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Abstract. Extensive research has been carried out in using computer-based
techniques to train and prepare workers for various industry positions. Most of
this research focuses on how to best enable the workers to perform a type of task
safely and efficiently. In fact, many of the accidents in manufacturing and
construction environments are due to the lack of proper training needed for
employees. In this study, we compare the impact of three types of training
approaches on the planning and problem-solving abilities of a trainee while
he/she performs the Towers of Hanoi (TOH) task. The three approaches are (a)
traditional (with a human trainer), (b) gamification (game-based training simu‐
lation), and (c) computer-aided training. The aim of this study is to evaluate a
worker’s level of functioning and problem-solving skills based on a specific
training approach. Exact assessment of functional capacities is an important
prerequisite to ensure effective and personalized training. The study uses work‐
place simulation to collect different types of performance data and assess the
impact of these training approaches.

Keywords: Vocational training · Towers of Hanoi · Gamification · Computer-
aided training · Cognitive issues · Performance

1 Introduction

Safety of employees in industries and organizations has become one of the primary
focuses today. Employers aim at providing a safe work environment to their employees.
To maintain that, employees must attend several orientations and trainings. The
employers are very keen in developing and implementing safe work procedures and
rules. However, safety can be enforced with the right person for the right job. For
example, in a car manufacturing company, there are specific requirements and rules on
how to assemble parts. The right candidate with the functional capacity and stability
will not only perform the task safely, but will increase the efficiency of production. Even
though candidates are put through a lot of interviews and evaluation during the hiring
process to test their capabilities, the assessment of the their functional capacity helps
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the employer recruit the better suited candidates [14]. Our framework addresses how
the functional capacity and performance evaluation can be achieved. The system uses
computer vision techniques and Towers of Hanoi (TOH) for the evaluation purposes.
Towers of Hanoi is a well-known executive function task that it is used to assess cogni‐
tive skills and “measure working memory and inhibition processes” [16].

Most industrial accidents are due to the improper training [12, 15]. A good training
method is one important key to maintain safety. Colligan et al. [3] states that proper
training contributes to the safety of employees. At the same time employers spend on
an average $3,000,000 approximately every year to train workers [8]. It always has to
be a win-win situation where it benefits the employers by investing a low budget for
training and the quality of training maintained. Our framework was used for a compa‐
rative study between three training methods: (a) traditional (with a human trainer), (b)
gamification (game-based training simulation), and (c) computer-aided training. The
comparison was made to find a method that helps train users better. From the developed
framework and analysis, data was collected to identify the advantages and disadvantages
of each training method.

2 Related Work

Functional capacity evaluation of physically challenged individuals and veterans has
existed to assess their stability. This has always been clinic-based and practiced only by
therapists [6]. It is suggested that using functional capacity evaluation in the workplace,
in addition to the traditional interview based evaluation, would provide better evaluation
of the employees. Extensive amount of research explains how workers can be efficiently
trained for an industrial job. Human-based training is popular and widely used today.
This method produces results but at a cost [11]. Researchers stress on the importance
and the usefulness of the Game-Based Training (GBT) and its impacts on employees [7].
GBT offers safe and effective way to improve cognitive skills [2, 4, 5]. However, it is
less effective with jobs where hands-on experience and training is required, e.g.
unpacking items and loading them on the shelves in retail stores. In this case, trainees
would gain less experience in a GBT when compared to hands on experience in the store.
The computer-aided training that we have developed is a combination of human and
game-based training, and have the potential to overcome the aforementioned drawbacks.
The developed system can give personal assistance to the trainee, and at the same time
provide the trainee with hands-on experience.

Assessment of functional capacity is a problem that has gained attraction from many
researchers. Similarly, the advantages and impacts of GBT methods are extensively
evaluated [9]. For example, LEGO assembly task was used to assess employees in an
industrial simulation setup [10]. Retail corporations, such as Walmart, have been seeking
alternative ways to train low-skilled workers [17]. This includes interactive games and
applications that employees use on their commute and at home, offering on-the-job
coaching for employers. In case of NASA, the shortlisted astronaut candidates start their
training process by taking computer-based training on using various vehicle systems
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prior to operating live systems to help the candidates recognize malfunctions and
perform corrective actions [13].

