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Executive Summary

Students have a wide selection of printers to choose from, with a variety of
technologies and features making a purchasing decision difficult. Using our group
members as experts, and scope focused on multifunction, or “all-in-one”, printers
to provide a single solution for all of our printing, copying, and scanning needs.
Multifunction printers have become more popular and affordable. This paper
presents six criteria expert users of all-in-one printers, have identified as critical in
purchasing an all-in-one printer for student home use. These six criteria were
applied to an HDM (Hierarchical Decision Model), a decision making tool for
addressing this problem.

A revew of related literature and studies provided background information on
hierarchical decision-making. Pairwise Comparisons and the Pairwise
Comparison Method (PCM) were used to analyze the numerical rankings for each
criterion given by each expert.

By referencing the hierarchical decision-making model and the results gathered
from Pairwise Comparisons, a prospective printer buyer could optmise their
selection of a printer for student home use. The paper concludes with sensitivity
analysis and recommendations for purchasing a multifunctional printer for student
home use, based on the HDM presented in the study. The results and analysis
demonstrated that HP PhotoSmart C4580 is the most important alternative that
meets the problem objective “Highest Value All in one Printer” between $100 and
$200.
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1. INTRODUCTION

As the world contnues to be more complex, decision making under conflicting
objectives also becomes difficult. [8][9] However, there are manytools designed to
help decision makers in making better informed choices by breaking down the
problem into a series of logical and structured hierarchical steps [8] Ultim ately,
helping decision maker(s) with better informed choices and easier understanding
of alternatives. Thus, a topic was first set to gain an understanding of decision
making and its application to commonplace consumer purchasing decisions; this
paper will discuss choosing a printer to purchase for a student home user.

The personal printer market offers several printers with built in 802.11g wireless,
no fax, with scan, and copy functionality, these are some of whatare known as all-
in-one printers [12], [16], [20], [21]

A Hierarchical Decision Model (HDM) with sensitivity analysis was created for a
student home user to make a good purchasing decision. The team members will
serve as experts in identifying, ranking and conducting sensitivity analysis of all
alternatives in the HDM. The sources used for selection were various websites
from popular printer manufacturers, such as Hewlett Packard, Canon, Epson, and
Brother.[12], [16], [20], [21] The printer manufacturers’ websites provided the
specifications, in Appendix 1, used to develop the criteria and alternatives in this
paper.

The first section will cover the goals of this study and assumptions. Then the
research methodology will be discussed to understand scope, limitatons,
literature reMew and criteria used. Next, he conceptual framework: HDM, Pairwise
Comparisons and Sensitivity Analysis. The final sections will cover the
recommendations, conclusions and lessons learned.

1.1 GOALS OF THE STUDY

The objective statement is an example of a multi-criteria problem. The study
contributes to the growing number of related literature in Engineering Manage ment
that applies theoretical framework and empirical analysis to the concept of
decision-making. This paper will focus on one of these tools (i.e. Hierarchical
Decision Model).

The projectaims to achieve the following:

n To gain an understanding of decision-making and its application t©
commonplace consumer purchasing decisions.

N To identify a suitable decision model for purchasing an Al-in-one printer for
student home use.
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Nn To make recommendations for optimising a decision for purchasing a
printer using the notations and results from appropriate Decision Model(s)
and sensitivity analysis.

1.2 ASSUMPTIONS

The following assumptons were made in this project:

§ The project team members are the experts thus provding Pairwise
Comparison values.

§ Six “experts” requiring purchasing a printer for studenthome use.

§ Experts have a limited budget of $200 and would not choose a new
printer under $100.

§ Criteria and decision altematives identified are key factors to
purchasing ahome printer fora student.

§8 All conditions in the decision process will remain constant (e.g. no new
versions of printer models, no changes in price, efc).

§ All levels identified in the decision hierarchyare sufficient to give a valid
evaluation of the decision problem to student home user.

§ Experts consideranyspecification not stated in the criteria ofno
im portance to the HDM.

