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• Need for qualitative assessment 

− Problems with interpretation, accuracy, precision, and errors from 

aggregation arise with analyzing rank and categorical data. 

− The constraint in analysis methodologies affects implementation of 

assessment tools 

 

• Finding best practice for incorporating a pooled assessment measure 

containing both qualitative and quantitative metrics into Human 

Systems Integration evaluations 

 

• Performance systems lack of clearly defined references intensify the 

problem. 

 

Problem 
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Typical Approaches/Limitations 

• Research shows combining qualitative and quantitative measures can 

lead to improved performance management outcomes however, 

challenges remain. 

 

• In previous approaches, researchers treat all data as continuous and 

use parametric techniques or focus on ordinal nature of data versus 

value and apply non-parametric statistical procedures. 

 

• Because performance analysis requires assessment of the distribution 

and sample value of the data, this reduces the effectiveness of these 

techniques for performance management applications. 

 

• Alternative frameworks such as balanced scorecard, the performance 

measurement matrix, and the SMART pyramid technique among 

others have been emphasized but are nonetheless limited or 

constrained. 
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Overview – Our Approach 

• We propose a method that effectively integrates qualitative with 

quantitative measures, allows natural measurement of the appropriate 

performance indicators, and is transparent to practitioners. 

 

•  The performance-consensus vector, combined with referential 

recommender algorithms and machine learning approaches meets 

appropriate requirements to address limitations in existing 

methodologies. 

 

• The submitted approach can deliver a completed HSI analytical 

solution as a PCV Corporate Performance Management/Decision 

Support System(CPM/DSS) Framework. 
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PCV CPM/DSS FRAMEWORK 

• The layered PCV CPM/DSS framework consists of: (1) Measurement 

analysis, (2) Referential Models, and (3) Decision Support-Oriented 

recommendations. 

 

• Benefits:  

− flexibility in identifying, selecting, utilizing key performance 

indicators (KPI) and key performance areas (KPA) 

− increased precision by diametrically altering the measurement, 

appraisal and adjustment phases 

− effective appraisal that identifies best and worst performance as 

well as, exact identification of mid range performance 

− systemic feedback to performance activities of the entity of interest 

can be standardized or potentially automate. 
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PCV CPM/DSS FRAMEWORK 

General PCV CPM/DSS FRAMEWORK 

PCV METHODOLOGY STEPS: 

1. Transform qualitative data into consensus based interval values 

2. Produce performance vector by combining interval values and quantitative interval 

data 

3. Apply decision and judgment models or weighting 

4. Compare performance vector to reference vector 

5. Provide recommendations or classification supporting decision making  
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Consensus Measure 

• The PCV utilizes a consensus measure adapted from Shannon’s 

entropy and originally proposed by Weirman and Tastle to incorporate 

two mathematical measures : consensus and its inverse (dissension). 

• Consensus is a single value between 0 and 1 that follows a subjective 

interpretation of agreement within the data 

• Given a set of Likert scale ranks, this measure uses the sample 

probability distribution to determine amount of agreement about a point 

on the scalar interval 

 

 

 

 

 

𝑪𝒏𝒔 𝑿 = 𝟏 + 𝒑𝒊 𝐥𝐨𝐠𝟐 𝟏 − 
𝑿𝒊 − 𝝁𝒙
𝒅𝒙

𝒏

𝒊=𝟏

 
 

Where 

 𝑋 is a Likert scale data value 

 𝑖 is the numerical value associated with the individual Likert attribute 

 𝑝𝑖 is the probability of each 𝑋𝑖 
 𝑋𝑖 is the individual Likert attribute 

 𝜇𝑥 is the mean of 𝑋 
 𝑑𝑥 is the width of 𝑋 
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Strength of Consensus Measure 

• Alone, the consensus measure can be utilized as a confidence 

indicator of a samples calculated mean 

• The strength of consensus measure by Tastle and Tastle expands 

this concept by adopting a rank reference that is not the mean 

 

 

 

 

 
 

Where 

 𝑋 is a Likert scale data value 

 𝑖 is the numerical value associated with the individual Likert attribute 

 𝑝𝑖 is the probability of each 𝑋𝑖 
 𝑋𝑖 is the individual Likert attribute 

 𝜇𝑥 is the mean of 𝑋 is replaced by 𝑟𝑥  
 𝑑𝑥 is the width of 𝑋 is replaced by 2𝑑𝑥 

𝒔𝑪𝒏𝒔 𝑿 = 𝟏 + 𝒑𝒊 𝐥𝐨𝐠𝟐 𝟏 − 
𝑿𝒊 − 𝒓𝒙
𝟐𝒅𝒙

𝒏

𝒊=𝟏
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PERFORMANCE CONSENSUS VECTOR 

• The first step of the PCV CPM/DSS Framework uses the strength of 

consensus measure as a vector by applying a model-based weighting 

technique.  

• The PCV can be modified by using the weights for the ranks and 

assessed entities  to adjust for factors (such as quantity, confidence, 

age,…) 

• After this transformation, the resulting vector for multiple qualitative 

measures can be used with other quantitative measures (cost, 

counts..) to obtain an n-dimensional performance vector 

 

 

Example of 10-dimenstional Performance-consensus vector 
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PERFORMANCE CONSENSUS VECTOR 

• Beyond the vector, the PCV CPM/DSS Framework incorporates a 

reference PCV is created to compare the assessed entities’ PCVs 

which is considered the baseline for adequate performance 

 

• The reference PCV takes the KPAs and KPIs defined by the 

assessment instrument (survey) and the scores undergo a consensus 

transformation and performance consensus vector composition 

 

• The similarity between the reference PCV and the assessed entity 

PCV provides the measureable assessment of performance 

 

 



UNCLASSIFIED 

UNCLASSIFIED The Nation’s Premier Laboratory for Land Forces 

Contributions Summary 

• Despite consensus measures’ demonstrated utility, little or no research 

has been conducted using them with machine learning techniques, 

recommender algorithms, or in performance management systems 

 

• Advantages of using consensus for performance management and 

systems algorithms 

1. Transformation of ordinal data to continuous interval values 

2. Having a continuous and interval measure 

3. Assessment distribution is accounted for and sample values are 

captured 

 

• Framework overall allows for analysis that supports decision making 

with the ability to store the transformed and processed values 
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Uses and Future Work 

 

 

• Potential applications: 

• Candidate-Task Fit: Given a defined set of expectations, which 

may even encompass personality and behavioral characteristics, 

the PCV CPM/DSS Framework can be applied to evaluate and 

predict personnel-activity appropriateness and adequacy. 

• Quality and Vendor Management: Given customer-supplier 

relationships the PCV CPM/DSS Framework can be applied to 

quantify not only quality and performance assessment but also 

vendor similarities, dependencies, and workflow relationships.  

These factors may be of critical concern for cloud computing 

environments. 

• Intelligence and Knowledge Evaluation: Classifying the value 

and quality of intelligence sources and information, as well as the 

efficacy of knowledge, are classic qualitative assessments.  Beyond 

quantifying the qualitative characteristics, The PCV CPM/DSS 

Framework may have applications for knowledge discovery in the 

relationships between information/knowledge, their sources, and 

their value.  
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Future Work 

 

 

• Apply technique to assessment and evaluation data of individual 

performance 

 

• Address the challenge of defining a reference that can be applied to a 

group where individuals perform very different tasks that support the 

goals of the work for the group 

 

• Generate meaningful recommendations to improve the performance for 

the individuals and the group 

 

 