3 Experimental Setup

The study consists of a webcam, a computer, a physical Towers of Hanoi (TOH) as
shown in Fig. 1. A computer-game replicating the physical experimental setup was
developed using Unity game engine. To make sure the task is not too challenging, the
number of disks in TOH is set to 5. The minimum number of steps taken to solve them
is 2n − 1, where ‘n’ represents the number of disks. This would allow the users to solve
the TOH task in 31 steps. The Towers of Hanoi were in a stationary position facing the
webcam. The towers were labeled from left to right as Column 1, Column 2 and Column
3 as shown in Fig. 1. An overview of the experiment setup and design is explained in a
YouTube video1.

Fig. 1. Experimental setup

4 Methodology

In this study, we compare the impact of three types of training methods on the planning
and problem-solving abilities of a trainee while he/she performs the Towers of Hanoi
(TOH) task. For this, the study consisted of two phases, the training phase and the testing
phase. In the training phase, the participants were divided into three groups and were
trained to solve the Towers of Hanoi with one of the three methods, that is, (a) traditional
(with a human trainer), (b) gamification (game-based training simulation) and (c)

1 https://youtu.be/svFjLF5A93E.
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computer-aided training. After training, the participants were given a break and then the
test began. In the training sessions, the participants were guided to solve the task using
the optimal number of steps (which is 31 steps). However, in the testing session, there
were no restrictions on the number of steps. From the results of the training and testing
phases, analysis was made as discussed in Sect. 5. The three factors considered for the
analysis were; total number of moves (steps), total time to solve, and the number of
errors made while completing the task.

4.1 Participants

The participants were undergraduate students in the Department of Computer Science
and Engineering at the University of Texas at Arlington. There were no restrictions based
on their age and gender. A total of 18 participants were divided randomly for each of
the three training methods and another 10 participants were part of the prototyping phase
of our framework. All participants had no-prior knowledge of TOH, and they completed
both training and testing phase.

4.2 Towers of Hanoi Rules

By default, there are some standard rules to solve the Towers of Hanoi. No additional
rules were added to make the game easier for participants. These include:

– Move only one disk at a time.
– A larger disk may not be placed on top of a smaller disk.
– All disks, except the one being moved, must be on a tower.
– User will use only one hand to deal with the disk.

4.3 Training Phase

The first phase was the training phase. The participants were provided with the rules of
the TOH. Each participant was presented with one of the training methods which were
randomly assigned prior to the study. During the prototyping phase, the 10 participants
provided data and feedback which suggested that the participants struggled to under‐
stand and recall the technique to solve TOH. So, the framework was updated such that
each of the remaining 18 participants were trained twice.

4.3.1 Traditional Training Method (Human Trainer)
With this method, the participants were trained with a personal human trainer as shown
in Fig. 2. The trainer went through the steps verbally to solve the TOH with the partic‐
ipants. This training was timed and the number of errors while solving was recorded.
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Fig. 2. Traditional training. Human trainer (left) gives verbal instructions to the participant (right)
to solve the TOH task.

4.3.2 Gamification (Game-Based Training)
This method of training incorporated a computer game. The computer game was a replica
of the physical version of the TOH, as shown in Fig. 3. GBT has become very popular
in the recent decade. Researchers have found that this method is highly effective in
training and has produced great results [7]. The participants solved the TOH by using
the computer mouse to click on the disks that they wanted to move, and click on the
tower where they wanted the disk to be placed. The instructions of the game, e.g. ‘move
the red disk to tower 3,’ were flashed on the screen for the user to follow. The game
restricted the participants to make wrong moves, e.g. moving a disk to tower 2 instead
of tower 3, and false attempts were counted. To notify the participants of wrong moves,
the system displayed error messages on the screen and made sound notifications.

Fig. 3. Game-based training. Participant plays the unity game
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4.3.3 Computer-Aided Training
In this method, the participants were trained with computer-aided instructions. That is,
instead of an individual trainer, participants were asked to solve TOH with instructions
flashing on the screen. Every step performed was captured through a webcam to evaluate
the accuracy of the steps from the instructions that appeared.

