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Abstract

Web2Print is a multi-billion dollar industry with hundreds of providers opting to
offer online print ordering to customers. A print provider can choose from dozens
of software solutions according to Web2PrintExperts.com. There are many aspects
to consider when tying current internal and external processes into a new software
solution, and perhaps color-management should be high on the provider’s list of
important factors to consider. As online shopping and mobile purchasing continues
to grow, we wanted to ask, “what happens to my color?”

Many factors affect color consistency throughout the capture, ordering, and printing
processes. Some of these include: the initial capture device, the conversion from
RGB to CMYK for printing, conversion to PDF (most W2P request PDF files),
the print provider’s RIP conversions, the specific press, color specifications and
standards set by the print provider, and vendor ink consistency, among others. Even
with industry standards such as GRACoL and SWOP it is difficult to control all
the variances the consumer introduces into the system. Although, there are many
questions about color consistency and Web2Print that could and should be asked,
the overall question this study addresses is “What happens to the expected color in
our files when we upload them to ten popular Web2Print portals?”

With a multifactor analysis of variance of over 7200 L*a*b* readings, we found
that in the GRACoL CMYK color space, the average AE value across multiple colors
is slightly smaller than in the RGB color space. Grey tones measure the highest
AE values in both color spaces- RGB and CMYK- than any other color group.
Additionally, skintones are slightly closer to their intended values in the GRACoL
color space. All print providers attained the lowest AE values, and therefore the
closest visual match, in the grey tones regardless of the provided color space.match,
in the grey tones regardless of the provided color space.

Clemson University Department of Graphic Communications and
Clemson University Eugene T. Moore School of Education
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Introduction

As we began to discuss this research study, we found that there were many questions
about color consistency and Web2Print that could and should be asked. The overall
question this study was centered upon is “What happens to the expected color in
our files when we upload them to ten popular Web2Print portals?”” Specific questions
explored include:

Can we expect to receive a printed piece that matches the L*a*b* values of the file
submitted; and, do the results vary based on the color space of the file submitted?

Is there a correlation between color quality, price, and delivery speed?

Do consumer rankings of visual color match to a target correlate to the grand mean
AE rank of the print providers?

What is a consumer’s tolerance for acceptable color differences based the grand
mean AE?

Methodology
The methodology for this study centers around four main points:
*  Determine how the L*a*b* values shift between the file and the print
*  Determine if print output can be controlled with file type/embedded profiles
» Investigate consumer’s color discrimination and threshold for color shifts

Original artwork was designed by Jonathan Balcombe, a Clemson University
Department of Graphic Communications student, class of 2015, in Adobe Illustrator
using predetermined spot colors. Layout work was completed by Emily Martin,
a Clemson University Department of Graphic Communications graduate student,
class of 2014. The vector artwork was based on an original photograph and
integrated 10 out of 24 spot colors from the X-Rite ColorChecker using the L*a*b*
values for each spot color patch. Colors from the X-Rite ColorChecker Chart were
used because the color patches have spectral reflectances intended to mimic those
of natural objects such as human skin, foliage, and flowers, as well as neutral greys
as detected by typical color photographic film.
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Figure 1: X-Rite ColorChecker Chart, shown above, including their locations on the visual spectrum
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Figure 2: Vector art postcard with 10 measurable patches of spot colors from the X-Rite
ColorChecker target; patches indicated by white circles with black outline
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Each print provider received orders for two different versions of the vector art
postcard, each order separated by at least a week to ensure separate printing days.
Version one was RGB with AdobeRGB color space applied and no further color
management. This version was created to mimic consumer behavior, allowing the
print provider’s RIP to process the file normally. Version two was CMYK color
space with GRACoL 2006 specifications embedded in the PDF.

The vector art postcard was ideal for providing accurate measurements of the color
patches, see figure 2, because each color patch was printed in a minimum of quarter-
inch sized squares of a solid spot color filled with a predetermined LAB value.

File Preparation: AdobeRGB Vector Postcard
Adobe Illustrator® steps for preparing the AdobeRGB Vector file, see figures 3-5.

Unsynchronized: Your Creative Suite applications are not synchronized for consistent color. To
¥ synchronize, select Suite Color Settings in Bridge.

