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Work-in-Progress: Competency Mapping for Training Assessment  

  

Abstract  

In 2017, US companies spent over 90 Billion dollars on employee training.  Despite the intense 

effort, training generally is not deemed satisfactory as many studies show that trainees fail to 

demonstrate the ability to transfer the desired knowledge and skills to their jobs. As a result, 

many organizations are still looking for reliable and effective training mechanisms to ensure an 

adequate return on their training investment.  Competency training has presented itself as an 

alternative to traditional training methods as it pinpoints the skills for certain tasks and assesses 

the workforce’s readiness in accordance with the desired levels of competence.  

While the competency based method is a more linear form of training, the evaluation of trainees’ 
level of competence is still a lengthy process.  In this paper, we propose a concept map based 

framework for competency training assessment. In particular, we demonstrate the use of 

similarity flooding algorithm in quickly determining the differences between desired 

competencies in the expert’s map and those shown in the trainee’s map.   

The framework is used to develop a change management process strategy at the organizational 

level in accordance to the Australian Technical and Further Education (TAFE) guidelines. In this 

vein, the competencies identified for the change management process at the organizational are 

introducing, managing and assessment of the change management process. To assess the 

suitability of competency-based mapping, a trainee participated in a three-week course that 

included lectures and effective learning elements such as case study and small-scale projects. 

Concept maps were created by the trainee to represent the desired competencies. In this study, 

we present the analysis that shows the effective assessment of concept map based competency 

training that can help organizations achieve their training goals  

.  

Introduction  

Modern organizations grapple with increased complexity and rapid changes that arise as a result 

of hyper completion, technological advances, and demographic changes on a continuous basis 

(Potnuru & Sahoo, 2016).  As a result, to stay competitive, organizations need to find innovative 

ways to adequately address the above changes and ensure their workforce has the needed 

competencies to help retain competitive advantage (Whitfield & Landeros, 2006). Diaz-

Fernandez et al. (2014) posited that the analyses of factors leading to a competitive advantage in 

organizations reveal that individual competencies are the core resource that enables organizations 

to generate profits and retain competitive advantage. In this vein, such dynamic business 

environment compels organizations to foster and equip a competent workforce with enhanced 

levels of skill and quality needed for sustainable advantage.  (Markovic, 2008).  To achieve this, 

organizations have adopted various human resource development (HRD) interventions such as 

training to ensure their workforce has the necessary competencies to stay abreast of changes in 

the market (Potnuru & Sahoo, 2016).   Hellriegel and Slocum (2011, pg. 8) have described seven 
key competencies that affect individual behaviors, teams and subsequently the organization:  
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1. employee’s ethical competency;  
2. self-competency;  

3. diversity competencies;  

4. across cultures competency;  

5. communication competency; 6.     team competency; and 7.     change competency.  

To this end, organizations rely on training, defined in this context as an “extensiveness of 
formalized programs to develop knowledge, skills and abilities” (Evans and Davis, 2005, p. 760) 
to ensure the above-mentioned competencies are up-to-date and in line with the needs of the 

market. Organizations, therefore, rely on training with the aim of enabling their workforce to 

apply their newly gained knowledge and skills on the job (Zumrah et al., 2013).  

Such endeavors, however, would not be successful if organizations fail to measure training 

success, which is to ensure employees have acquired all the desired skills and knowledge as a 

result of the training (Kirkpatrick, 2004; Gomez-Mejia et al., 2001).  

Training Evaluation  

Organizational evidence suggests that a substantial amount of organizational investment in 

training efforts does not yield in the transfer of training on the job, forcing managers to make the 

difficult decision whether to offer the training or not (Scaduto, Lindsay & Chiaburu, 2008; 

Panturo & Sahoo, 2016).  Therefore, if the decision to provide training is taken, the training 

managers must ensure to thoroughly monitor the three-step training process of needs assessment, 

conducting of training and evaluation to assess the effectiveness of the training programs 

(Gomez-Mejia et al., 2001). Also, since the training is expected to result in training transfer, the 

managers must assess the degree in which the trainees have gained the competencies to apply 

their newly acquired skills and knowledge to the job (Baldwin & Ford, 1988).  Moreover, since 

the transfer of training is to-date an integral issue in training effectiveness, Holton and Baldwin 

(2003) recommend different testing models in predicting training transfer.  Also, as posited by 

Rothwell (2007) that since traditional training evaluations consume a considerable amount of 

time, organizations must consider systems that identify effectiveness and pinpoint problem areas 

in an effective and measurable format, particularly since the market dynamics do not stand still 

as the training is being evaluated.  

Competency Mapping  

In 2012, researchers from Indiana State University received a National Science Foundation 

TUES grant to help develop software to advance diagnostic skills training for the undergraduate 

technology and engineering students. They developed the training modules using concept maps 

that required students to draw visual maps of a troubleshooting strategy. The student maps would 

be compared with maps created by subject experts on the same task to gauge students’ mastery 
of the desired diagnostic skills and areas of improvement.  

The potential of the software, particularly concept map based evaluation mechanism, was 

furthered examined when the method was applied in competency mapping based workplace 

training. Competency mapping is about recognizing the necessary skills and processes with 

which the trainees must be equipped as a result of undergoing the training process (Lin, 

Shahhosseini, & Janke, 2018).  This system helps the trainees to individually under a SWOT 



(Strengths, Weaknesses, Opportunities & Threats) analysis compare their skill/knowledge level 

of content and processes with the success criteria. On the corporate level the method reinforces 

strategy, and vision for the training by providing a common framework for improving training 

program effectiveness (Lin, Shahhosseini, & Janke, 2018).    