2. RESEARCH METHODOLOGY

2.1 SCOPE AND LIMITATIONS

2.1.1 SCOPE INCLUSIONS

There are several home printer models that havwe a range of features appealing o
student home user. The following components are within the scope of this project

Printer price range and Functionality - all experts determined acceptable price
range of $100 to $200. Experts defined “value” as all-in-one Printer with scanning,
copying, card reader, and 802.11 wireless networking.[12], [16], [20], [21] This
objective was used to search manufactures’ website for available products for the
HDM. Figure 1 below is an illustration of the impact level for this project here in
referred to as the objective level.
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Figure 1: Level 1 Objective

O bjective:
Highest Value Printer

All in 1 printer: scanning, copying, card

reader, & Wireless networking capability

between $100 and $200.

2.1.2 LIMITATIONS

Printer models used in this study may already be obsolete due to
technological advancement. Additionally, another prospective buyer’s
criteria may change in time. The criteria used by experts in this study are
expected to differ for others. However, the prospective buyer of a home
printer who is reading this study is encouraged to consider this approach
and adapt the HDMto their set of purchasing criteria.

Time pressures did not allow the team members to conduct additonal
research in the areas of (1) additional surweys to improve data gathering,
(2) applying utility theory and (3) Total Cost of ownership.

2.2 METHODOLOGY

The objective of our project was to use a decision model to purchase the
highest “value” printer for student home use. After, searching websites, four
vendors and six printer alternatives met the defined criteria. Al six team
members were experts in the printer selection process. The following items
were used for the methodology:

Literature Review
o RelevantHDM models
o Defined criteria from Manufactures product specifications
Model
o HDM
o Pairwise Comparisons for each lewel of the HDM
o Calculations to determine owerall printer weightings
0 Sensitivity Analysis
The following section will describe each of these in more detail.

2.2.1 LITERATURE REVIEW

As part of the research methodology, a preliminary literature review of this
topic was conducted in order to familiarize with the concepts of decision-
making. The selection of a printer is an example of a multi-criteria decision.
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Researchers and students hawe conducted numerous examples of the art
of decision making with multiple criteria. Baird (1989) argues that a decision
and its process must be defensible to superiors, subordinates and peers
[4]. On this note, the methodology used in this paper in regard to the printer
decision process will attempt to answer the following questions for it to be
justifiable; (1) What alternatives were available? (2) What criteria were
used? (3) What order of importance was assumed? (4) How was each
alternative evaluated in terms of the criteria? (5) How was a particular
course of action (i.e. decision alternatiwe) single outas best?

Multi-criteria decisions are more complex than single-criterion ones
because of the difficulty of finding an alternative that outweighs all others
with respectto all criteria [8]. Therefore, there is a need to break the problem
down and represent it in a much simpler form. The Hierarchical Decision
Model becomes useful in this instance.

Majority of the work conducted in this field follow a fundamental approach of
breaking the decision problem down into manageable chunks represented
bythe following steps [5]:

Identify the issue that triggers a decision process

Formulate a model

Data gathering

Solving the model (i.e. defining criteria and sub-criteria)

Results interpretation (could be from judgment
guantification/Pairwise Comparisons among altematves, utility
curves, sensitivity analysis)

6. Implementation ofthe results

kLN RE

The typical starting point to trigger a decision process is the establishment
of objectives such as in this paper (e.g. Purchasing the highestalue printer
atthe least cost for student home use) [11].

Examples of related work in the application of Hierarchical Decision
Modelling include:

§ Selection of Laptop [11]

§ Selection of Mobile phone [7]

§ Fleet Vehicle Purchase|[2]

§ Selecting a Vacation[10]

§ Site selection of a major league baseball stadium in Portland [1]

2.2.2 GENERAL HDM

MOGSA is a Hierarchical Decision Model (HDM) tool developed in 1981 by
Cleland and Kocaoglu in order for determining trade-offs with multiple
criteria decisions[8] The HDM model uses a framework of hierarchical
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levels to representthe problem and important criteria for both qualitative and
guantitatve assessments. Typically there is the first level that is a clear
problem statement, referred in the HDM model as objective. The middle
level represents the criteria and number of levels is dependent on the
hierarchy and decision altematives. The final level represents the decision
alternatives to the decision maker. Therefore, model is adaptable for
appropriate lewels for evaluation of a problem. See Figure 2 of a typical
MOGSA HDM. [4]
Figure 2: MOGSA Hierarchical Decision Model [4]

3

(&> Stralegjes ( 5))

o,
a

“The appropriate number of lewels is the first challenge in HDMmodel. Too
much information and level will demand significantly more information and
measurements. Additionally, too few levels will create another challenge of
not representing the problem correctly leading to improper results.”[8] As a
result, building the model and levels becomes the most work both as
challenge to get the right amount of levels and criteria that represents the
problem correctly for all experts to use while evaluatng alternatives.