Sertings: Custom Load... Save...
Working Spaces
RGB: Adobe RGB (1998)

CMYK: Coared GRACoL 2006 (ISO 12647-2:2004)

Color Management Policies
RGB: Preserve Embedded Profiles
CMYK: ' Preserve Embedded Profiles

Profile Mismatches: ¥ Ask When Opening Ask When Pasting
Missing Profiles: = Ask When Opening

Conversion Options
Engine: Adobe (ACE)
Intent: | Perceptual

v’ Use Black Point Compensation

Figure 3: Color Settings-Working spaces Adobe RGB (1998), RGB Color Management Policies:
Preserve Embedded Profiles

Assign Profile

Assign Profile
») Don't Color Manage This Document
Working CMYK: Coated GRACoL 2006 (IS0 12647-2:2004)

Profile: Working CMYK - Coated GRACoL 2006 (IS0 12647... v

Cancel

Figure 4: Assign Profile-Don t Color Manage this Document selected
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Illustrator Dptions

Version: lllustrator CS6

Fonts

Subset fonts when percent of characters used &
is less than: FT%: |

Options
¥ Create PDF Compatible File

[ Embed ICC Profiles

¥ Use Compression

Transparency

Warnings
Only fonts with appropriate permission bits will be embedded.

Cancel

Figure 5: Save As- Embed ICC Profiles left unchecked

File Preparation: GRACoL 2006 Vector Postcard
Adobe Illustrator® steps for preparing the GRACoL Vector file, see figures 6-9.

Color Settings

Unsynchronized: Your Creative Suite applications are not synchronized for consistent color. To
& synchronize, select Suite Color Settings In Bridge.

Settings: | Custom ] Load... Save...
Working Spaces

RCB: sRGB IEC61966-2.1

CMYK: Coated GRACoL 2006 (ISO 12647-2:2004)

Color Management Policies

RGB: Preserve Embedded Profiles

CMYK: Preserve Embedded Profiles

Profile Mismatches: ¥ Ask When Opening ¥ Ask When Pasting

Missing Profiles: ¥ Ask When Opening

Description:

More Options Cancel

Figure 6: Color Settings- Working spaces CMYK Coated GRACoL 2006, CMYK Color
Management Policies: Preserve Embedded Profiles
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Assign Profile

Assign Profile
Don't Color Manage This Document
Working CMYK: Coated GRACoL 2006 (1SO 12647-2:2004)

* Profile: | Coated GRACoL 2006 (150 12647-2:2004)

Cancel

Figure 7: Assign Profile- Coated GRACoL 2006 selected

Illustrator Options

Version: | Nustrator C56

Fonts

Subset fonts when percent of characters used €
is less than: B

Options
¥ Create PDF Compatible File

¥ Embed ICC Profiles

V¥ Use Compression

Transparency

Warnings

g Only fonts with appropriate permission bits will be embedded.

Figure 8: Save As- Embed ICC Profiles checked
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Adobe PDF Preset: ' [PDF/X-3:2002]

Standard: | PDF/X-3:2002 ¥ Compatibility: | Acrobat 4 (PDF 1.3)

General Qutput
Compression
Marks and Bleeds|
Qutput Color Conversion: No Conversion
Advanced

Security

Summary!

Color

PDF/X
Qutput Intent Profile Name:  Document CMYK - Coated GRACol 2006 (15O 12647-2:2... | v

Output Condition Name: |§

Qutput Condition Identifier: [

Registry Name:

Mark as Trapped

Description

Uses existing color numbers and doesn't convert them.

Cancel Save PDF

Figure 9: Save As pdf- No Conversion checked
Raster/Vector Postcard

A second postcard was created in order to provide an opportunity for a visual survey
of a raster image, see figure 10. The raster/vector postcard included the raster image
for the visual comparison portion of the study. Once again, there were two different
versions ofthe raster/vector art postcard, ordered by at least a one week apart to ensure
separate press runs. Version one was RGB with AdobeRGB color space applied
and no further color management. This version was created to mimic consumer
behavior by using RGB working space without further profiles applied, allowing
the print provider to process the file normally. Version two contained a CMYK
raster image with GRACoL 2006 specifications embedded.
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Figure 10: Raster/vector art postcards
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File Preparation: AdobeRGB Raster Image
Adobe Photoshop® steps for preparing the RGB Raster image, see figures 11-13.

