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ABSTRACT: The construction industry involves highly hazardous working conditions, where workers need to 

identify and assess a litany of risks on jobsites resulting from the varied high-energy work being performed around 

them. Research suggests that, while the traditional training approaches offer value, they do not sufficiently prepare 

workers to eliminate preventable injuries. Emerging technologies offer opportunities to leverage immersive virtual 

environments to train construction personnel about safe practices. This research reviews the uneven literature 

across various domains and examines how virtual technologies and haptic feedback has been used for targeted 

training experiences. The results of this work illustrate that there are many different learning advantages reported 

for VR and haptic environments for various fields. There is also evidence to suggest synergies between the two 

technologies justify the exploration of both in conjunction with one another for adult learning applications. The 

authors use the findings reported in these prior studies to theorize potential learning benefits that the construction 

industry could gain by adopting immersive simulation-based training environments. The effort here also identifies 

how immersive training environments can generate targeted emotional arousal and increase situational interest 

to meet safety-related learning objectives while also promoting risk-averse decisions. 
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1. INTRODUCTION 

The U.S. construction industry makes up 6% of the U.S. GDP and accounts for $1 trillion in annual spending 

(Huesman et al., 2015) and 9 million American jobs (Dong et al., 2014). However, the industry has struggled with 

productivity and wastes of about $15.8 billion annually due to inoperability (Gallaher et al., 2004) and another $15 

billion in direct costs stemming from occupational fatalities and injuries.  

Recent studies have highlighted that the current format of skill and safety training sessions are not engaging and 

often present information in a manner that cannot be easily retained by adult learners (Albert and Hallowell 2013). 

From a safety training context, Albert et al. (2014) showed that workers are engaging in unsafe behavior perhaps 

unwittingly because the conventional safety training programs are ineffective at improving their hazard recognition 

skills. This incompetency is the result of the framework of these safety training programs that uses child-focused 

pedagogical principles (Albert and Hallowell, 2013) which makes them not only ineffective in promoting learning, 

also leads to instilling a negative outlook towards learning among workers (Haslam et al. 2005). This ‘teacher-

student’ passive learning framework for training is not conducive to positive learning environment for construction 

workers. Furthermore, it would be fair to hypothesize that there is going to be a massive influx of semi-skilled 

workers to address the critical labor shortages facing the industry right now (Wang et al., 2010). Thus, the industry 

could benefit significantly by revolutionizing the design and delivery of the various training programs to encourage 

workers to engage within the learning environment and also enhance their long-term knowledge retention. 

Researchers have started to explore the efficacy of using virtual reality (VR) technology within construction safety 

training contexts to create immersive environments to test hazard recognition (Tang et al., 2009), risk assessment 

(Tixier et al., 2014), and decision-making (Bhandari et al., 2018) skills. The use of high-fidelity VR environments 

allows researchers to expose individuals to risks without causing actual harm. Similarly, haptic feedback has been 

used within the construction context to provide error feedback and defect management for workers (Dong et al., 

2009; Kosch et al., 2016). While VR environments have been successfully used to measure skill and decision-



 

 

making abilities, studies have not explored if these immersive environments and feedbacks can enhance learning 

outcomes among workers. Specifically, it is unclear if providing experiential learning on construction projects can 

translate to enhanced skills and safer practices on the construction site. The purpose of this paper is to review 

literature from other domains and propose how use of VR and haptic technology can potentially further learning 

outcomes among construction workers and identify critical gaps in body of knowledge for future research 

endeavors. 

2. OVERVIEW / BACKGROUND 

In the section below, we examine the relevant literature related to using VR and haptic feedback for training and 

education purposes across diverse domains and how the use of these technologies can instigate and sustain primary 

psychological precursors to learning. The established theory presented here will be used to ground our discussion 

on the potential benefits the construction industry can receive by adopting these immersive technologies. 

2.1 Psychological Antecedents to Learning 

Emotional arousal and interest are strong and immediate precursors to intense learning experiences. Both are key 

learning agents as they generate and mediate a learner’s cognitive functioning (Renninger, 2000), motivation 

(Pekrun et al., 2011), attention (Hidi et al., 2004), commitment to learning (Schiefele, 1999) and knowledge 

retention (Brown and Kulik, 1977).  

Emotional arousal is a fundamental component to experiential learning. Experiencing an emotional response in a 

learning environment can motivate learners to pursue or continue to engage with the information being provided 

by heightening curiosity or instill a need to improve performance (Konradt et al., 2003). Studies have found that 

students who experience emotional arousal in a learning environment are more likely to recall and remember the 

information (Chung et al., 2015). Furthermore, Brown and Kulik’s (1977) flash-bulb theory suggests that events 

with strong emotional impact can remain well-preserved in our long-term memory. This implies that training 

sessions that provide information with relevant and impactful emotional cues would be less likely to be corroded 

easily from memory, thereby improving long-term retention of knowledge. 