Additional benefit of flexibility using a HDM model, once created, there are
several methods used to evaluate the alternatives: 1) Analytic Hierarchy
Process (AHP), 2) column-row orientation, 3) constantsum, or 4) least
distance approximations.[8-9], [11] These methods are used to rank
alternatives in HDM models and to provide a recom mendation.

2.2.3 PAIRWISE COMPARISONS

Pairwise Comparison is the process of comparing elements in pairs t©
determine which one has a higher numerical value, which one is preferred,
or most likely to occur.[3][8]. In this paper, the preference was shown by
splitting 100 points, whole integers only, between the elements in each
com parison for likely hood of occurrence.[3] Forexample:

A=75 and B=25 (Ais 3times more likely to occur than B)
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A=50 and B=50 (A and B are equally preferred)

A=99 and B=1 (Extreme case is A is 99 relative to B of 1; 0 is not

acceptable)
This method allows a researcher to determine the relative order or ranking
of elements in a group or collection. The Pairwise Comparison method is
an unbiased mathematical technique that quantifies subjective preferences
or perceptions into objective normalized weights. In this study, the experts
used PCM software (Pairwise Comparison Method) to calculate the
rankings ofthe elements at each level of he HDM.

3. CONCEPTUAL FRAMEWORK

3.1 HDM AND PAIRWISE COMPARISONS

3.1.1 DEFINITIONS AND RATIONAL OF LEVEL 2 CRITERIA

Aiter the problem and objective were defined, the next step is the level 2
criteria of the HDM. Again the most time was spent here with all experts to
agree and define appropriate criteria that were not too much or too few
information and measurements. Experts determined critical criteria for
purchasing as follows: (1) Brand, (2) Price, (3) Scan Resolution, (4) Black
Print Speed, (5) Dimensions, and (6) Weight, see Figure 3. Definitions and
rational of the six identified criteria are given below:

§ Brand — refers to printer manufacturer name and model series
experience or expectation associated with a product. [14], [6]

Brand can indicate the usability, quality, warranty, service and the
reliability of the printer.

§ Price — defined as below $200 for a home printer with prices of a new
printer given by manufacturer.[13] All experts are not able to afford a
printer that is over $200 and would not pay for a printer under $100,
due to quality, seniceability and reliability.

§ Scan Resolution - refers to the amount of information, calculated in
dots per inch, which the scanner can read. More dots equal higher
resolution, and thus better-looking scans (low-resolution scans
sometimes have big and obvious squares of pixels). All data
provided by manufacturer. [19] The scan resolution used for
comparison is always the lower of the two numbers provided. (ie
1200x2400 would use 1200) [17]

§ Black Print speed - is measured by the pages per minute (ppm) or
copies per minute (cpm). This measurement applies to printers with
copier features. Speed is the number of pages alaseror inkjet printer
can produce in one minute. Generally the speed increases as the
price of the printer increases. Normally inkjet and las er printers hawe
3 levels of quality setiings: draft, normal, best. The higher the quality,
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the lower the print speed. All data provided by manufacturer.[18] As a

student it is important to have speed for last minute deadlines and

time is important not o waste.

§ Dimensions - are measured by WxDxH (Weight x Depth x Height) of a

printer. [19] As a student, space is not always available (i.e. books,

deskdimensions,room configurations, etc.)

§ Weight —expresses the mass of the printer, measured in Ibs.[15]

Space restriction can require moving the printer for use and may
also require using shelwes that have weightlimitatons.

Figure 3:Level 2 Criteria

Objective:
Highest Value Printer
Allin1 printer: scanning, copy ing, card
reader, & Wire less networ kng c apability
betwe en $100

Scan
Resolution

and $200.