Color Settings
a Unsynchronized: Your Creative Suite applications are not oK
@ synchronized for consistent color.
{—c
. ( \ ancel
Settings: | Custom | ] i
: (
Working Spaces — | Load...
S —
RC8: | Adobe RGE (1998) =)
{ Save...
——iclrdi—

CMYK: | Coared GRACoL 2006 (IS0 12647-2:2004}

ar

Gray: | Dot Gain 20%

( Fewer Optiong

Spot. | Dot Gain 20%

%"

E Preview

Color Managament Policies —

RGB; | Preserve Embedded Profiles | %]
cmvk: [ off )

.

Gray: | off >

Profile Mismatches: E Ask When Opening E Ask When Pasting
Missing Profiles: E Ask When Opening

Conversion Options —

Engine: | Adobe (ACE)

Intent: | Parceptual K i

E Use Black Point Compansation
E Use Dither (8-bit/channel images)
E Compensate for Scene-referred Profiles
Advanced Controls
"] Desaturate Maonitor Colars By: |20 %
[:} Blend RGE Colors Using Gamma: JOD

E Blend Text Colors Using Gamma: :1.45

Description

Figure 11: Color Settings- Set Working Spaces Adobe RGB and Color Management
Policies to Preserve Embedded Profiles

Assign Profile

Assign Profile:
551gn Fromnle @

() Don't Color Manage This Document

() Working RGB: Adobe RGB (1998) ( Cancel
@ profile: [ Adobe RGB (1998) 1) | # preview

Figure 12: Assign Profile- Assign Adobe RGB (1998) profile
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CRORES Save As

Save As: AdobeRGB.4if B
[«7») (z2 = ha (G007 A Q
(] 640 - (] GRACol ti...mparison
3801 & Artwork [(] sRGB photo S5 10.14
A PRBIECT ) ™ Color . et pat Bl Vector Ra...aseArt.al
[ 608 (I FINAL FILES A
i
SEARCH FORE : L:| FINAL FILES copy L ; !
= [ Latest
Format: [ TIFE [ :]
Save: [ As a Copy Notes
Alpha Channels Spot Colors
Layers
Color: Use Proof Setup: Adobe RGB (1998)

[¥ Embed Calor Profile: Adobe RGB (1998)

Figure 13: Save As- Embed Color Profile is selected and set to Adobe RGB (1998)

When placing the AdobeRGB raster image into the Adobe Illustrator® layout, the
following steps were made:

1. Color Settings: Preserve Embedded Profiles
2. Assign Profile: Don’t Color Manage This Document
3. Exported as jpeg for final file upload

File Preparation: GRACoL Raster Image

Adobe Photoshop® steps for preparing the GRACoL CMYK raster image, see
figures 14-18.

Color Settings
. Unsynchronized: Your Creative Suite applications are not
® synchranized far consistent calar.
&
0 ( ancel )
Settings: | Custom b ] ~——
’ (e N
Working Spaces \ Load... )
RGB: | sRGB IEC61966-2.1 )
( Save... )
| S —
CMYK: | Coated GRACoL 2006 (150 12647-2:2004) )
Gray: | Dot Gain 20% 3] ( More Options )
Spot: | Dot Gain 20% 3 .
) # Preview

Color Management Policies

RGE: | Preserve Embedded Profiles | %
CMYK: | Preserve Embedded Profiles | &
Gray: | Preserve Embedded Profiles | %

Profile Mismatches: ¥ AskWhen Opening (¥ Ask When Pasting
Missing Profiles: (7] Ack When Opening

Description

Figure 14: Color Settings- Set Working Spaces CMYK GRACoL and Color
Management Policies Preserve Embedded Profiles
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Convert to Profile

Source Space

ok )
Profile: sRGB IEC61966-2.1
Destination Space
Profile: [ Coated GRACoL 2006 (IS0 12647-2:2004) 13) | Mpreview
Conversion Options
Engine: | Adobe (ACE) ) Py —
[ Advanced )
Intent: | Perceptual 5 ]

[ Use Black Point Compensation
"] Use Dither

Flatten Image to Preserve Appearance

Figure 15: Convert to Profile- Destination Space Coated GRACoL 2006 profile

U Save As
Save As: | Photo GRACol.tif &)
[« » (2 =|m] [EdFinal Photos ) Q
DEVICES m (] Final Photos > Photo GRACoI2006.if
& FacultyBackup2 Photo Original m Photo sRGB.tif
{8 FacultyBackup2 Photo Ori...esized.tif
|_ XMPie uCreate Print & Rstec i eag2gut:  IF
== - . Raster Im...ption 3.tif
__| XMPie uCreate Print. & & 2
= v Raster Im...ption 1.tif n n
Format: | TIFF ' ;i
Save:  [|As aCopy Notes
Alpha Channels Spot Colors
Layers
Color: Use Proof Setup: Working CMYK
¥ Embed Color Profile: Coated GRACoL 2006 (ISO...
¢ Y ¢ Y
("New Folder ) (Cancel )

