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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 
R B to CM K for printing, conversion to PD  most W2P re uest PD  les , 
the print provider’s RIP conversions, the speci c press, color speci cations and 
standards set by the print provider, and vendor ink consistency, among others. Even 
with industry standards such as RACo  and SW P it is dif cult 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 les when we upload them to ten popular Web2Print portals?”

With a multifactor analysis of variance of over 2  a b  readings, we found 
that in the RACo  CM K color space, the average E value across multiple colors 
is slightly smaller than in the RGB color space. Grey tones measure the highest 

E values in both color spaces- RGB and CM K- 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 E 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 les when we upload them to ten popular Web2Print portals?” Speci c questions 
explored include:

Can we expect to receive a printed piece that matches the L a b  values of the le 
submitted  and, do the results vary based on the color space of the le 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 
E rank of the print providers?

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

Methodology

The methodology for this study centers around four main points:

 Determine how the L a b  values shift between the le and the print

 Determine if print output can be controlled with le type embedded pro les

• 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 -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 re ectances intended to mimic those 
of natural ob ects such as human skin, foliage, and owers, as well as neutral greys 
as detected by typical color photographic lm.
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Figure 1: 

Figure 2:  
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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 le normally. Version two was CM K color 
space with GRACoL 200  speci cations embedded in the PD . 

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

ile reparation  Adobe  Vector Postcard
Adobe Illustrator  steps for preparing the AdobeRGB Vector le, see gures -5.

Figure 3:           
  

Figure 4:       
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ile reparation  ACo   Vector Postcard
Adobe Illustrator  steps for preparing the GRACoL Vector le, see gures - .

Figure 5:       

Figure 6:            
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Figure 7:      

Figure 8:      
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aster ector ostcard

A second postcard was created in order to provide an opportunity for a visual survey 
of a raster image, see gure 10. The raster vector postcard included the raster image 
for the visual comparison portion of the study. Once again, there were two different 
versions of the 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 pro les applied, allowing 
the print provider to process the le normally. Version two contained a CM K 
raster image with GRACoL 200  speci cations embedded.

Figure 9:       

Figure 10: Raster/vector art postcards 
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ile reparation  AdobeRGB Raster Image
Adobe Photoshop  steps for preparing the RGB Raster image, see gures 11-1 .

Figure 12: ss  ro e  ss  do e R   pro e

Figure 11: o or ett s  et or  paces do e R  a d o or a a e e t  
o c es to reserve edded ro es
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When placing the AdobeRGB raster image into the Adobe Illustrator® layout, the 
following steps were made:

1. Color Settings: Preserve Embedded Pro les 
2. Assign Pro le: Don’t Color Manage This Document
. Exported as peg for nal le upload

ile reparation  ACo  aster Image
Adobe Photoshop® steps for preparing the GRACoL CMYK raster image, see  

gures 14-1 .

Figure 13: ave s  ed o or ro e s se ected a d set to do e R  

Figure 14: o or ett s  et or  paces  R o  a d o or  
a a e e t o c es reserve edded ro es
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When bringing the GRACoL raster image into the Adobe Illustrator® layout, the 
following steps were made:

1. Color Settings: Preserve Embedded Pro les 
2. Assign Pro le: Coated GRACoL 200  
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:

Figure 15: o vert to ro e  est at o  pace oated R o   pro e

Figure 16: ave s  ed o or ro e c ec ed
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Advantages - print providers will treat our order the same as a normal consumer’s 
order and our ob will be run according to their standard work ow. 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 signi cantly 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 speci cations 
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 ndings.

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 proo ng 
option is an uncontrolled digital soft proof on a computer monitor. The customer 
approves that they are satis ed with the color to be printed based solely on what 
they are seeing on their personal computer monitor.

ile 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

Figure 17: Samples received from multiple print providers, the image on the left are from the RGB col
or space prints and the samples on the right are , ith GR o  pro le em edded
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L*a*b* Measurements

Ten of the fty 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 con rm 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 E values for each color patch on each card.

100lb glossy standard paper substrate was speci ed 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 signi cantly affecting the measurements, each 
stock was measured for paper re ectance. Based on those measurements, it was 
determined that the differences between the paper stocks was minimal between the 
printers.

Figure 18: Sample of paper re ectance graphs from three uni ue print providers



134 2015 TAGA Proceedings

isual Chec  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 le. 

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 identi ed 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, gure 19, shows the mean E and standard deviation E for each 
of the color patches in both color spaces for one print provider.

Figure 19: Chart showing an example print provider, coded as TT,  
mean   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 E, to compare across print providers  
and color spaces, see gure 20. Along the x-axis each print provider is listed 
by their code. Along the Y-axis, the grand mean E values- combination of all 

E values for all colors within a single color space- RGB or CMYK- are listed.  
Differentiation between the color spaces of the originating le are depicted by the 
lines- grand mean values of the AdobeRGB le are depicted in blue and the grand 
mean values of the GRACoL CMYK le depicted in green.