Black P rint
Speed

Dimensions

After the Level 2 was defined, more research was done on manufactures’
specifications to find the alternatives that contained each of the Lewel 2
criteria and Level 1 objectives. Six alternatives were identified as meeting
HP Photosmart C4580, HP Photosmart C4599, HP
Photosmart C6380, Canon Pixma MP620, Brother DCP-585CW, and Epson
Artisan 700. These are illustrated in Figure 4: Printer Alternatives with
Manufactures’ Specifications.

Figure 4: Printer Alternatives with Manufactures' Specifications

the defined criteria:

Product Comparion HP Photosmart C4580 HP Photosmart C4599 | HP Photosmart C6380
Pirice $104.99 $149.99 $179.99

Black print speed (max) 30 cpm 30 cpm 33 cpm
Dimensions 17.09 x 11.42 x 6.38 in 17.09 x 11.42 x 6.38 in 17.79 x 15.97 x 8.17 in
Weight 11.16 b 11.16 Ib 16.4 b

Scan resoluiton 1200 dpi 1200 dpi 4800 dpi

Product Comparison

Canon PIXMA MP 620

Brother DCP-585CW

Epson Artisan 700

Piice $149 $119.99 $149.99
Black print speed (max) 26 ppm 33 ppm 38 ppm
Dimensions 17.8 x 145 x 6.9in 15.4x 14.4x 5.9 in 17.6 x 23 x 5.91in
Weight 1871b 12 OF 40  1571b 20.5b
Scan resoluiton 2400 x 4800 dpi 1200 x 2400 dpi 2400 dpi
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These six alternatives were then used to construct the final HDM in Figure
5:HDM Highest“Value” Printer. The first level of the HDM is the objective, the
second level is the critical criteria, and the third lewel is the altematves that
met the defined criteria.

Figure 5: HDM Highest"Value" Printer

Obijective: .
Highest Value Rrinter Level 1:
All in 1 printr: scanning, copying, ard i i
reader, & Wirkless netwoiking capability Obje ctive
between $100 and $200.

Scan - Level 2:
Resol ution Criteria

Brother Level 3:
DCP-585CW. UEUNAY Alter native

3.1.2 CRITERIA WEIGHTING

The PCM software was used for each level to determine the combined
preference of all experts. PCM is a software product that utilizes a Pairwise
Comparison method of judgement quantification. When used as a group,
the PCM software allows perceptions to be normalized into objective
weights. It additionally provides a measure of disagreement among all
experts and the inconsistency (internal) for each individual. Generally, a
value of < 0.10 is an acceptable level of inconsistency.[8] Disagreement is
defined as “A measure of how similarthe respondents’ comparisons were.
Avalue near zero indicates thatall respondents entered very close weights.”
[3] Therefore, lower values of both disagreement and inconsistency will
help ensure quality weight assessment[3] Arriving at acceptable values
can be time intensive to getall experts agree.
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Figure 6: PCM Screen Shot of Objective vs. Criteria

BEelatluve 'rle:lahts

lzer=s 1 2 3 =1 5 ] Incn
B.5% A.17 B.14 .87 A.A] B.8]) B.8T74
Emuy M_M3 W _$2 M. 11 M_1F M_11 ¥W_ 11 4 _udd
Helen B.Z22 A.37 8.86 @.16 B.A8 B.11 BA_AAS
Tilflani B.46 A.J7 8.8% A.4% B.12 B.1] H.B25
Lone M_ 2G4 W 2 M 18 M1 H_1W W_1F 4 kW14
Dawvdd B.Z8 A.16 B.16 A.17 B.15 B8.15 A.A18
Hzon B.27 A.27 B.12 A.14 B.14 B.11 HA.AB1
Hin WM _ 16 W 16 W M5 U W H_. U UW_HE

Hax B.55% A.39 B.183 @.17 B.15 BA.15

Std Dew B.14 A.1A B8.8% A.84 B.A4 B.84

In Figure 6: PCM Screen Shot of Objective vs. Criteria the mean for each
criterion becomes the PCMs relative weights for Level 2 criteria. The
following list the values compared relative to the Objective that were added
tothe HDM for Level 2, see figure 7 HDM Level 2 Comparison Results:

Brand: 0.27

Price: 0.27

Scan Resolution: 0.12
Black Print Speed: 0.14
Dimensions: 0.10
Weight: 0.11

Weights for Level 2 will be used later in calculations to determine the
recommended printer. Relative weights, provided by the PCM, both Brand
and Price as most important, followed by Black Print Speed and Scan
Resolution, and last was Dimensions and Weight. Experts agreed this
seemed logical and verified their judgments.
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Figure 7: HDM Level 2 Comparison Results

(bjective:
Highest Vaue Printer
Al in1 printer: scanrning, copying, card
reader, & Wiredess netwaking capability
between $100 ard $200.