Figure 16: Save As- Embed Color Profile checked

When bringing the GRACoL raster image into the Adobe Illustrator® layout, the
following steps were made:

1. Color Settings: Preserve Embedded Profiles
2. Assign Profile: Coated GRACoL 2006
3. File converted to pdfx3 for submission to the print provider

Ordering the Postcards

Orders were placed at ten print providers using their Web2Print online ordering
system. This research was conducted as a blind study, therefore none of the print
providers involved in the study were aware that we were measuring their resultant
product. Blind studies have both advantages and disadvantages:
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Advantages - print providers will treat our order the same as a normal consumer’s
order and our job will be run according to their standard workflow. Because of the
blind study format, we knew that our order was treated just like a typical consumer’s
order.

Disadvantages - because of the blind study format, we have significantly less
knowledge regarding the print provider’s systems. We didn’t get to ask what RIP
they used, which press(es) the job was run on, or what standards or specifications
they keep in regards to color. In essence, due to this choice in methodology, we
weren’t able to explore the “how and why” aspects of our findings.

For this study, we felt that the advantages outweighed the disadvantages of using
a blind format. We would recommend a different format for a follow-up study in
order to be able to explore those additional questions.

It is important to note that because this is consumer level ordering the only proofing
option is an uncontrolled digital soft proof on a computer monitor. The customer
approves that they are satisfied with the color to be printed based solely on what
they are seeing on their personal computer monitor.

or space prints and the samples on the right are CMYK, with GRACoL profile embedded

File Measurements
Two types of measurements:

1. L*a*b* measurements using an X-Rite 530 Spectrodensitometer
2. Visual check comparing the overall color accuracy of the raster images
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L*a*b* Measurements

Ten of the fifty postcards that were ordered from each provider were pulled
in a consistent pattern for measurement using X-Rite 530 (Series 001982)
spectrodensitometer, Observer Angle: 2° D50. Nine color patches were measured
in the vector artwork on each vector-only postcard with three readings taken on
each color patch to confirm consistency in the values read. There were a total of
7200 measurements taken across all the samples. Then, the average of the three
measurements for each color patch were compared to original L*a*b* values to
calculate AE values for each color patch on each card.

1001b glossy standard paper substrate was specified in each order, however we found
there were differences in the papers. In order to determine if optical brighteners
or other stock-related issues were significantly affecting the measurements, each
stock was measured for paper reflectance. Based on those measurements, it was
determined that the differences between the paper stocks was minimal between the
printers.
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Figure 18: Sample of paper reflectance graphs from three unique print providers
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Visual Check Measurements

The visual check was completed with forty-eight participants, all of which were
Graphic Communications students, at Clemson University. Participants were given
a set of the GRACoL raster images that were printed by the print providers, ten
prints in all. Participants were also given a target that was considered the best color
match to the file.

Working in a D-50 light booth, participants compared printed raster images with a
color-managed raster target and ordered them sequentially from closest visual
match to the furthest visual match to the target image. Finally, we asked each
participant at what point in the order would not be happy to pay for the sample
because the color match was too different from the target product.

Participants ranged in age from eighteen to thirty-one. Eight participants were male
and forty were female. All of the participants identified themselves as having little
to no background in color.

Preliminary Analyses

We compared 9 colors x 10 print providers x 2 color spaces. The nine colors were
broken down into sets of three:

1. Three skintones
2. Three neutrals
3. Three saturated colors

The table below, figure 19, shows the mean AE and standard deviation AE for each
of the color patches in both color spaces for one print provider.

