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ABSTRACT

Key Performance Indicators (KPI) are becoming an essential part of a manufacturing organization’s ability to
monitor and ensure its strategic health. Furthermore, selecting the right mix of KPIs, in line with an organization’s
strategic goals, is also essential. This paper outlines the development of a web-enabled database tool to support a
selection method for KPIs for manufacturing which was developed by National Institute of Standards and
Technology (NIST). In the method, KPIs are selected to effectively achieve certain criteria for a target
manufacturing process. Subject matters experts use the tool to perform scoring of criteria weights and KPI/criteria
pairs. These scores are analyzed and iterated in order to determine balanced KPI sets, which best satisfy the chosen
criteria and the stated critical objectives. A prototype tool, a web-enabled database, was developed for the purpose
of facilitating the pilot implementation of the NIST methodology at select manufacturing plants. This paper provides
a description of the NIST methodology and the tool development.
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INTRODUCTION

This paper describes the development of a web-based tool to implement the Key Performance Indicators (KPI)
selection methodology developed by Horst and Weiss (2015) for any manufacturing process. This methodology
involves a facilitated meeting of key stakeholders for selection of KPI sets. Quantitative scores for both the KPI and
the metrics are used to score those KPIs in the manufacturing process. The web-based tool was developed to provide
an easily accessible input mechanism for the meeting participants as well as the automation of the different
calculations need for this methodology.

The next section discusses KPIs and the need for the new selection methodology for manufacturing processes. This
is followed by a brief overview of the method and a discussion on the tool development. The paper wraps up with
conclusions on the approach.

BACKGROUND

Performance measurements, and particularly KPIs, provide managers and decision-makers with a snapshot of their
business operations, specifically how well the business is achieving its goals. Quantitative measures to aid in
decision making have been used since the inception of decision analysis (Keeney, 1982; von Neumann &
Morgenstern, 1944). KPlIs are used to reflect both the overall performance of a business and the performance of just
one part of it. The method of selection described in this paper focuses on manufacturing systems.

Deriving KPIs is not a simple accounting task, as it must include a deep understanding of the business or operation
to be successful (Meyers & Hester, 2011), such as, an understanding of the organizational mission and system
context. As such, different Performance Measurement Systems (PMS) have been proposed to determine and monitor
KPIs. Probably the most well-known approach is the Balanced Scorecard (Kaplan, 2008; Kaplan & Norton, 1996).
This approach stresses causal linkages between four perspectives—financial, internal, customer, and learning that
are built to support an organization’s vision and strategy (Baggett & Hester, 2013). Other PMS include the
Performance Prism (Neely, Adams, & Kennerley, 2002) and the Performance Measurement Matrix (Keegan, Eiler,
& Jones, 1989).

Though there are different PMS available, it is estimated that 70% of such systems fail after they are implemented
(Baggett & Hester, 2013; Neely & Bourne, 2000). One reason for this is that organizations often blindly follow PMS
design perspectives and allow the PMS framework to constrain the implementation, leading to “excessive, redundant
or flawed measures that drive inappropriate behaviors” (Paranjape, Rossiter, & Pantano, 2006). It has also been
suggested that PMS implementations often fail as a result of unbalanced and irrelevant metrics, resulting in
significant organizational cost and wasted opportunities (Baggett & Hester, 2013). Complexity and the cognitive
load required for the above mentioned approaches might also be a reason for their failure. George Miller famously
pointed out that human can only process five to nine pieces of information at one time (Miller, 1956), and
techniques like the Balanced Scorecard and Performance Measurement Matrix require the user to consider
potentially dozens of relationships at one time. Thus there is a demand for simple KPI selection processes. One such
process has been suggested by Horst and Weiss (2015), which focuses on manufacturing processes and excludes
much of the complexity found in other PMS.
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METHOD

The method of KPI selection derived by Horst and Weiss (2015) involves a series of sequential stages for the
stakeholders to be guided through. These steps are: (1) selection of effectiveness criteria and feasible KPls, (2)
scoring of the importance to the target manufacturing process of each of the effectiveness criteria, (3) scoring each
KPI for how well it satisfies each effectiveness criteria, (4) determination of overall KPI scores, (5) discussion and
selection of KPI sets (including scoring how balanced the KPIs are), (6) comparing normalized scores from each set,
and (7) selecting and implementing the set with the highest score.

