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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. Us ing our group 
members  as experts, and scope focused on multifunction, or “all-in-one”, printers  
to provide a s ingle solution for all of our printing, copying, and scanning needs.  
Multi-function printers have become more popular and affordable. This  paper 

presents s ix criteria expert users  of all-in-one printers, have identified as critical in 
purchas ing an all-in-one printer for student home use. Thes e s ix criteria were 
applied to an HDM (Hierarchical Decision Model), a decis ion making tool for 
addressing this problem .    
 
A review of related literature and s tudies  provided background information on 

hierarchical decis ion-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 decis ion-making model and the results  gathered 
from Pairwise Comparisons, a prospective printer buyer could optim ise their 

selection of a printer for s tudent home use. The paper concludes  with sensitivity 
analys is and recommendations for purchas ing a multifunctional printer for s tudent 
home use, based on the HDM presented in the study.  The results and analys is  
demonstrated that HP PhotoSmart C4580 is  the most important alternative that 
meets  the problem objective “Highes t Value All in one Printer” between $100 and 
$200. 
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1 . I NTR OD UC TIO N 

As the world continues  to be more complex, decis ion making under conflicting 
objectives  also becomes difficult. [8][9] However, there are many tools  designed to 

help decis ion makers  in making better in formed choices by breaking down the 
problem into a series of logical and s tructured hierarchical s teps [8] Ultim ately, 
helping decis ion maker(s) with better informed choices and easier understanding 
of alternatives . Thus , a topic was first set to gain an unders tanding of decis ion 
making and its application to com monplace consumer purchas ing decis ions; this  
paper will  discuss choosing a printer to purchase for a s tudent home user. 

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

A Hierarchical Decis ion Model (HDM) with sensitivity analysis  was created for a 
s tudent home user to m ake a good purchasing decis ion.  The team members wil l 

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 firs t section will cover the goals of this study and assumptions.  Then the 
research methodology wil l be discussed to understand scope, limitations, 
li terature review and criteria used.  Next, the conceptual fram ework: HDM, Pairwise 
Comparisons and Sensitivity Analys is.  The final sections will cover the 

recommendations, conclus ions and lessons learned.  

 
1 .1  GO AL S  O F THE  STU DY   

The objective s tatement is an example of a multi-criteria problem . The study 
contributes  to the growing number of related li terature in Engineering Management 
that applies theoretical framework and empirical analys is  to the concept of 
decision-making.  This  paper wil l focus on one of these tools (i.e. Hierarchical 
Decision Model).  

The project aims to achieve the following: 
 
n To gain an understanding of decis ion-making and its  application to 

com monplace consumer purchas ing decis ions . 

n To identify a suitable decis ion model for purchasing an All-in-one printer for 
s tudent home use.  
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n To make recommendations for optimising a decis ion for purchas ing a 

printer using the notations and results from appropriate Decis ion Model(s) 
and sensitivity analysis .   
 

1 .2  AS SUMP TIO NS 

The following assumptions were made in this project: 

§ The project team members are the experts thus provid ing Pairwise 
Comparis on values . 

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

§ Experts have a lim ited budget of $200 and would not choos e a new 

printer under $100. 

§ Criteria and decision alternatives identified are key factors  to 
purchasing a home printer for a student.  

§ All  conditions  in the decis ion process wil l remain constant (e.g. no new 
versions of printer models , no changes in price, etc). 

§ All  levels  identified in the decision hierarchy are sufficient to give a valid 
evaluation of the decis ion problem to student home user. 

§ Experts cons ider any specification not stated in the criteria of no 
importance to the HDM.  

2 . R ES EAR CH  ME TH O DO LO GY  

2 .1  SCOP E  A ND  LI M ITATI O NS   

2.1.1  SCOPE INCLUSIONS 

There are several home printer models  that have a range of features  appealing to 

s tudent home user. The following components  are within the scope of this  project: 

Printer price range and Functionality - all experts determ ined 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 s earch manufactures ’ website for available products  for the 
HDM. Figure 1 below is  an il lus tration of the impact level for this  project here in 
referred to as the objective level. 
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Figure 1: Level 1  Objective 

 

2.1.2  LIMITATIONS 

Printer models used in this s tudy 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  s tudy is  encouraged to cons ider this  approach 
and adapt the HDM to their set of purchasing criteria.  