Black Print

Dimensions

Photosmart Brother
C6380 DCP-585CW

3.2 ANALYSIS OF HDM & PCM RESULTS

The PCM software was used to determine the alternative weightings relative
to each of the level 2 criterion, refer to Appendix 1. In Figure 8:PCM Snapshot
Of Brand Vs. Alternativ es, the HP models are evident by the values in columns
1, 2, and 3 being equally preferred by each expert Additionally, for brand,
disagreement among all experts and inconsistency for each individual had
relatively low value, an acceptable level among experts.

Figure 8:PCM Snapshot Of Brand Vs. Alternatives

e lal i ve We i h L o=

FProject Title= EBrand

Uzpi= 1 2 ] G | L & Incn
B8.380 B.30 6.38 .84 B.A2 B.A3 B.42B
Emy M.1Y M. 1Y M.1Y M. 28 W.UME U\ W. M1l
Helen @_?2 B_2T 6.2 0_415 0_06 0_18 0_ 4088
Tillfani A.24 .24 H.24 B.11 B.4A8 BA.A48 A.H]]
Lone @.z28 8.2 6.28 ©#.14 B.12 B.14 8.d81L
Dawvid A.28 0.28 B_.28 P.B1 0.8 8.5 B.H18
Mean B.24 A.24 6.24 .13 .47 B.88 0.
Min ad.1iT A.17T A.17 F.84 B.A2 A.H]

Max A.i0 A.30 A.3A P.23 BA.12 A.14

Std Deu A_AL A A A_AL H_A? AR AT A_A4
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Each of the level 3 relative values was combined with the relative level 2
values to determine the preference of each alternative. The calculatons are
shown for HP Photosmart C4580. Brand, Price, Scan Resolution, Black Print
Speed, Dimension, and Weightrepresentthe values identfied for HP
Photosmart C4580 through the PC M software. Figure 9 Exam ple Calculation
for HP Photosmart C4580 is an illustration of an example calculation for the
contribution of a decision criterion to the overall

Figure 9: Example Calculation for HP Photosmart C4580

(Brand * Alternative 1) + (Price * Alternative 2) + (Scan Res.* Alternative 3)
+ (Blck Print Spd * Alternative 4) + (Dim.* Alternative 5) + (Weight *
Alternative 6) =0.22 HP Photosmart C4580

The value calculated in Figure 9 Example Calculation for HP Photosmart
C4580 above, represents the relative weight or contribution of a decision
alternative to the overall objective. The higher this value, the more important
is the criterion to the overall objective. This is referred to as criterion
importance and defined as criterion corresponding to the biggest
contribution value or one that contributes the most to the owerall objective.[4]

Figure 10: Contribution to Overall Objective display example Calculation for HP
Photosmart C4580. To help illustrate the calculations, the excel image
contains colored boxes that correspond to the coloring of criteria weightings
in level 2 ofthe HDM in Figure 7: HDM Level 2 Comparison Results.
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Figure 10: Contribution to Overall Objective

Criterion | Brand | | Weight
Users I T I
Mean 027 ) 027 i, ol
| Price Black Print Speed | Dimensions

Brand = ! ! o ! o

Frinter
zers T 2 | 2 [ 4 | 8 | &
flean 024 | 024 024 013 007 008
Price

Frinter
Isers T 2 | 3 [ 4+ | 85 | &
felean 027 016 07 017 017 016
Scan Resolution

Frinter
Uzers 1 2 | 3| 4 | 5 | E
Mean 013 .13 .28 01 013 01
Black Print Speed

Frinter
Users 1 | 2z | 3 | 4 | s | &
Plean 015 015 0,12 012 0.1g 0.22
ODimensions

Frinter
sers 1 | 2 | 2 | 4+ [ 85 ] f
felean 016 01E 0,14 013 023 017
'H'eight

Frinter
IUsers 1 2 | 3 4 5 | &
felean 023 0.23 0,14 013 017 011

Contribution to Objective
- ¢ a 4 ] i
0.22 0.19 | 017 | 0.15 0.15 | D.15
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Results were computed by multiplying the weight of each criteria and the
weight each printer model had for each criteria.