The first stage of the process is for the stakeholder to decide what KPIs will be considered and what effectiveness
criteria will be used. Suggested criteria are: aligned, quantifiable, relevant, predictive, standardized, verified,
accurate, timely, traceable, independent, actionable, buy-in, understandable, documented, and inexpensive (1SO,
2014). For the definitions of the effectiveness criteria, see (1SO, 2014). The selection of KPIs will depend on the
industry and current stakeholder preference. There are many KPIs to choose from and Marr (2012) identifies 75,
including; Six Sigma level, Project Schedule Variance (PSV), First Past Yield, and Machine downtime.

The second stage of the process involves scoring of the importance of each of the effective criterion. It is suggested
that a scale from 1 to 10 be used, although a Likert scale would work just as effectively. This scoring is done by
each attendee, who then scores each KPI against each criterion, using the same scale.. The selection of scores for
each KPI with respect to each criterion can be a time consuming activity and may result in decision fatigue
(Baumeister & Tierney, 2011). Thus, is it imperative that a limited number of KPIs are selected in any initial
implementation of this process.

Once all the attendees have scored all the criteria and the KPIs for each criterion, each KPI is given a score, by each
participant. The score is determined by equation (1):
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Where M is the number of criteria, E; is the i KPI score from the kth stakeholder. Eij is the i"" KPI score, from the
k™ stakeholder, for the j™ effectiveness criterion. The weight of the j™ criterion, from the k™ stakeholder, is given by
wj. Scores are given by each participant and are based on their own weighting of the effectiveness criteria. To try
and avoid any bias for certain criterion, another possible approach is to use stakeholder average weightings for the
effectiveness criteria, which is shown in equation (2):
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The equations can also be used to score a subset of KPIs as well, for example, those that have the immutable criteria.
Immutable criteria are those KPIs with values that cannot be changed or influenced by stakeholders. For example,
the quantifiable criterion is immutable because quantifiable KPI cannot be influenced by stakeholders. Alternatively,
the timely criterion can be influenced by the way the internal stakeholders process the KPI. These scores are
discussed among the stakeholders and changes are made as appropriate. For instance, a participant might have
scored a KPI incorrectly due to a misunderstanding of the definitions. Based on this discussion, KPI sets are selected
and scored (then normalized because each set might have a different number of KPIs in it). Based on this scoring the
set with highest score is selected and implemented.
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TOOL DEVELOPMENT

A web-enabled database (Figure 1) was developed, using FileMaker Pro®", to facilitate data entry and analysis of
stakeholder decisions for the methodology described above. This platform enabled the creation of multiple user
layouts and views of the database, providing security and an easily accessible interface for the overall KPI selection
method. The database facilitates both administrative (Figure 2) and stakeholder (Figure 3) tasks. Administrative
tasks include identifying a target manufacturing process, process critical objectives, relevant KPIs, and scoring

criteria.
/ Notes / \
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Database j Stakeholder Scores

Info
Company/ / KPI Sets

Info
Group

Scores /

[ criteria |
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. Web
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National Institute of
Standards and Technology
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Welcome to the NIST
Browser

Key Performance Indicator (KPI)
Selection Method for Manufacturing

Figure 1. System Architecture

Enter Company Information

Create Master KPI List

Create Master Criteria List

Identify a Target Manufacturing Process

Identify Critical Select KPIs from Master Select Criteria from
Objectives List Master List

Figure 2. Administrative Workflow

! Certain commercial companies and their equipment, instruments, or materials are identified in this paper in order to adequately specify certain
concepts. Such identification does not imply any judgment of the companies or their products, whether favorable or unfavorable, nor is it
intended to imply that the materials or equipment identified are necessarily the best available for their intended function.
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Enter Stakeholder Information

