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package instances with that feature. The Feature Location Commonality Index is then calculated as:

(.%tsFtU@esy (5)
The FACI and FLCI are measures of the commonality of a feature across all the labels. Averaging the values
for all of the features gives the Aggregate Feature Area Commonality Index (AFACI) and Aggregate Feature
Location Commonality Index (AFLCI). The MATLAB code for these calculations can be found in Appendix 0
and C. The methodology using MATLAB required much less time compared to the Solidworks™ method,

and could potentially be used by someone no familiar with the software.

B. Results
1. Heparin

Table 1 shows the AFACI and AFLCI of heparin labels from all manufactures used at Geisinger (APP,
Sagent, Pfizer, and Medefil). Certain features, like brand name (BN), active ingredient (Al), concentration
(C), and volume (V) are isolated and are also shown in the table. BN+Al almost always appear together
and are distinctly separated from the rest of the label through unique formatting. This is true for
concentration and volume as well. Figure 8 shows a heparin label reproduced in actual scale. The Al + BN,
concentration, and volume are highlighted in red. The rectangle shows the area used to calculate the FACI,

and the centroid of the rectangle is the point used to calculate the FLCI.
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Figure 8: APP Heparin Label in real life scale. The important features are labeled.




Table 1: Heparin AFCI for all manufacturers

AFACI AFLCI
All 0.58 0.61
BN+AI 0.47 0.67
C+Vv 0.36 0.52
Other 0.60 0.62
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The results from this analysis show an area of the AFACI and AFLCI that needs improvement. The AFACI
for brand name, active ingredient, concentration, and volume are much lower than the AFACI for all
features. However, these features were determined to be more important in a professional’s selection
process than the other features. (This will be explained in further detail in Section 1V). The AFLCI for the
BN and Al are higher than the AFLCI for all features, but the AFLCI for concentration and volume are lower
than the index for all features. This indicates that the most important features’ location and area vary

more than the other features.

Table 2: Heparin AFCI for Sagent

AFACI AFLCI
All 0.64 0.79
BN+AI 0.95 0.64
C+Vv 0.67 0.66
Other 0.63 0.81

A similar trend is observed when the data is broken up by manufacturer. The results of the
commonality analysis from the manufacturer Sagent are in
Table 2. The vials from the manufacturer Sagent come in three different sizes: two 10 mL, one 1 mL, and
two 2 mL. A quick visual inspection shows that the layout changes with the vial size (Figure 9). The
orientation of BN+Al, concentration, and volume for the 10 mL vial is different than the others, and the 1
mL label has different formatting for the volume and concentration. The area of the BN+Al are much
more common than that of other features. However, the locations of the more important features vary

more than other features.
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Figure 9: Sagent labels. The bottom right and bottom labels are post FDA mandate. The others are pre-mandate. (not to scale

due to size differences between labels)

The manufacturer APP has greater overall commonality compared to Sagent, with much higher

commonality in location (refer to Table 3 below). The vials from this manufacturer come in three different

sizes; one 10 mL, one 1 mL, and two 5 mL. A quick comparison shows that the general layout doesn’t

change much between different vial sizes (Figure 10). This is much different than the labels for Sagent,

which change orientation when vial size increases. The area and location of the concentration and volume

vary more than all other features. The AFACI for BN and Al are higher than the overall index, while the

AFLCl is about the same. The AFACI and AFLCI are higher than the average of the 4 more important

features.

Table 3: Heparin AFCI for APP

AFACI AFLCI
All 0.78 0.91
BN+AI 0.81 0.92
C+Vv 0.63 0.84
Other 0.80 0.92
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Figure 10: All APP labels. The top right label is post FDA mandate. The others are pre mandate

Medefil has the highest commonality of all three manufacturers (refer to Table 4 below). Medefil
produces syringes rather than vials, and both are 5 mL. A quick comparison shows that the general layout
doesn’t change (Figure 11). The labels are from pre and post FDA mandate, and the lower AFACI for the

concentration and volume reflects this change.

Table 4: Heparin AFCI for Medefil

AFACI AFLCI
All 0.93 0.95
BN+AI 0.99 0.86
C+V 0.86 0.90
Other 0.94 0.97
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Figure 11: All Medefil labels. The top right label is post FDA mandate. The others are pre mandate
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Table 5 has the results of the analysis for vials only. The commonality should increase if the
syringes are taken out of the AFACI and AFLCI analysis because the general layout of the syringe labels
differs a lot from that of the vials. This trend is true for the overall AFLCI and AFLCI. The indexes are still

lower compared to the indexes for individual manufactures due to the varying formats.