Time pressures did not allow the team members  to conduct additional 

research in the areas of: (1) additional surveys to improve data gathering, 
(2) applying utility theory and (3) Total Cost of ownership.  

2 .2  ME THO DO LO GY   

The objective of our project was to use a decision model to purchase the 
highest “value” printer for s tudent home use. After, searching webs ites, four 
vendors and six printer alternatives met the defined criteria.  All  six team 

members  were experts in the printer selection process. The following items 
were used for the methodology: 
 

• Literature Review  
o Relevant HDM models 
o Defined criteria from Manufactures  product specifications 

• Model 
o HDM 
o Pairwise Com parisons for each level of the HDM 
o Calculations to determine overall printer weightings 
o Sensitivity Analys is 

The following section wil l describe each of these in more detail. 

2.2.1  LITERATURE REVIEW  

As part of the research methodology, a prelim inary li terature 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 decis ion. 

O bje ctive:  

Highe st Va lu e  Pri nte r 

All in 1  printer : scanning, copying, card  

reader, & Wireless networking capabilit y 

 bet ween $100 and $200. 
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Researchers  and s tudents have conducted numerous examples  of the art 

of decis ion making with multip le criteria. Baird (1989) argues  that a decis ion 
and its  process  must be defens ible to superiors , subordinates and peers  
[4]. On this  note, the methodology us ed in this  paper in regard to the printer 
decision process  wil l attempt to answer the following questions for it to be 
jus tifiable; (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. decis ion alternative) s ingle out as  best? 
 
Multi-criteria decisions are more complex than single-criterion ones  
because of the difficulty of finding an alternative that outweighs all others  
with respect to all  criteria [8]. Therefore, there is  a need to break the problem 

down and represent it in a much s impler form. The Hierarchical Decis ion 
Model becomes useful in this  ins tance. 
 
Majority of the work conducted in this  fie ld follow a fundamental approach of 
breaking the decision problem  down into m anageable chunks represented 
by the following steps [5]: 

 
1. Identify the issue that triggers a decis ion process  
2. Formulate a model 
3. Data gathering 
4. Solving the model (i.e. defining criteria and sub-criteria) 
5. Results  interpretation (could be from judgment 

quantification/Pairwis e Comparisons among alternatives, util ity 
curves , sensitivity analysis ) 

6. Implem entation of the results 
  
The typical starting point to trigger a decis ion process is  the es tablis hment 
of objectives such as  in this  paper (e.g. Purchasing the highes t value printer 

at the least cost for s tudent home use) [11]. 
 
Examples  of related work in the application of Hierarchical Decis ion 
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 decis ions .[8]  The HDM model uses a framework of hierarchical 
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levels to represent the problem  and important criteria for both qualitative and 

quantitative ass ess ments .  Typically there is  the first level that is a clear 
problem s tatement, referred in the HDM model as objective.  The middle 
level represents the criteria and number of levels  is  dependent on the 
hierarchy and decis ion alternatives.  The final level represents the decis ion 
alternatives  to the decision maker.  Therefore, model is  adaptable for 
appropriate levels for evaluation of a problem. See Figure 2 of a typical 

MOGSA HDM. [4] 
Figure 2:  MOGSA Hierarchical Decision M odel [4] 

 
 

“The appropriate number of levels  is  the first challenge in HDM model. Too 
much information and level wil l demand s ignificantly more information and 
measurements.  Additionally, too few levels  wil l 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 evaluating alternatives. 
  
Additional benefit of flexibil ity using a HDM model, once created, there are 

several methods used to evaluate the alternatives: 1) Analytic Hierarchy 
Process (AHP), 2) colum n-row orientation, 3) constant-sum, or 4) least 
dis tance 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 com paring elem ents in pairs  to 

determ ine 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]  For example:  

A=75 and B=25   (A is  3 times 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 determ ine the relative order or ranking 
of elem ents 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 of the elem ents at each level of the HDM. 

3 . C ON CE P TU AL  FR AMEWO RK   

3 .1  HD M AND  PAI RWIS E COM PARI S ONS 

3.1.1  DEFINIT IONS AND RATIONAL OF LEVEL 2 CRIT ERIA 

After the problem  and objective were defined, the next step is  the level 2 
criteria of the HDM.   Again the most tim e 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 
purchas ing as  follows: (1) Brand, (2) Price, (3) Scan Resolution, (4) Black 

Print Speed, (5) Dim ens ions, 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, serviceability and reliabili ty. 