HP PhotoSmart C4580:
(0.24*0.27) + (0.27*0.27) + (0.13*0.12) + (0.15*0.14) + (0.16 *0.10) + (0.23*0.11) =

0.22

HP PhotoSmart C4599:
(0.24*0.27) + (0.16*0.27) + (0.13*0.12) + (0.15*0.14) + (0.16 *0.10) + (0.23*0.11) =
0.19

HP PhotoSmart C6380:
(0.24*0.27) + (0.07*0.27) + (0.28*0.12) + (0.18*0.14) + (0.14 *0.10) + (0.14*0.11) =
0.17

Canon PIXMAMP620:
(0.13*0.27) + (0.17*0.27) + (0.17*0.12) + (0.13*0.14) + (0.13 *0.10) + (0.13*0.11) =
0.15

Brother DCP 585CW:
(0.07*0.27) + (0.17*0.27) + (0.13*0.12) + (0.18*0.14) + (0.23 *0.10) + (0.17*0.11) =

0.15

Epson Artisan 700:
(0.08*0.27) + (0.16*0.27) + (0.17*0.12) + (0.22*0.14) + (0.17 *0.10) + (0.11*0.11) =

0.15

4. RECOMMENDATION

Based on the experts’ input, alternative 1, HP PhotoSmart C4580 (value of
0.22), is the highest “value” printer since it has the largestcontribution to the
owerall objective as defined in Section 3.2. ANALYSIS OFHDM & PCM RESULTS.
Second and third highest “value” printers were close behind with
contributon values of 0.19 and 0.17 for HP PhotoSmart C4599 and HP
PhotoSmart C6380 respectively, shown in Figure 11: HDM Level 3 Alternative
Weightings.

Figure 11: HDM Level 3 Alternative Weightings
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5. SENSITIVITY ANALYSIS

Sensitivity analysis is defined as “the careful study of the responsiveness of
conclusions to changes or errors in parameter values and assumptions.”
[5]. It is used to improvwe the HDM by identifying when changes in expert
values mightimpact the preference ofalternatives.

The sensitivity analysis conducted in this study, shows the impact of each
criterion on the weighting of the alternatives by using a dominant criterion.
To calculate the value of dominance, the weight values range from 0.01 to
0.99.

Two different analyses were conducted: 1) extreme value of dominance and
2) mean value of dominance.

There will be five criteria dominated by the sixth criterion, expressed below:
Extreme value of Dominance: 1 -[(5 criteria)*(0.01)] = 0.95
Mean Value of Dominance: 1 - [(5 criteria) *(0.10)] =0.50

Below shows each Level 2 criterion results of the calculations ofdominated
criterion:

Brand
As expected, when extreme value dominant, HP alternatives 1, 2 and

3, are equally weighted, see Table 1: Weightings for Brand (Extreme
Value 0.95). There is indifference among the three HP alternatives.

Table 1: Weightings for Brand (Extreme Value 0.95)

Bramd
Criteriom
2 3 4 fi 1]
0495 0.0 0.01 .01 .o 01
Contribution to Objective
1 2 3 1 ] ]
0,24 | 0.24 | 024 | 0.13 | 0.08 0.08
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With mean value dominant, alternatives do not change, see Table 2:
Weightings for Brand (Mean Value 0.50).

Table 2: Weightings for Brand (Mean Value 0.50)

Binanmd
Crilerniuvn
1 2 3 i 3 a8
0. 50 010 010 010 0.10 0110
contribution to Objective
1 2 3 4 5 G
021 020 | 020 | 014 | 012 | 0142
Price:

As expected, when exteme value dominant, the least expensive
model is chosen, see Table 3: Weightings for Price.