Printer Color Mean N

T AdobeRGE Graya 3.13314268 10
Gray6.5 2.50843202 10

Gray5 1.90082606 10

purple 537600592 10

green 10.6863497 10

red 8.655825T1 10

YellowOrange | 882912411 10

DarkSkin 4.08800147 10

LightSkin 3.89766572 10

Total 5.45281927 80

GRACoL CMYK ~ Grays 5.50077419 10
Gray6.5 4.91972857 10

Grays 1.79594059 10

purple 3.65993253 10

green 999172657 10

red 7.65225950 10

YellowOrange | 557612462 10

DarkSkin JO0TTSTII0 10

LightSkin 4.75635367 10

Total 4.95217748 90

Figure 19: Chart showing an example print provider, coded as TT,
mean AE values for each color patch measured
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In order to visualize how each company performed, we combined the data for all
the colors into a single value, grand mean of AE, to compare across print providers
and color spaces, see figure 20. Along the x-axis each print provider is listed
by their code. Along the Y-axis, the grand mean AE values- combination of all
AE values for all colors within a single color space- RGB or CMYK- are listed.
Differentiation between the color spaces of the originating file are depicted by the
lines- grand mean values of the AdobeRGB file are depicted in blue and the grand
mean values of the GRACoL CMYK file depicted in green.

We chose to use AE 76 in order to show the difference between the LAB colors on
the submitted file and the LAB readings on the received prints without factoring
in the perceptual differences. The grand mean AE values were calculated using the
means of all nine spot colors to get an absolute difference between the original files’
AE values and the printed files received from each print provider. Because the AE
76 model does not accommodate for how the human observer perceives color, the
mathematical differences between the means allows us to rank the overall color
accuracy for the nine spot colors and use the grand mean AE to rank printers from
overall closest match of the submitted LAB values to the farthest match.

Estimated Marginal Means of DeltakE

ColorSpace
m— AdobeRCE
= CRACOL CMYK

30.0

20.0

Estimated Marginal Means

1 NS EX RT RS PS 0 cr or t
Printer

Figure 20: This chart shows the grand mean AE values for each print provider by combining the AE
values for all the measured colors within each color space in order to visualize
the overall color accuracy for each print provider.

In the following two graphs, figure 21 and 22, each colored line represents a print
provider. Across the bottom of the graph are the measured colors- 3 gray tones, 3
saturated colors, and 3 skin-tones. The top graph, figure 21, shows the values based
on the Adobe RGB color space file and the bottom graph, figure 22, shows the values
measured on the CMYK GRACoL color space files.
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Estimated Marginal Means of DeltaE
at ColorSpace = AdobeRGB
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Figure 21,22: Graphs showing the mean AE for each company for each of the nine measured color
patches. The top graph shows the AdobeRGB file readings and the
bottom graph shows the GRACoL CMYK readings
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Statistical Analysis

We decided to conduct a 3 x 3 x 2 analysis of variance: 3 colors x 3 print providers
x 2 color spaces. This model gave us a clearer depiction of possible interactions
between the variables.

We chose the colors light skin, gray 6.5 and green to be representative of the color
groupings- skin tones, grays, and saturated colors. The statistical method used was a
multifactor analysis of variance conducted on SPSS software using “General Linear
Model.”

We chose three representative print providers to characterize the three levels of
print providers:

1. One print provider from the top performing group that had the lowest grand
mean AE values

2. One print provider from the “mid-range printers” who were moderately off on
their grand mean AE values

3. One print provider from the group of printers who were the farthest off, on
average, on the grand mean AE values

Print provider ER was representative of the highest performing print providers. ER
had grand mean AE values for RGB color space and CMYK color space of 3.66
and 3.90, respectively. Print provider NS was representative of the mid-level print
providers. NS had grand mean AE values for RGB color space and CMYK color
space of 9.45 and 8.59, respectively. Print provider EX was representative of the
lowest performing print providers. EX had grand mean AE values for RGB color
space and CMYK color space of 15.89 and 11.74, respectively.

We again included the two color spaces- AdobeRGB and GRACoL CMYK- for the
analysis to explore this variable for interactions.

Results
AE values by printer color, and color space
The graphs, figures 23-25, below show the mean AE values for each measured
color. Color is listed along the y-axis and AE is listed along the x-axis. The blue
line represents AdobeRGB color space and the green line represents the GRACoL

CMYK color space. The top graph, figure 23, is for print provider ER, the middle,
figure 24, is print provider NS and the bottom graph, figure 25, is print provider EX.
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Estimated Marginal Means of DeltaE
at Printer = EX

ColorSpace
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Figure 23, 24, 25: Results of the multifactor analysis for the three representative print providers

Results of the modified (3 x 3 x 2) analysis were as follows. There was a main effect
for color space with GRACoL CMYK more accurate (lower AE values) than the
RGB color space. Second, and as would be expected, there was a main effect for
printer with findings consistent with the original analysis. And finally, there was a
main effect for color with gray tones having the lowest AE values.