Score Criteria by Relative Importance to et Process

Asses Criteria Scores Score Criteria as a Group

 Assess KPI Effectiveness Score, Mean,
Standard Deviation, Immutable Criteria

Select KPI sets by Critical Objective

Assess Normalized KPI Set Scores Select Optimal KPI set for Implementation

Figure 3. Stakeholder Workflow

Score KPI Criteria Pairs as a Group

After an initial setup, stakeholders are able to access the database and see any auto-populated information provided
by the administrator. Stakeholders then can, as individuals or as a group, provide criteria assessments of relative
importance of criteria to a target process. This is achieved using a human measurement scale from “not important at
all” to “absolutely important.” First, stakeholders assessed the criteria as individuals. These scores are averaged and
are used to stimulate a group discussion on criteria. This discussion might result in a reassessment of the criteria by
stakeholders. Ultimately, the group will need to decide on how each criterion should be scored for use in the
assessment of the KPls.

KPIs will then be evaluated based on how well they satisfied each criterion on a scale from “not satisfying at all” to
“totally satisfying.” Individual stakeholders conduct an initial assessment (Figure 4), then again as a group. Based on
both individual and group inputs, an effectiveness score for each KPI is generated for both mutable and immutable
criteria, as well as the mean and standard deviation for each KPI criteria pair score. Based on group discussion of
results and iterative scoring a prioritized list of KPIs is generated.

National Institute of NIST

National Institute of
Standards and Technology

Standards and Technology e Rren o Commery

Stakeholder KPI, Criteria Assessment Scoring Summary Company Name = Company A

Company TMP | Process A

KPIName Capacity Utilization Rate Effectiveness Score Criteria Avg 376 Effectiveness Score Mean 3 g9 Effectiveness Score SD (25

sH-02 KCO1 KC02 KC03 KC04 KC05 KC06 KC07 KC08 KC09 KC010KC011KC012KC013KC014KC015KC016 Effectiveness Score Immutable Score
1 3 5 2 5 6 5 4 5 3 2 1 3 4 3 4 376 375

sH-03 KC01 KC02 KCO03 KC04 KCO05 KCO06 KC07 KC08 KC09 KC010KC011KC012KC013KC014KC015KC016 Effectiveness Score Immutable Score
2 3 1 3 2 4 3 5 4 3 5 4 5 4 5 4 325 3.08

sH-04 KCO1 KC02 KC03 KC04 KC05 KC06 KCO07 KC08 KC09 KCO010KC011KC012KC013KC014KC015KC016 Effectiveness Score Immutable Score
2 3 4 6 2 3 2 1 4 3 4 5; 6 5 4 4 3.81 4.19

sH-01 KCO1 KC02 KCO03 KC04 KCO05 KCO06 KC07 KC08 KC09 KC010KC011KC012KC013KC014KC015KC016 Effectiveness Score Immutable Score
4 2 1 5 4 6 5 4 3 2 3 4 5 4 3 4 3.80 282

sH-22 KCO1 KC02 KCO03 KC04 KCO05 KC06 KC07 KC08 KC09 KC010KC011KC012KC013KC014KC015KC016 Effectiveness Score Immutable Score
3 4 3 4 2 1 5 ) 4 3 4 5 4 5 4 5 3.81 3.60

KPIName Delivery In-Full On-Time Rate  Effectiveness Score Criteria Avg 437 Effectiveness Score Mean 401 Effectiveness Score SD ¢ 51

sH-01 KC01 KC02 KCO03 KC04 KCO05 KCO06 KC07 KCO08 KC09 KC010KC011KC012KC013KC014KC015KC016 Effectiveness Score Immutable Score
1 2 4 6 5 4 6 6 5 4 6 4 5 3 2 4 4.37 5.00

sH-02 KCO1 KC02 KC03 KC04 KCO05 KCO06 KC07 KC08 KC09 KC010KC011KC012KC013KC014KC015KC016 Effectiveness Score Immutable Score
2 3 5 1 5 4 6 4 5 6 5 5 2 3 1 2 3.64 4.06