§ 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 
com parison 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  meas urement applies  to printers with 
copier features. Speed is the number of pages a laser or inkjet printer 
can produce in one minute.  Generally the speed increases as the 

price of the printer increases. Normally inkjet and las er printers have 
3 levels  of quality settings: draft, normal, best. The higher the quality, 
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the lower the print speed. All data provided by manufacturer.[18]  As  a 

s tudent it is important to have speed for last minute deadlines and 
time is  important not to was te. 

§ 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, 
desk dimensions , room configurations, etc.) 

§ Weight –express es the mass  of the printer, measured in lbs.[15]   

Space restriction can require moving the printer for use and may 
also require us ing shelves  that have weight limitations. 

 
Figure 3: Level 2 Criteria 

 

After the Level 2 was defined, m ore research was done on manufactures’ 
specifications to find the alternatives that contained each of the Level 2 
criteria and Level 1 objectives .  Six alternatives were identified as  meeting 
the defined criteria:  HP Photosmart C4580, HP Photosmart C4599, HP 

Photosmart C6380, Canon Pixma MP620, Brother DCP-585CW, and Epson 
Artis an 700. These are il lus trated in Figure 4: Printer Alternatives with 
Manufactures’ Specifications.     
 
 
 

 
 
 
 
 
 

 
 
 
 
 
 

 
 

Objective:  

Highest Value Pr inter 
All in 1 printer: scanning, copy ing, c ard  

reader, &  Wire less networking c apability  
 betwe en $100 and $200. 

 

Brand  Scan  

Resolu tion 

Black P rint 

 Speed  

Dimensio ns P rice Weight  

Figure 4: Printer Alternatives  with M anufactures' Specifications 

Product Comparison HP Photosmart C4580 HP Photosmart C4599 HP Photosmart C6380

Price $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 lb 11.16 lb 16.4 lb
Scan resoluiton 1200 dpi 1200 dpi 4800 dpi

Product Comparison

Price
Black  print speed (max)

Dimensions

Weight
Scan resoluiton

Canon PIXMA MP620 Brother DCP-585CW Epson Artisan 700

$149 $119.99 $149.99
26 ppm 33 ppm 38 ppm

17.8 x 14.5 x  6.9 in 15.4 x 14.4 x 5.9 in 17.6 x 23 x  5.9 in

18.7 lb 15.7 lb 20.5 lb
2400 x  4800 dpi 1200 x 2400 dpi 2400 dpi
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These six alternatives were then used to cons truct the final HDM in Figure 

5:HDM Highes t “Value” Printer.  The first level of the HDM is the objective, the 
second level is the critical criteria, and the third level is  the alternatives that 
met the defined criteria. 

Figure 5: HDM Highest "Value" Printer 

 

3.1.2  CRITERIA WEIGHTING 

The PCM software was used for each level to determ ine the com bined 
preference of all experts.  PCM is  a software product that util izes 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 incons is tency (internal) for each individual.  Generally, a 
value of < 0.10 is  an acceptable level of inconsis tency.[8] Disagreement is  
defined as “A measure of how s imilar the respondents’ comparisons were.  
A value near zero indicates that all  respondents entered very close weights.” 
[3]   Therefore, lower values of both disagreement and inconsis tency will 

help ensure quality weight assess ment.[3]  Arriving at acceptable values 
can be time intensive to  get all  experts agree. 

Objective:  
Highest Value Printer 

All in  1 p rinter: s cannin g, co pying, card
reader, & W ireless netwo rkin g capab ility

 b etween $100  an d $200. 
 