In addition, there were a number of interactions. Specifically, color and color space
mattered more for some printers than for others. As can be seen in figure 26 below,
the print provider you choose matters, the color space of the file you send matters,
and the colors within your artwork matter in regards to color consistency.
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Color Colorspace Mean
Gray6.5  AdobeRGB 3.660
GRACoL CMYK 2.702
green AdobeRGB 13.124
GRACOL CMYK 4.585
Lightskin ~ AdobeRGB 10.417
GRACoL CMYK 7.9835
Cray6.5 AdobeRGB 9.508
GRACoL CMYK 6.242
green AdcbeRGB 23.130
GRACoL CMYK 3.573
Lightskin ~ AdobeRGB 15.727
CRACoL CMYK | 11.811
Gray6.5  AdobeRGB 4.624
GRACoL CMYK 3.948
green AdobeRGB 2.782
GRACOL CMYK 6.242
LightSkin  AdobeRGB 3.751
GRACoL CMYK 4.424

Figure 26: Image showing the graph depicting main effects and the chart listing the grand mean AE

values for each printer in both the GRACoL CMYK and the AdobeRGB color space.

Visual Comparisons

For the visual comparison, each participant ordered the provided samples, the printed
photograph from each print provider, sequentially from closest visual match to
the furthest visual match from a specified target image. An ordering board was
provided that allowed data to be quickly gathered by flipping the board over to
reveal a color-coded system for identifying the print provider who supplied each
printed sample. Generalizations could then be made about how participants ordered
the samples in comparison to the grand mean AE values from each print provider.
Results are shown below in figures 27 and 28.
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Code GRACoL Mean Ranking
ER 3.8979 1
PS 40703 2
T 49522 3
EO 6.1819 4
RT 7.7247 5
NS 8.589 6
oT 9.1057 7
RS 9.3603 8
CT 10.015 9
EX 11.7425 10
1 2 4 5 6 7 8 9 10 |
1 ER 23 8 2 1 3 6 1 3 0 0 !
2 PsS 1 4 11 6 6 3 3 4 2 0
L 9 7 3 9 3 1 0 0 .
4 EO 3 3 4 5 3 3 11 3 1 0
5 RT 5 (] 6 9 4 2 4 0 0
6 NS 3 ] 10 9 8 5 3 1 2 1
7 oT 1 3 4 7 5 8 8 6 2 4
8 RS 0 4 1 3 4 - 15 6 13 0
9 CT 1 0 0 0 1 1 2 6 0 28
10 EX 0 1 1 1 1 4 6 4 17 13

On average people are satisfied with the first 5.79 output samples |

Figure 27, 28: The top chart shows the grand mean AE of the measured GRACoL color patches for
each printer in order from lowest AE to highest and the associated print provider code. The second
chart shows the aggregated results from the visual comparison done by participants.

In figure 28, it can be seen that although participants did not rank the samples in the
same order, the trend shows that they did tend to keep the samples from the 5 print
providers, those with the lowest grand mean AE values, in the top 5 positions and
the samples with the highest grand mean AE values in the last 5 positions. There
was one notable exception in the participants’ rankings. That was the print provider
EO (fourth row, figure 28), which seemed to have a different distribution in ranking
order than anticipated. Although we are unsure of the exact cause of the difference
in visual ranking for this sample, we did notice that, this print provider had below
a AE value of 10 for all color patches except yellow-orange which had a AE value
of 15.01, so perhaps the difference in that particular tone was especially noticeable
to our participants.

We also examined the relationship between the grand mean AEof each print provider
and how often the sample from that print provider was rated in the top five printers
for visual match by the participants. The measure of association used was Spearman
rank order correlation (n=10). We obtained a rank order correlation coefficient of
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.89, p=.01, see figure 29, showing that grand mean AE was a strong predictor of
consumer satisfaction with color accuracy.
Correlations

meandeltaeG
R topSasrank
Spearman's rho meandeltaeGR  Correlation .
Coefficient 1.000 .888
Sig. (2-tailed) . .001
N 10 10
topSasrank Correlation w
Coefficient -888 1.000
Sig. (2-tailed) .001 .
N 10 10

** Correlation is significant at the 0.01 level (2-tailed).

Figure 29: Showing the Spearman rank order correlation between the grand mean AE values
and their rank order by participants during the visual check.