Figure 4. KPI Criteria Pair Scoring Example

The final step in the process is for the stakeholders to select KPI sets, based on their relevance, to the identified
critical objectives. Using KPI sets of five to nine KPIs for each critical objective, an additive KPI set score is
generated based on final group decisions (Figure 5). Manufacturers can then choose a KPI set for implementation
and validation through actual trial runs.
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National Institute of N%‘:
Standards and Technology Ty
Click th e"Add KPI Set" button below. Enter a set number for the first KPI set. Select a critical objective
from the drop-down list. Select a KP! from the drop-down list. Add a KPI to the objective by clicking the
"Add Objective KPi" button. Add a new objective by clicking on the "Add Objective"” button.
Company Name = Company A Company TMP | Process A
SetNumber 1 KPI Set Average  3.38
Critical Objective Name KPI Name
Performance on "first parts”™ v Cost v
Set Number Critical Objective Name KPI Name Group Score
1 New measurement Efficiency 27 W 4
1 Performance on “first Quality 345 (0]
1 Performance on “first Efficiency 27 I}
1 Performance on first Cost 3.98 (]
1 New measurement Quality 345 Tﬁ
v
Created | 1/5/2015 1:59:44 PM
Add Add Objective Modified = 1/5/2015 1:59:55 PM
AddKPISet  gpiective KPI

Database Enhancements and Limitation

Figure 5. KPI Set Example

The database tool allows companies to create master KPI and criteria lists from which to choose relevant scoring
pairs based on different targeted processes. This allows companies to have multiple working groups focusing on
different aspects of the manufacturing process, providing enough flexibility to be able to assess other areas of

interest, such as safety and costumer focus.

The database administrator is able to add or delete critical objectives, criteria, or KPIs which automatic updates to
all users thus allow real-time updating of the databased based on group discussions and decisions. These updates are
reflected in automatically generated tables within the interface. These tables, while scrollable, were truncated to the
limited size of the on screen layout making readability difficult. Therefore, users have been given the option of
opening a stacked window allowing access to the master criteria (Figure 6) and KPI lists. These lists provide
additional information and selection options for stakeholders within the confines of a limited screen real estate

environment to access the database.
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National Institute of

Standards and Technology
Criteria Information

Nononal Inwruss of

Srandards and Technokegy
LS. Deprarment of Commence

|Provide criteria description information by filling out the following form. In order to add a new criteria
click on the "Add Criteria” button below. This information will be used by stakeholders to make KP!
|criteria scoring decisions. Leave the Criteria UID blank. This field will be filled out by the system
administrator.

Criteria Name  Accurate : Mutability  putable v

CriteriaUID  CO1

Criteria Description | The KPlis accurate to the degree thatthe measured value ofthe KP| is A
close to the true value.

Criteria Notes ~ Poor accessibility to the measurement location, or the presence of A
substandard measurement devices and methods are examples that will
negatively affect a KPIs score with respect to this criterion.

Departure from the true value due to poor information quality should NOT be

Criteria Question  Ask: How much is the measured value of the KPI close to the true value? A

Figure 6. Criteria Master List Example

As this methodology is iterative in nature, the database does not capture all the changes made throughout the
process. Only the final assessment and scoring decisions are captured in the current tool. Further phases of tool
development will capture each of the individual and group decision points. Furthermore, capturing individual and
group notes or action items is a priority, especially given this limitation. A “Notes” or “To Do” action item table has
been enabled through a floating stacked pop-up window.

Further development is also required to improve printing and reporting capabilities. FileMaker Pro®, while a
powerful database management tool, has limited web publishing capabilities. The WebDirect feature, used to access
the database online, does not accommaodate printing by any means other than directly from the web browser. The
raw data may be exported, but refined output products must be developed and accessed within the desktop
application.

On 16 December 2014, a pilot application of the tool for a large chemical company was used to support the KPI
methodology. One manufacturing process was targeted to evaluate for environment, health and safety (EH&S). We
identified many interface uses and limitations that will be useful in the development of the system. This pilot
application provided a lot for insightful feedback for the project team which will be incorporated in future versions
of the model.

CONCLUSION

The paper provides an overview for a NIST approach to the selection of Key Performance Indicators (KPI), and
discusses why there was a demand for such an approach. To ensure the practical implementation of the approach, a
web-based tool was developed using File Maker Pro. The combined methodology and tool provide an overall toolset
for KPI selection for manufacturing processes.
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