Brand Scan 

Resol ution

HP  

Photosm art
C4580 

Black  Print

 Speed 

Dimensions

HP  

Photosm art
C6380 

 

Brother 

DCP-585CW

Epson 

Artisan 700

HP  

Photosmart
C4599 

 

Canon 

PIXMA  
MP620 

P rice Weight

Level 1: 

Objective  

Level 2: 

Cr iteria 

Level 3: 

Alternative

s 
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Figure 6: PCM Screen Shot of Objectiv e v s. Criteria  

 

 

 

 

In Figure 6: PCM Screen Shot of Objective vs. Criteria the mean for each 
criterion becomes the PCM’s  relative weights for Level 2 criteria.  The 
following list the values compared relative to the Objective that were added 
to the 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 
• Dimens ions: 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 im portant, followed by Black Print Speed and Scan 
Resolution, and las t was Dimensions and Weight.  Experts agreed this  
seemed logical and verified their judgments. 

Acceptable Disagreement among 

experts  

Acceptable 

inconsistency 

≤ 0.1 for each 

expert 
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Figure 7: HDM  Level 2 Comparison Results 

 

 

 

 

 

 

 

 

 

 

 

3 .2  AN ALY SI S  O F HDM  & PCM RES ULTS 

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 colum ns 
1, 2, and 3 being equally preferred by each expert.  Additionally, for brand, 
disagreement among all experts  and inconsis tency for each individual had 
relatively low value, an acceptable level among experts.    

Figure 8:PCM Snapshot Of Brand Vs. Alternatives  

 

 
 

Acceptable 

inconsistency 

≤ 0.1 f or each 

expert 

Acceptable Disagreement among 

experts  

Objective: 
Highest Value Printer

All in 1 printer: scanning, copying, card 
reader, & Wireless networking capability

between $100 and $200.

Brand
0.27

Scan
Resolution

0.12

HP 

Photosmart
C4580

Black Print
Speed
0.14

Dimensions
0.10

HP 
Photosmart

C6380

Brother

DCP-585CW

Epson

Artisan 700

HP 
Photosmart

C4599

Canon
PIXMA 

MP620

Price
0.27

Weight
0.11
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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 calculations are 
shown for HP Photosmart C4580. Brand, Price, Scan Res olution, Black Print 
Speed, Dimension, and Weight represent the values identified for HP 
Photosmart C4580 through the PCM software. Figure 9 Example Calculation 
for HP Photosmart C4580 is an il lus tration of an example calculation for the 

contribution of a decision criterion to the overall  
 
objective for brand.  

 

(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 decis ion 
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 overall objective.[4] 

Figure 10: Contribution to Ov erall Obj ective  display exam ple 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 of the HDM in Figure 7: HDM Lev el 2  Comparison Results.   

                       

Figure 9: Example Calculation for HP Photosmart C4580 
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Figure 10: Contribution to Overal l Objective 
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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 PIXMA M P620: 
(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 . R EC OM ME N DATIO N 

Based on the experts’ input, alternative 1, HP PhotoSmart C4580 (value of 
0.22), is  the highest “value” printer s ince it has  the larges t contribution to the 
overall objective as defined in Section 3.2. ANALYSIS OF HDM & PCM RESULTS.  
Second and third highest “value” printers were close behind with 
contribution 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 

 
 

 Objective:
 Highest Value Printer

 
All in 1  p rin ter: scanning, copying, card

 reader, & Wireless n etworkin g cap ability
 

 b etween  $ 100  and  $ 200.
 

 

Bran d Scan  
Resolu tion 

HP  
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 Speed  
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HP  
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HP  
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Canon  
PIXMA
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5 . S EN SI TI VI TY ANALYS I S 

Sensitivity analys is is defined as “the careful study of the respons iveness of 
conclus ions to changes  or errors  in parameter values and assumptions.” 

[5]. It is  used to improve the HDM by identifying when changes in expert 
values might impact the preference of alternatives.  
 
The sensitivity analysis  conducted in this s tudy, 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 s ixth 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 of dominated 
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) 
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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) 

 

 
Price: 

As expected, when extreme value dominant, the leas t expensive 
model is  chosen, see Table 3 : Weightings for Price.  
 

Table  3: Weightings for Price (Extreme Value 0 .95) 

 
 
With mean value dominant, the alternative does not change, see  

Table 4: Weightings for Price (Mean Value 0.50).  
 

Table 4: Weightings for Price (Mean Value 0.50) 
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Scan Resolution: 

As expected, with extreme value dominant, the alternative with the 

highes t scan resolution received the highest weighting, see Table  6: 

Weightings for Scan Resolution. 
 