The system was implemented using MATLAB. A webcam placed in front of TOH
capturing 10 frames per second recognized the disks and their positions. To identify
individual colors, HSV (Hue, Saturation, and Value) color space was used. The size of
the disks was considered to avoid shadow based errors, noise and other objects that
impeded the frame. Next, to identify the position of each disk, the centroid of each disk
was calculated and the tower to which it belonged was identified. The system considered
the disks for evaluation only when they were in a stationary position. Each step was
considered a separate state. Every time a change is made, the system compared the
current position of the disks with the position of the expected state. If they matched, it
was considered a successful move and the current and the past states were updated. If
they did not match, it meant that the disks were not in the expected position and was
considered an error. In such cases, the system asked the participants to go to the previous
move or to the actual move, as shown in Fig. 4, and then the system proceeded.

Fig. 4. Computer based training. The system asks the participant to go to the previous move or
to the actual move to be made when they fail to follow the instructions.

4.4 Test Phase

Once the training was completed, all participants were asked to complete the task
(without any assistance) using the physical blocks of TOH as shown in Fig. 5. The results
of this phase helped us evaluate the functional capacity of the participants and the
effectiveness of the training.

The detection of colors and the disks was implemented using the same algorithm as
used in the computer-aided training. Here, the system kept track of the past and current
state. Initially when the test began, there was no past state and the starting position was
updated as the current state. For every move the system checked the position of the disks
and compared it with the rules. If the position of the rings satisfies the rules, the system
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updates the current position as the new present state and updates the past state. With this
feature, the system recognized the previous moves and in case of an error, the system
prompted an error message to the participant with a sound notification as shown in Fig. 6.

Fig. 6. Test phase. The system warns the participant of illegal moves.

5 Data Collection and Analysis

Data was collected from 18 participants. The data consists of the total number of moves
(steps), total time taken to solve Towers of Hanoi (TOH), the time taken for each step,
and the number of errors made by the participants. As mentioned in Sect. 4.4, all the
participants received the same testing phase. Figure 7 shows the average number of steps
each group of participants needed to complete the TOH. All the participants were trained
to finish the task in 31 moves, and any extra moves were considered as errors. The
average number of moves in the testing phase was nearly the same in all groups, and the
participants performed extra moves in the testing phase compared to the training phase.
Similarly, Fig. 8 shows that the participants took greater time to complete the testing

Fig. 5. Test phase. The system does not provide the participant with instructions.
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phase compared to the training phase. It also shows that the participants took less time
to complete the game-based task in the training phase. The reason may be explained by
the fact that the participants did not interact with the physical TOH in the GBT, which
resulted in less physical effort and time. However, the completion time in the testing
phase was very similar in all the three groups. The results of the number of moves and
completion times might indicate that the different training approaches did not have a
major effect on how the trainees performed. It also indicates that performing the training
twice had very low practice effect, since the participants took longer time and more
moves to complete the testing phase compared to the training phase.

Fig. 7. Average number of moves (steps) each group of participants performed in both the
training and testing phase.

Fig. 8. Average time to finish the TOH task by each group of participants in both the training
and testing phase.

Figure 9 shows the average number of errors performed by each group. In the training
phase, both extra and illegal moves (i.e. large disk placed on smaller disk) are considered
errors, and in the testing phase only illegal moves are considered errors. The participants
in the human training group performed with fewer errors when compared with the other
groups. This may indicate, although the performance is very similar in all the three
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groups, the participants who were given the rules for the task by the human trainer could
follow the rules better. In the GBT group, the game restricted the participants from
making illegal moves. When the participants tried to make illegal moves, the disks stayed
in the original towers/columns and did not move to the wrong columns. The lack of
hands-on experience during GBT may have contributed to the increased number of errors
in the testing phase.

Fig. 9. Average number of wrong/illegal moves (steps) each group of participants performed in
both the training and testing phase.