Table 5: Heparin AFCI for all vials

AFACI AFLCI
All 0.62 0.65
BN+AI 0.67 0.63
C+V 0.47 0.63
Other 0.63 0.65

Table 6 and Table 7 show the results of the analysis preformed on labels before and after a FDA
mandate to change the format of concentration info. The analysis includes all container types (vials and
syringes). In general, the commonality of the location increased after the mandate. However, the area
commonality for the four important features decreased as a result. The overall AFACI is a bit misleading
in terms of showing an improvement from the FDA mandate. See Figure 12 for both before and after

mandate labels.
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Figure 12: Comparison of Before FDA Mandate (left) and After FDA Mandate (right)
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Table 6: Heparin AFCI for labels before FDA mandate

AFACI AFLCI
All 0.60 0.57
BN+AI 0.50 0.60
C+Vv 0.44 0.52
Other 0.61 0.57

Table 7: Heparin AFCI for labels after FDA mandate

AFACI AFLCI
All 0.63 0.63
BN+AI 0.41 0.72
C+Vv 0.37 0.55
Other 0.65 0.63

The sizes of the containers also has an effect on the AFACI and AFLCI. Sagent changes the
formatting on larger vials, rotating some features. This changes the location of the centroid, and the effect
is shown in a lower FLCI when compared to the other manufacturers. The orientation could potentially be
included in future commonality measures if more instances of varying orientations were exhibited in the
sample set.

The AFACI and AFLCI for individual manufacturer are higher than that of a combined index. This
shows a lack of unified formatting for labels despite the FDA mandating a change in the labeling system.
Many of the cases show that the AFACI and AFLCI for BN, Al, concentration, and volume are lower than
the overall index. There is a need to improve the AFACI and AFLCI to reflect the importance of these
features when taking a vial or syringe out of storage. These features are among the list of important

features identified by the conjoint analysis in Section IV and the FMEA in Section V.

2. Insulin
Table 8 shows the AFACI and AFLCI of Insulin labels from all manufactures used at Geisinger (Lilly,

Novo-Nordisk, and Sanofi-Aventis). Brand name (BN), active ingredient (Al), concentration (C), and volume

(V) are isolated and are also shown in the tables below.
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for OTC drugs are 0.78 and 0.82 respectively, and the average AFACI and AFLCI for prescription drugs are

0.79 and 0.85 respectively.

Table 11: AFCI for various other over the counter drugs and pharmacy drugs

AFACI AFLCI

Tylenol® 0.72 0.79
Triaminic® 0.876 0.90
Theraflu® 0.80 0.83
Dulcolax® 0.71 0.765
Sagent 0.64 0.79
APP 0.78 0.91
Medefil 0.93 0.95
Lilly 0.81 0.76
Mylan 0.78 0.86

There is no clear improvement of consistency between OTC and prescription drugs, though some
manufacturers such as Medefil, Lilly, and Mylan are above the average versus OTC drugs in terms of AFACI.
These manufacturers have relatively consistent size of all features. The AFLCI of APP, Medefil, and Mylan
are higher than the average of the OTC drugs, showing a greater consistency of locations for all features.
There are some inconsistencies when some feature commonality indexes are considered.

The AFACI of BN+AI for Lilly is significantly lower than the OTC average (0.56 vs 0.78), but the
AFACI of Sagent (0.95), APP (0.81), Medefil (0.99), and Mylan (0.81) remain more consistent than the
overall average of OTC drugs. Concentration and volume AFACI for Medefil (0.86), Lilly (0.88), and Mylan
(0.84) have above average values. Sagent and APP fall to well below average at 0.67 and 0.63 respectively.
AFLCI numbers are a bit more consistent, with Sagent and Lilly falling below the average, for overall and
individual FCI of drug name, concentration, and volume. APP, Medefil, and Mylan are above average for
these features.

AFACI and AFLCI may not give a clear picture when comparing different drugs with such a wide
range of numbers for the commonly used features. The aggregate doesn’t accurately represent the more

commonly used information. The features classified under “Other,” such as the manufacturer’s address
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or an “Rx” symbol, can increase the AFACI and AFLCl without really increasing the consistency of

commonly used features.