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

 
 

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) 
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Black Print Speed: 

As expected, when extreme value dominant, the alternative with the 
greatest print speed received the highes t weighting, see Table  7: 

Weightings for Black Print Speed (Extreme Value 0 .95). 
 

Table 7: Weightings for Black Print Speed (Extreme Value 0 .95) 

 
 

In contras t, with mean value dominant, there is indifference among 
five of the s ix 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 (M ean Value 0.50) 
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Dimensions:  
WxDxH is  not intuitive to predict, since each dimens ion may have a 
different importance to an expert.  
 
When extreme value dominant, the alternative 5 was chosen, see 
Table 9: Weightings for Dimensions (Extreme Value 0.95). In contras t, with 

mean value dominant, there is  indifference among three of the six 
alternatives, see Table  9: Weightings for Dimensions (Extreme Value 

0.95). Showing dimensions is  sensitive to changes in Level 2 criteria 
weightings. 

 

Table  9: Weightings for Dimensions (Extreme Value 0 .95) 

 
 

In contras t, with mean value dominant, there is  indifference among three 
of the s ix alternatives , see 

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

 

Table 10: Weightings for Dimensions (Mean Value 0.50) 
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Weight: 

As expected, when Weight is dominant, the alternatives with the 
lowest weight (lbs.) received the highest weighting, see Table 11: 

Weightings for Weight (Extreme Value 0 .95) 
 

Table  11: Weightings for Weight (Extreme Value 0 .95) 

 
 

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) 
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Table 13: Summary of Sensitiv ity 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 
analys is  provides confidence in the recom mendation.  The key 
points are lis ted below: 
 

• Black Print Speed and Dimensions  are sens itive, within this  
dominance range, to change the recom mendations. 

• Mean Value Dominant had five criterion that confirmed the HP 
Photosmart C4580 as the highest value printer. 

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

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

 
Table 13: Summary of Sensitivity Analysis 

 

 

6 . C ON CL US I ON ,  LE SS O NS  L E AN E D AND  F U TU RE  WO RK   

6 .1  CO NC LUS IO N 

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

using the HDM.  Figure 12: Final Recommendation of HP PhotoSmart C4580 
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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  

 

 

 

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

three criteria.  

6 .2  LE S SO NS  L E AR NE D  

The lessons from conducting this  study are outlined below: 
 
§ The scope of project takes  dil igence and time to ensure a suitable 

Hierarchical Decision Model that correctly represents the problem. 

This  is  particularly im portant in identifying an optim al decis ion 
alternative. 

§ The model helps util ize a multitude of criteria by applying an empirical 
analys is for a good decision making process. 

§ The analysis  of PCM helps to align the expert’s judgment 
quantification in order to unders tand and reach a consensus on the 

most important criteria and how each criterion impacts the overall 
objective. 

§ Using Pairwis e Comparis ons allowed experts (group members) to 
s implify the analysis  of the HDM. 

  
6 .3  FU TUR E WORK  

Further sensitivity analysis  could be done to define the range of tolerances, 
perturbation both for s ingle and multip le.  Each of the criteria can change 

before they impact the preferred alternative. 

Total Cost of Owners hip (TCO) was discussed as another poss ible criterion 
among the experts  to rank. However, the experts realized that TCO could 
include several sub-criteria such as printer toner cos t, 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. 

Util ity curves were also not considered.  Future models  with utility curves  
could be adapted to input, ins tead of specific criteria only.  This may allow 

 Product Comparison HP Photosmart C4580

Price $104.99
Black print speed (max) 30 cpm

Dimensions 17.09 x 11.42 x  6.38 in

Weight 11.16 lb
Scan resoluiton 1200 dpi
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the model to be used for a broader range of alternatives  than specifically to 

a s tudent hom e user. 
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8 . APP E ND IC E S  

8 .1  AP P EN DI X  1 P CM S C RE EN  SH OT S  
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8 .2  AP P EN DI X  2:  DE TAI L ED  IN F OR MATIO N O N H OM E P RI N TERS  SU G GE STE D 

I N THE   STUD Y  

 



 

35  OF  4 0 

 

 

 

 
 



 

36  OF  4 0 

 



 

37  OF  4 0 

 

 
 
 



 

38  OF  4 0 

 

 
 

 
 
 
 
 
 

 
 
 



 

39  OF  4 0 

 

 
 
 