5.1 Performance of Trainees

The data collected during the testing phase can be used to create a measure of perform‐
ance and functional capacity. This measure can be used to check if the trainee is a fit for
the job. The employer can set specific thresholds for the number of errors allowed,
completion time, and how the trainees perform (e.g. number of moves). In certain jobs,
where high accuracy is required, the employer can have a low threshold for the errors
and high threshold for the completion time. For instance, in an assembly line, the
employer can set thresholds to tolerate 2% of errors and 5% of delay in production
completion due to of human errors. Trainees who surpass these thresholds may require
more training. In our experiment, participants with average performance are considered
to have sufficient problem-solving skills. Table 1 shows the average values from all the
participants, which are used as thresholds. When applying these thresholds, we found
47% of our participants surpassed these thresholds and they need more training before
being able to perform the TOH on their own.

Table 1. Threshold values for the towers of Hanoi task.

Description Moves Errors Completion time
Average values 57 moves 2 errors 248 s
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5.2 User Survey Results

At the end of every experiment, participants were asked to fill out a survey form about
their experience with the system. From the survey, more than 90% of the participants
liked the experiment as they were new to the TOH. They also stated that they required
complete focus and concentration while solving the TOH with minimum steps and
errors. When the participants were asked how they liked their training method,
computer-aided training group had the highest rating, followed by the human trainer
training group, and then the GBT group. Contrary to the above statement, when the
participants were asked to rate how much their training method helped to complete the
task, the highest ratings were received from the GBT group whereas the human trainer
group had the lowest rating as shown in Fig. 10. Specifically, one of the trainees in the
human trainer group commented that ‘listening to a human trainer is helpful, but it does
not help me think on my own.’

Fig. 10. User survey result for the likeability and helpfulness of the training approaches.

6 Discussion and Conclusion

The need to reduce the unemployment rate and accidents due to human factors have encour‐
aged businesses and government agencies to invest in training employees [1, 18]. Recruiting
and training the best employees with the appropriate skills would ensure individuals secure
their jobs and make fewer mistakes. Assessment of employees’ performance may provide
feedback to employees so that they can accomplish their job safely and efficiently. In work‐
places, this may be applied to employee’s requiring increased problem-solving and planning
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skills to accomplish their job (i.e. inspection and maintenance jobs). The Towers of Hanoi
task discussed in this paper may be used to measure general problem-solving skills. Simi‐
larly, having game-based and computer-aided training and testing are not applicable to all
scenarios or too costly. Employers must consider to the skills evaluated and cost-benefit
analysis to the company to determine its implementation.

This study compares the impact of three types of training methods on the planning
and problem-solving abilities of a trainees while they perform the Towers of Hanoi
(TOH) task. The authors observed that participants in the traditional training group
showed higher rating in following the task rules. Additionally, using the computer-aided
and game-based training provided relevant feedback. They provided the same perform‐
ance results as the traditional training and with accurate record of performance. Using
computer-aided and game-based training also provide the participants with ubiquitous
training as well as reduced human supervision. Finally, the use of intelligent training
approaches help support training individuals to make their jobs easier and improve
performance.

Acknowledgments. This work was supported in part by the National Science Foundation under
award numbers 1338118, 1405985, and 1565328.

References

1. Aragón-Sánchez, A., Barba-Aragón, I., Sanz-Valle, R.: Effects of training on business
results1. Int. J. Hum. Resour. Manag. 14, 956–980 (2003)

2. Chebaa, B., Lioulemes, A., Abujelala, M., Ebert, D., Phan, S., Becker, E., Makedon, F.:
Multimodal analysis of serious games for cognitive and physiological assessment. In:
Proceedings of the 9th ACM International Conference on PErvasive Technologies Related to
Assistive Environments, p. 30 (2016)

3. Colligan, M.J., Cohen, A.: The role of training in promoting workplace safety and health. In:
The Psychology of Workplace Safety, pp. 223–248 (2004)

4. Gabbett, T., Jenkins, D., Abernethy, B.: Game-based training for improving skill and physical
fitness in team sport athletes. Int. J. Sports Sci. Coach. 4, 273–283 (2009)

5. Gattupalli, S., Lioulemes, A., Gieser, Shawn N., Sassaman, P., Athitsos, V., Makedon, F.:
MAGNI: a real-time robot-aided game-based tele-rehabilitation system. In: Antona, M.,
Stephanidis, C. (eds.) UAHCI 2016. LNCS, vol. 9739, pp. 344–354. Springer, Cham (2016).
doi:10.1007/978-3-319-40238-3_33