We chose to use E 7  in order to show the difference between the LAB colors on 
the submitted le and the LAB readings on the received prints without factoring 
in the perceptual differences. The grand mean E values were calculated using the 
means of all nine spot colors to get an absolute difference between the original les’ 

E values and the printed les received from each print provider. Because the E 
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 E to rank printers from 
overall closest match of the submitted LAB values to the farthest match.

In the following two graphs, gure 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, gure 21, shows the values based 
on the Adobe RGB color space le and the bottom graph, gure 22, shows the values  
measured on the CMYK GRACoL color space les.

Figure 20: This chart shows the grand mean  values for each print provider  com ining the  
values for all the measured colors within each color space  in order to visualize  

the overall color accuracy for each print provider.
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Figure 21,22: Graphs showing the mean  for each company for each of the nine measured color 
patches. The top graph shows the do eRGB le 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 E values

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

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

Print provider ER was representative of the highest performing print providers. ER 
had grand mean E 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 E 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 E 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

 values by printer color, and color space

The graphs, gures 23-25, below show the mean E values for each measured 
color. Color is listed along the y-axis and E 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, gure 23, is for print provider ER, the middle, 

gure 24, is print provider NS and the bottom graph, gure 25, is print provider EX.
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Results of the modi ed (3 x 3 x 2) analysis were as follows. There was a main effect 
for color space with GRACoL CMYK more accurate (lower E values) than the 
RGB color space. Second, and as would be expected, there was a main effect for 
printer with ndings consistent with the original analysis. And nally, there was a 
main effect for color with gray tones having the lowest E values. 

In addition, there were a number of interactions. Speci cally, color and color space 
mattered more for some printers than for others. As can be seen in gure 26 below, 
the print provider you choose matters, the color space of the le you send matters, 
and the colors within your artwork matter in regards to color consistency.

Figure 23, 24, 25: Results of the multifactor analysis for the three representative print providers
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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 speci ed target image. An ordering board was 
provided that allowed data to be quickly gathered by ipping 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 E values from each print provider. 
Results are shown below in gures 27 and 28.

Figure 26: mage showing the graph depicting main effects and the chart listing the grand mean  
values for each printer in both the GRACoL CMYK and the AdobeRGB color space.
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In gure 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 E values, in the top 5 positions and 
the samples with the highest grand mean E values in the last 5 positions. There 
was one notable exception in the participants’ rankings. That was the print provider 
EO (fourth row, gure 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 E value of 10 for all color patches except yellow-orange which had a E 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 Eof each print provider  
and how often the sample from that print provider was rated in the top ve 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 coef cient of 

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

chart shows the aggregated results from the visual comparison done by participants.
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.89, p .01, see gure 29, showing that grand mean E was a strong predictor of 
consumer satisfaction with color accuracy.

Conclusions

General Conclusions

In the GRACoL CMYK color space, overall mean E values are slightly smaller 
than in the RGB color space. Gray tones measure lower E 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 E 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 E values 
across all the print providers.

Speci c indings

With respect to color, the saturated tones had the broadest range in their E means. 
From the RGB color space, yellow/orange E means range from 26.68 to 4.56 
between print providers, red E means range from 24.21 to 5.12 between print 
providers, and green E means range from 23.13 to 2.78 between print providers. 
In the CMYK color space les, yellow/orange E means range from 22.56 to 4.18 
between print providers, red E means range from 24.62 to 2.10 between print 
providers, and green E means range from 15.02 to 3.57 between print providers. It 
can be concluded that the saturated tones were the most dif cult 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, 

Figure 29: Showing the Spearman ran  order correlation between the grand mean  values  
and their ran  order by participants during the visual chec .
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gray and green. In gure 26, gray, represented by the blue line, is closer to accurate 
(smaller E 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 dif cult color to match with E 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 E for all three colors in both color spaces only going 
above a 5 E value for the green tone in the GRACoL color space. Again, even in 
the highest performing print providers, the saturated colors are the most dif cult 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 fty 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 rst ranked printer  
in E color accuracy also was the slowest to ship and the tenth ranked printer  
in E color accuracy provided same day shipping, neither cost nor speed had a 
consistent discernible pattern with color accuracy, see gure 30.

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 E values in the top 5 positions of 
color match  and the samples with the highest mean E values in the last 5 positions.  

Figure 30: Comparison of print provider ran ing based on grand mean  
 color accuracy with the factors of cost and speed
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Additionally, the participants were, in general, satis ed with the rst six print  
provider’s samples. Based on their appraisal of which samples were acceptable, the 
participants, claimed that they were satis ed, on average, with samples that had an 
8.59 grand mean E 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 E 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 les 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. 

This study could be also be repeated with the knowledge and participation of the selected  
print providers. Then researchers could determine both the affect of different  
RIPs on the provided les and how different print processes affect color accuracy  
and consistency within the nal printed piece. Another advantage of working openly  
with the print providers could be to look at the standards and certi cations employed  
to determine how those standardized processes affect the E accuracy of the color 
patches on the end product.
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