. J. Prod. Res., vol. 41, no. 3, pp 513-527, 2003.

Cheolsoon Im, N. Park, “Mathematical modeling on collaboration intelligence,” Technical Re-
port, No IME-TR 2005-06, IME department, Wayne State University, Detroit, MI, USA,
Jun. 2005.

Cheolsoon Im, N. Park, “Simulation analysis on collaboration intelligence,” Technical Report,
No IME-TR-2005-07, IME department, Wayne State University, Detroit, MI, USA, Jul.
2005.

Hyun Gook Kang, Poong Hyun Seong, “Information Theoretic Approach to Man-Machine Inter-
face Complexity Evaluation,” IEEE transactions on systems, man, and cybernetics- part a:
systems and humans, vol. 31, no. 3, may, 2001.

Elizabeth A. Kendall, “Role modeling for agent system analysis, design, and implementation,”
IEEE Concurrency, vol.§, no. 2, pp 34-41, Apr.-Jun. 2000.

J. Linpack, J. Stamps, Virtual teams: reaching across space, time and organization with technol-
ogy, New York: Wiley; 1997.

The American Heritage® Dictionary of the English Language, Fourth Edition, 2000, Houghton
Mifflin Company.

The American Heritage® Stedman's Medical Dictionary, Houghton Mifflin, 2001, Company.

S. Y. Nof, “Models of e-work,” Research memorandum no. 2000-10, School of Industrial Engi-
neering, Purdue university, W. Lafayette, IN, USA, 2000.

S. Y. Nof, “Design of effective e-Work: review of models, tools, and emerging challenges,”
Production Planning and Control, vol. 14, no. 8, Dec. 2003

181



Gary M. Olson, Judith S. Olson, Mark R. Carter, Marianne Storrosten, “Small group design
meetings: an analysis of collaboration,” Human-Computer Interaction, vol. 7, no. 4, pp 347-
374, 1992.

G. Olsen, “An Overview of B2B Integration,” e4l Journal, May 2000.

Namkyu Park, “A shared process model for independent and synchronized e-business transac-
tions,” J. of Intelligent Manufacturing, 13, 499-510, 2002.

Namkyu Park, “Collaboration and Integration of the shared process system with workflow con-
trol,” Production Planning and Control, vol. 14, no. 8, pp 743-752, Dec. 2003.

Namkyu Park, S. Y. Nof, “Collaboration and integration of business processes based on shared
process and work flow control,” Proc. of IIE 2003 Annual Conference, Portland, Oregon,
May, 2003.

Namkyu Park, S. Y. Nof, “Design of a transactional workflow controller for the integration of
collaborative processes,” ICPR-17, 1 7" International Conference on Production Research,
Blacksburg, Virginia, USA, Aug. 2003.

Namkyu Park, S. Y. Nof, “Design of a transactional workflow controller for the integration of
collaboration processes,” Research memorandum No 2003-4, School of Industrial Engineer-
ing, Purdue university, W. Lafayette, IN, USA, Apr. 2003.

Namkyu Park, S. Y. Nof, “Collaboration and integration of business processes based on shared
process and workflow control,” Research memorandum No 2003-3, School of Industrial En-
gineering, Purdue university, W. Lafayette, IN, USA, Apr. 2003.

J. T. Pollock, R. Hodgson, Adaptive information: Improving Business Through Semantic Inter-
operability, Grid Computing, And Enterprise Integration, ch 3, 2004, pp 63.

J. T. Pollock, R. Hodgson, Adaptive information: Improving Business Through Semantic Inter-
operability, Grid Computing, And Enterprise Integration, 2004, ch 3, pp 60.

Gerald Weiss, Multiagent Systems: A modern approach to distributed artificial intelligence, 3
edition, The MIT Press, Cambridge, Massachusetts, London, England, 2001, p2.

R. Wise, D, Morrison, “Beyond the exchange: The future of B2B,” Harvard Business Review, 78
(6), pp. 12, 2000.

182