6. Innes, E., Straker, L.: Workplace assessments and functional capacity evaluations: current
practices of therapists in Australia. Work 18, 51–66 (2002)

7. Kapp, K.M.: The Gamification of Learning and Instruction: Game-Based Methods and
Strategies for Training and Education. Wiley, New York (2012)

8. Knoke, D., Kalleberg, A.L.: Job training in US organizations. Am. Sociol. Rev. 537–546
(1994)

9. Korn, O., Funk, M., Schmidt, A.: Towards a gamification of industrial production: a
comparative study in sheltered work environments. In: Proceedings of 7th ACM SIGCHI
Symposium on Engineering Interactive Computing Systems, pp. 84–93 (2015)

VoTrE: A Vocational Training and Evaluation System 213

http://dx.doi.org/10.1007/978-3-319-40238-3_33


10. Korn, O., Tso, L., Papagrigoriou, C., Sowoidnich, Y., Konrad, R., Schmidt, A.: Computerized
assessment of the skills of impaired and elderly workers: a tool survey and comparative study.
In: Proceedings of the 9th ACM International Conference on PErvasive Technologies Related
to Assistive Environments, p. 50 (2016)

11. McClaran, S.R.: The effectiveness of personal training on changing attitudes towards physical
activity. J. Sport Sci. Med. 2, 10–14 (2003)

12. Myers, G.: A study of the causes of industrial accidents. Q. Publ. Am. Stat. Assoc. 14, 672–
694 (1915)

13. National Aeronautics and Space Adminstration Astronaut Selection and Training
14. Soer, R., der Schans, C.P., Groothoff, J.W., Geertzen, J.H.B., Reneman, M.F.: Towards

consensus in operational definitions in functional capacity evaluation: a Delphi Survey. J.
Occup. Rehabil. 18, 389–400 (2008)

15. Tam, C.M., Zeng, S.X., Deng, Z.M.: Identifying elements of poor construction safety
management in China. Saf. Sci. 42, 569–586 (2004)

16. Welsh, M.C., Satterlee-Cartmell, T., Stine, M.: Towers of Hanoi and London: contribution of
working memory and inhibition to performance. Brain Cogn. 41, 231–242 (1999). doi:
10.1006/brcg.1999.1123

17. Walmart reveals first phase of workforce training. http://www.usatoday.com/story/money/
2015/02/26/walmart-workforce-training-donation/24047309/. Accessed 1 Mar 2017

18. FACT SHEET - American Job Training Investments: Skills and Jobs to Build a Stronger Middle
Class|whitehouse.gov. https://obamawhitehouse.archives.gov/the-press-office/2014/04/16/fact-
sheet-american-job-training-investments-skills-and-jobs-build-stron. Accessed 1 Mar 2017

214 A.R. Babu et al.

http://dx.doi.org/10.1006/brcg.1999.1123
http://www.usatoday.com/story/money/2015/02/26/walmart-workforce-training-donation/24047309/
http://www.usatoday.com/story/money/2015/02/26/walmart-workforce-training-donation/24047309/
https://obamawhitehouse.archives.gov/the-press-office/2014/04/16/fact-sheet-american-job-training-investments-skills-and-jobs-build-stron
https://obamawhitehouse.archives.gov/the-press-office/2014/04/16/fact-sheet-american-job-training-investments-skills-and-jobs-build-stron

	VoTrE: A Vocational Training and Evaluation System to Compare Training Approaches for the Workplace
	Abstract
	1 Introduction
	2 Related Work
	3 Experimental Setup
	4 Methodology
	4.1 Participants
	4.2 Towers of Hanoi Rules
	4.3 Training Phase
	4.3.1 Traditional Training Method (Human Trainer)
	4.3.2 Gamification (Game-Based Training)
	4.3.3 Computer-Aided Training

	4.4 Test Phase

	5 Data Collection and Analysis
	5.1 Performance of Trainees
	5.2 User Survey Results

	6 Discussion and Conclusion
	Acknowledgments
	References