In the following sections of the thesis | will explore techniques for improving the commonality
indices. In the next section | employ a questionnaire with medical practitioners to determine their
preferences for the appearance of label information. The questionnaire will be developed using a
technique called Conjoint Analysis which presents alternative designs to determine user preference. This
approach will provide information that can improve the indices by adding appropriate weights to the

feature measures.
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IV.  Conjoint Analysis
A. Background

There are several methods to determine aesthetic preferences of consumers. Surveys, focus
groups, and statistics are all ways determining what properties or designs appeal most to a customer.
However, these methods are not granular enough for determining specifications for the design because
they rely on a semantic scale (words rather than numbers). The design of the study is also difficult due to
different semantic scales for individuals. In traditional surveys with numerical ratings, most respondents
failed to utilize the entire range of responses [26]. “Strong” and “big” have varying connotations to
different people and limit the quality of data attainable from studies using them [19].

Conjoint analysis resolves this issue by presenting a questionnaire of sample designs with specific
feature attributes to the consumers or users. Careful design of the questionnaire and sample designs are
necessary for attaining useful data from the analysis. Each sample must have the proper attributes, and
each question must have the right combination of samples. The consumers then select the designs that
appeals to them. Analysis of these results show the influence of each feature on the consumers’ selection
process. In addition, the ideal specification of the feature can be determined by the results of the survey
created for the conjoint analysis [19].

The conjoint analysis is useful for a relatively small number of varying attributes. The number of
guestions and sample designs required in the analysis increases exponentially with the number of
attributes in a design. There is a limit of approximately 30 attributes before the technique becomes too
numerically complex [27] and fatigues the interviewees. There are 30 features on a heparin label, and
multiple attributes for each label. Therefore, a method for reducing the number of attributes was
employed to simplify the analysis.

Statistical Analysis system (SAS) is commonly used in statistical analyses, offering built-in macros

for most functions used in statistics. Many of the specialized macros are based on work done at North
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Carolina State University in the 1970s, with project leaders Jim Goodnight and Jim Barr. Since then, it has
been commonly used by pharmaceutical and insurance companies [28]. The software was also
recommended by Professor S. Orsborn, a professor in the School of Management at Bucknell University,
for use with conjoint analysis.

Both surveys used in the conjoint analysis were approved by the Institutional Review Board (IRB).
The surveys were administered voluntarily, and posed no danger to the well-being of the participants.
Only medical professionals employed at Geisinger were asked to complete the survey, and only the
profession from each respondent is recorded. No other identifying information is kept. The responses

were stored electronically in a password-protected account.

B. Preliminary Survey

The 11 most important features for selecting a drug were determined after consultation with Dr.
Dean Parry, RPh. In an attempt to further reduce the number of features, a preliminary survey was
administered to medical professionals at Geisinger (Appendix D). A traditional 1-10 scale was used in an
attempt to measure the importance of each feature, with 1 being unimportant, and 10 being very
important.

Twenty responses were received, with 6 responses from nurses, 4 from pharmacy technicians,
and 10 from pharmacists. The features and the rating of importance can be found in Table 12. The National
Drug Code (NDC) and source of the active ingredient were eliminated based on the overall ratings. The
barcode was an absolute necessity in the process of preparing the drug at Geisinger, so any rating greater

than 7 was kept.
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Table 12: List of features and ratings of importance. 10 indicating most important, 1 indicating least important

Average
Ratings
Brand Name 8

Active Ingredient

Concentration

Volume

Delivery Method
Storage Method
Barcode

Lot / Expiration
NDC

Warning Label

U100 |0 | OO0 |0(LO|0 |O O

Source

To further decrease the number of features that will be varied in the conjoint analysis, several
similar features were paired together. Active ingredient and brand name were paired together because
they both describe what the vial contains, and sometimes refer to the same feature. Concentration and
volume were paired because both are related to the amount that was in the container. In addition, each
pair of features were always displayed next to each other with very little variation across the labels
examined. Finally, no variation in the barcode was possible, as size and style are fixed. The barcode was
kept in the sample designs, but it was not part of the conjoint analysis. Eleven independent features were
reduced to two pairs and four independent features:

e Brand Name + Active Ingredient
e Concentration + Volume

e Delivery Method

e Storage Method

e Lot/Expiration
e  Warning Label

1. Survey Improvements
The traditional 1-10 scale should not have been used, as respondents rarely use the entire scale

[26]. A fixed sum rating or ranking the features would be more appropriate if a similar survey is to be