Table 3: Weightings for Price (Extreme Value 0.95)

Price
Criteriom
2 g 1 fi £i
0.0 0.95 0. o.M £ 0.0
Contribution to Objective
1 2 3 1 ] 3]
0.27 | 016 | 008 | 0.17 | 017 0.18
With mean value dominant, the alternative does not change, see
Table 4: Weightings for Price (Mean Value 0.50).
Table 4: Weightings for Price (MeanValue 0.50)
Price
Crieerlon
1 . 2 4 h L]
ann a5 ann a-n (8 (R Y
Contribution to Qbjactive
1 i 3 4 a] L
023 | 017 | 013 | D15 | 016 | 016
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Scan Resolution:
As expected, with extreme value dominant, the altematve with the

highest scan resolution received the highest weighting, see Table 6:
Weightings for Scan Resolution.

Table 5: Weightings for Scan Resolution ( Extreme Value 0.95)

Scan Reaclution
Criterion

| 7 | 3

na nm nan

4 N fi
0 00 0

Contribution to Objective
2 3 4 5 B

013 | 013 | 027 | 017 | 013 QA7

With mean value dominant, the alternative does not change, see
Table 6: Weightings for Scan Resolution.

Table 6: Weightings for Scan Resolution (Mean Value 0.50)

Scan Resolution

Criterion
1 - ! 4 i 1i

270 2.0 2.50 0.0 €10 012

Contribution to Qbjactive

1 Z 3 4 5 4
047 | 046 | 0.22 | 015 | 0.15 | 0.16
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Black Print Speed:

As expected, when extreme value dominant, the altemative with the
greatest print speed received the highest weighting, see Table 7:

Weightings for Black Print Speed [Extreme Value 0.95).

Table 7: Weightings for Black Print Speed Extreme Value 0.95)

Black Print Speed
Criterion
7 3 4 il i]
001 0.1 0.1 0.3k .o AN
Contribution to Objective
2 3 4 5 &
015 | 0156 | 018 | 013 | 018 | D.22

In contrast, with mean value dominant, there is indifference among
five of the six alternatives, see Table 8: Weightings for Black Print Speed
Mean Value 0.50). Showing black print speed is sensitive to changes

in Level 2 criteria weightings.

Table 8: Weightings for Black Print Speed (Mean Value 0.50)

Black Primt Spead
Criteriom
2 3 4 il i]
010 N [N 0o .50 C.10 .10
Contribution to Objective
1 2 3 1 ] i]
012 | 017 | 013 | 0.14 | 017 018
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Dimensions:

WxDxH is not intuitive to predict, since each dimension may have a

differentimportance to an expert.

When extreme value dominant, the alternative 5 was chosen, see
Table 9: Weightings for Dimensions (Extreme Value 0.95). In contrast, with
mean \value dominant, there is indifference among three of the six
altemnatives, see Table 9: Weightings for Dimensions (Extreme Value
0.95). Showing dimensions is sensitive to changes in Lewel 2 criteria

weightings.

Table 9: Weightings for Dimensions (Extreme Value 0.95)

Oimanaicna

Criterion
1 s a 1 il i]
0.0 1. n.m o.M .25 L)
Contribution to Objective
1 a 3 1 ] i]
016 | 016 | 014 | 013 | 0.23 | 07

In contrast, with mean value dominant, there is indifference among three

ofthe six alternatives, see

Table 10: Weightings for Dimensions (Mean Value 0.50). Showing
dimensions is sensitive to changes in Level 2 criteria weightings.

Table 10: Weightings for Dimensions (Mean Value 0.50)

Oimenaiona

Criterion
2 4 1 il i]
0o .10 010 010 CLE0 x1d
Contribution to Objective
1 2 3 1 ] i]
012 | 017 | 016 | 0.14 | 0.19 | D.18
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Weight:

As expected, when Weight is dominant, the alternatives with the

lowest weight (Ibs.) received the highest weighting, see Table 11:
Weightings for Weight Extreme Value 0.95)

Table 11: Weightings for Weight (Extre me Value 0.95)

Waight

Criterion
2 3 4 N 6
o nm a0 0 M o 0 a5
Contribution 1o Objective
1 2 3 4 5 B
023 | 023 | 014 | 013 | 017 011

With mean value dominant, the alternative does not change, see
Table 12: Weightings for Weight (Mean Value 0.50).