One of the biggest challenges for concept maps based methods is how to evaluate and compare 

maps. Not only we need to assure that the mechanism recognizes both structural and semantic 

differences in the maps, we also hope to ditch the labor intensive and time consuming manual 

comparison and let computers dissect the results without human involvement. There are several 

noteworthy studies on this subject. Limongelli et al. (2016) proposed seven measures of 

similarity among concept maps dealing with both structural and didactic aspects of the maps. A 

weighted concept was proposed by Chang et al. (2005) where propositions are given a weight 

value from 0 to 1, based on the closeness index and weighted value of each node, a similarity 

index is calculated for each node. Gao et al. (2015) presented an approach of string comparison 

with the meaning of the words–semantic similarity. Melnik et al. (2012) presented a method 

called Similarity Flooding Algorithm (SFA).   

Our method of comparing concept maps is based on combining the weighting mechanism, SFA, 

and semantic similarity of two strings. The detail introduction of the method is included in the 

paper by Shahhosseini et al. and shown in Figure 2. In Figure 2, we adopt SFA program (Open 

source Java code developed by Melnik et al., 2012) to match the nodes based on their 

relationships. The SFA represents two input maps semantically in code first, then creates an 

initial map for the product of each node in both maps, calculates their similarities based on the 

links, and finally generates a list of best paired nodes according to the similarity of each pair. 

During the comparison, WordNet R is used to measure the content of nodes.  

The first step in comparing process is to generate a reference similarity that is calculated based 

on the result of comparing an expert’s map with the expert’s map itself (saee). The reference 

similarity includes absolute similarity for each paired nodes, according to their links and content.  



  

Figure 1: Similarity Flooding Algorithm (SFA) Process  

The second step is to compare a student’s map with the expert’s map (sase). The comparison 

result includes absolute similarity for each node, which is considered as a matched pair with one 

node in the expert’s map. The third step is to calculate the relative similarity (srse) for each paired 

nodes by the percentage of saee and sase. And, the overall similarity of the map is calculated based 

on the relative similarity of each pair. In this step, weighting (w) of each pair can be considered. 

Important nodes can have more weighting in overall similarity.  

Case Study: Competency mapping based Change Management Strategy Training  

To examine how concept map based module would work for competency training assessment, 

we reference the following Change Management Strategy training.  We select a trainee who 

participated in a three-week course that included lectures and effective learning elements such as 

case study and small-scale projects. We then ask an expert to develop a concept map, shown in 

Figure 1, that details the Change Management Strategy flow. The trainee’s performance after the 
three-week course is assessed in two ways. First, a quiz using a traditional questionnaire on the 

desired Change Management process is administered and the results are used to set the baseline 

for comparison. Second, a concept map is created by the trainee to illustrate his/her 

understanding of the subject. Figure 3 shows the map that the trainee developed.    



  

Figure 2. Expert’s Map for Change Management Strategy  



  

Figure 3: Trainee’s Map for Change Management Strategy  

The summary of comparison between the trainee’s map and the expert’s map is presented in  
Figure 4. As we can see, the trainee’s map has about 28% overall similarity and about 36%  
“considerable” node similarities to the expert’s map (range from 51% to 96%). A more detail 
illustration of the closeness of the two maps is shown in Figure 5, where shade of the nodes in 

the trainee’s map indicates nodes’ semantic resemblance to their counterparts in the expert’s 
map. There are eight nodes with green colors. Four are darker and the other four are lighter. The 

darker the color of the node is; the more similarity the node has.   

  

Figure 4: Trainee’s Map for Change Management Strategy Comparison - Summary: First 

Attempt  



  

Figure 5: Trainee’s Map for Change Management Strategy Comparison: First Attempt  

The 27% match to the expert’s map is an indication of the trainee having a poor understanding of 
the Change Management process.  This finding is consistent with the instructor’s observation of 
the trainee’s level of competency and the returns from the questionnaire.  Although the test is 

only done on a very small sample size of trainees, this consistency shows the promise of the 

concept map based assessment: it is able to pinpoint the areas where the trainee lacks 

competency in a fraction of the time of what current assessment methods would need on similar 

tasks.  The comparison map highlighted that the trainee had the necessary competency in regards 

to the actions needed for a successful change plan.  However, lacked the knowledge of the 

process flow to implement the strategy.  This helped the trainer identify where they would need 

to focus in order to follow up with the trainee and bring up their competency to the desired level.  

Conclusions  

Assessing training effectiveness and transfer is crucial for organizations (Zumrah et al. 2013; 

Kirkpatrick, 2004; Gomez-Mejia et al., 2001). However, since current methods of training 

assessment are time-consuming (Rothwell, 2007), new mechanisms are needed for more accurate 

and speedy assessment.  In this work-in-progress, we present a new automated tool to assess 

training participants’ grasp of the desired processes in managing organizational changes.  The 
assessment tool uses conceptual map for twofold purposes.  First, it allows the trainees to 

graphically demonstrate their conceptual understanding of the process.  Second, it provides a 

visual guidance to the training providers of the level of congruency between trainee produced 

map and the expert’s map in a matter of seconds, and subsequently helps trainers determine 

whether any changes to the program or a follow up training is needed. Moreover, the new 

competency mapping yields similar assessment as the traditional methods on the trainee’s 
understanding of the material and competency level, signifying the suitability of the 

methodology for usage in organizational training.   
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