Conclusions
General Conclusions

In the GRACoL CMYK color space, overall mean AE values are slightly smaller
than in the RGB color space. Gray tones measure lower AE values in both color
spaces- RGB and CMYK- than any other color grouping. Skintones are slightly
closer to their intended values in the GRACoL color space than in the RGB color
space. All print providers attained the lowest AE values, and therefore the closest
visual match, in the gray tones regardless of the provided color space. On the other
hand, saturated tones- yellow/orange, red, and green- had the highest AE values
across all the print providers.

Specific Findings

With respect to color, the saturated tones had the broadest range in their AE means.
From the RGB color space, yellow/orange AE means range from 26.68 to 4.56
between print providers, red AE means range from 24.21 to 5.12 between print
providers, and green AE means range from 23.13 to 2.78 between print providers.
In the CMYK color space files, yellow/orange AE means range from 22.56 to 4.18
between print providers, red AE means range from 24.62 to 2.10 between print
providers, and green AE means range from 15.02 to 3.57 between print providers. It
can be concluded that the saturated tones were the most difficult for print providers
to accurately reproduce and that there was a vast difference between print providers
color accuracy within these tones.

With regard to print providers, both the mid-level print provider and the lowest
performing print provider have similar results on the three colors- light skintone,
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gray and green. In figure 26, gray, represented by the blue line, is closer to accurate
(smaller AE value) than the other two colors. As for color spacing, both gray and
light skintone perform slightly better (but not statistically better) in the GRACoL
color space than in the RGB color space. For print providers NS and EX, green is
the most difficult color to match with AE values of 23.13 and 13 respectively in
the RGB color space and 3.57 and 4.59 respectively in the GRACoL color space.
Print provider ER, representative of the highest performing print providers in the
study, measured less than a 5 AE for all three colors in both color spaces only going
above a 5 AE value for the green tone in the GRACoL color space. Again, even in
the highest performing print providers, the saturated colors are the most difficult to
recreate with accuracy.

We also looked at the discernible pattern between cost, speed and quality. Cost per
order of postcards, ranged in price from $37.44 to $163.97 per fifty post cards.
Delivery speed ranged from same day shipping to eight days from the order being
placed until it was shipped from the printing facility. Although the first ranked printer
in AE color accuracy also was the slowest to ship and the tenth ranked printer
in AE color accuracy provided same day shipping, neither cost nor speed had a
consistent discernible pattern with color accuracy, see figure 30.

Shipped # of
GRACoL Cost per 50- days after
Code Ranking CMYK ordering
ER 1 $64.05 8
PS 2 $57.77 2
TT 3 $116.99 1
EO 4 $72.50 1
RT 5 $163.97 6
NS 6 $161.40 2
oT 7 $140.86 1
RS 8 $37.85 1
CT 9 $68.90 3
EX 10 $159.43 same day

Figure 30: Comparison of print provider ranking based on grand mean
AE color accuracy with the factors of cost and speed
Finally, in regards to the visual comparison, although participants did not rank the
samples in the exact same order, the trend shows that they tended to keep the samples
from the 5 print providers with the lowest mean AE values in the top 5 positions of
color match; and the samples with the highest mean AE values in the last 5 positions.
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Additionally, the participants were, in general, satisfied with the first six print
provider’s samples. Based on their appraisal of which samples were acceptable, the
participants, claimed that they were satisfied, on average, with samples that had an
8.59 grand mean AE value or below.

There are many directions that future research could take to further explore how
Web2Print systems process and handle color and the consumer’s tolerance for
variation between initial input and the printed output. Suggestions for further
research include using different photographs and vector images to see how visual
perceptions change when AE values for different predominate colors exist in the
original artwork. Color does produce an emotional response for participants, so
photographs with different predominate colors and sensitivity to variance could
affect participant ordering of files for the visual check aspect. Future studies might
also consider using an eye-tracking program to show which areas of the photograph
and which colors participants’ factor most heavily when determining color accuracy
rankings.

Thisstudycouldbealsoberepeated withtheknowledgeandparticipationoftheselected
print providers. Then researchers could determine both the affect of different
RIPs on the provided files and how different print processes affect color accuracy
and consistency within the final printed piece. Another advantage of working openly
with the print providers could be to look at the standards and certifications employed
to determine how those standardized processes affect the AE accuracy of the color
patches on the end product.
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