Table 12: Weightings for Weight (Mean Value 0.50)

Waight

Criterion
? 3 | n ki
A nAAn 10 R ] 01 it 30
Contribution 1o Objective
1 2 d 4 o Ei
0.21 0.20 0.16 0.14 | 0.16 0.14
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Table 13: Summary of Sensitivity Analysis compares the Extreme and
Mean Value Dominant alternatives and their contribution to the
objective. Although the expert recommendation from HDM is
alternative 1, HP Photosmart C4580 (value of 0.22), the sensitivity

analysis provides confidence in the recommendaton.

points are listed below:

The key

Black Print Speed and Dimensions are sensitive, within this
dominance range, to change the recommendations.

Mean Value Dominant had five criterion thatconfirmed the HP
Photosmart C4580 as the highest value printer.

Extreme Value had three criterion that confrmed the HP
Photosmart C4580 as the highest value printer.

Extreme Sensitivity Analysis also confirms that the model
behaves as expected bythe experts.

Table 13: Summary of Sensitivity Analysis

Dorminant
Criterion

Extremse YValua Dominant
Altermatives)

Maan Value Dominant
Altermatives)

Brand

Price

HPF Photosmart C4580 [i0.24)
[P Phelbosmar C4399 (0.24)
[F Ehgtasman CaEaie (0.24)

HP Photosmart C46BD [0.27)

HPF Photosmart C4580 {0.21)
[P Phelbosmar | CA599 (0.20)
[F Ehgtasman CEai (02g)

HP Photosmart C46B0 [0.23)

Bran Rezolution

HE Fhednsmart CEi=Er (05300)

HE Fhednsmart CEa=Hb (0 535

HF Photosmart C4580 [3.18)
HP Phebosimar | C4539 (0017

T Fhielosmiar | Cod (0200

EI";“ P;'"t Fpsan Asan FO (0 95 HH Bheinsmart CESH1 (0 18)
pee Biulisr DCP-BEECW  (0.17)
Lpscn Amsan 00 (L)

HP Photosmart C4BED [0.18)

Dirmenslons Arnther DCM-SA0CW (D 2E) HM* Phednsmar C4099 (017
Diclhwr DCP-305C6 (0 19)

Péeight HPF Photoamart C4580 [0.23) HPF Photoamart C4580 [0.21)

T Fhielosmiar | Cdod (0200

6. CONCLUSION, LESSONS LEANED AND FUTURE WORK

6.1 CONCLUSION

HP PhotoSmart C4580 is clearly the highest“value” printer for these experts

using the HDM.
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shows the recommended printer model's specifications in relation to the
identified criteria.

Figure 12: Final Recommendation of HP PhotoSmart C4580

$104.99
30 cpm

17.09 x11.42x 6.38 i

11.16 1b

The sensitivity analysis also identifies it as a preferred printer for three out of
Six criteria, indicating that the preferred printer is only expected to change if
scan resolution, black print speed, dimensions are preferred owver the other
three criteria.

6.2 LESSONS LEARNED

The lessons from conducting this study are outlined below:

§ The scope of project takes diligence and time to ensure a suitable
Hierarchical Decision Model that correctly represents the problem.
This is particulardly important in identifying an optmal decision
alternative.

§ The model helps utilize a multitude of criteria byapplying an empirical
analysis for a good decision making process.

§ The analysis of PCM helps to align the expert's judgment
guantification in order to understand and reach a consensus on the
most important criteria and how each criterion impacts the owerall
objective.

§ Using Pairwise Comparisons allowed experts (group members) to
simplify the analysis of the HDM.

6.3 FUTURE WORK

Further sensitivity analysis could be done to define the range of tolerances,
perturbation both for single and multiple. Each of the criteria can change
before they impactthe preferred alternative.

Total Cost of Ownership (TCO) was discussed as another possible criterion
among the experts to rank. However, the experts realized that TCO could
include seweral sub-criteria such as printer toner cost, paper, technical
support and repairs and goes beyond the initial purchase price established
in the scope of the project. TCO can still be included in future studies related
to purchasing consumer electronics. Due to time constraints, TCO was not
included in this study.

Utility curves were also not considered. Future models with utility curves
could be adapted to input, instead of specific criteria only. This may allow
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the model to be used for a broader range of alternatives than specifically o
a student home user.
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8. APPENDICES

8.1 APPENDIX 1 PCM SCREEN SHOTS
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8.2 APPENDIX 2: DETALED

IN THE STUDY

INFORMATION ON HOME PRINTERS
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