Both positive and negative emotions can enhance learning experiences. Positive emotions promote intrinsic 

motivation and creative thinking (Bless et al., 1996) whereas, negative emotions can generate extrinsic motivation 

and promote a more cautious and detail-oriented approach to problem solving (Pekrun et al., 2002). Appropriate 

emotional responses within learning environment can aid learners to adequately assess, categorize, and value the 

information being presented. These findings underscore the importance of experiential learning (Chung et al., 2015) 

since sensory experiences and active learning techniques yield greater emotional arousal than passive lectures and 

presentations (Bell and Kozlowski, 2008; Um et al., 2012). Moreover, emotional arousal during training 

environments can also be used to influence risk-taking behavior and safety decisions (Tixier et al. 2014). 

Additionally, interest experienced by a learner in a subject has been noted by researchers as a critical driver of 

long-term engagement with learning as well (Hidi and Renninger, 2006). There are two primary forms of interest: 

individual and situational where individual interest has been characterized as a deep and enduring personal 

connection with subject matter whereas situational interest is immediate and fleeting experience where interest is 

associated with stimulus within the environment in that moment (Hidi and Renninger, 2006). Situational interest 

is a strong predictor of willingness to apply cognitive resources to acquire and apply knowledge (Ainley et al., 

2002). This paper focuses on situational interest because it is more relevant to consider immediate and short-term 

reactions to training environments however, Hidi and Renninger (2006)’s interest model suggests that a pervasive 

learning environment that sustains situational interest can develop into meaningful and well-developed individual 

interest. Because current safety training frameworks can often be mundane and do not incorporate adult learning 

principles (Albert and Hallowell, 2013), a focus on generating situational interest can yield not just a more 

cognitively motivated workforce, but also one that is emotionally and behaviorally engaged (Sun and Rueda, 2012). 

Therefore, in summary training programs need to provide active learning environments with agents to generate 

both situational interest and targeted emotional arousal to improve engagement, enhance knowledge retention, 

influence behavior, and address the negative outlook towards training in the workforce. 

2.2 Use of VR for Learning and Training Purposes 

VR simulation can be characterized as computer-generated synthetic immersive environment that allows a person 

to interact with reality (Briggs, 1996). These immersive environments are often used by researchers to study an 



 

individual’s perceptions and behavioral tendencies by simulating reality without incurring significant costs and 

within certain experimental contexts, circumventing the need to place someone in real danger. VR environments 

have received significant attention from the research community and its efficacy within learning (Merchant et al., 

2014; Youngblut, 1998) and training (Lateef, 2010) contexts across various domains has been rigorously validated.  

Immersive VR environments can be effective in enhancing attention (Cho et al., 2002) and reducing cognitive 

demand for improved learning experiences (Wetzel et al., 1994). Seymor et al. (2002) conducted a double-blind 

study on surgical residents and found that the participants with VR training took less time and made fewer errors 

compared to non-trained participants. Similarly, a plethora of studies have replicated these findings confirming the 

utility of VR training in improving performance in operating rooms (Grantcharov et al., 2004). Use of VR training 

can provide learners the opportunity to constantly and consistently train without utilizing significant resources 

each time (Gallagher and Cates, 2004) and trainers or supervisors can monitor an individual’s learning curve 

(Gallagher and Satava, 2002). Similarly, construction workers also deal with significant time pressure and work in 

an environment that is dynamic and the risks are ever-changing, thus placing them in VR simulation can serve as 

a high-fidelity experiential learning tool that can heighten their situational awareness by engaging their visual and 

auditory sensory experience. 

As VR technology continues to increase in fidelity, users will continue report increased presence in the 

environment. The degree of immersion, interactivity, novelty, and challenge by using this technology can yield 

proportional motivation and mindful engagement (Malone and Lepper, 1987) and self-directed learning (Pantelidis, 

1993; Standen and Low, 1996). The level of immersion in a VR environment also generates emotional arousal 

(Riva et al., 2007), while Edwards and Gangadharbatla (2001) proposed that 3D modalities should increase 

situational interest. Thus, VR can be an effective tool for training construction workers on technical skills and level 

of immersion can generate targeted emotional arousal that can enhance learning outcomes and risk-averse 

decision-making.  

2.3 Use of Haptic Technology for Learning and Training Purposes 

Just like visual and auditory cues, our sense of touch can influence attitudes, behavior, and judgments (Ernst and 

Banks, 2002; Peck and Childers, 2003). Haptic feedback is essentially sensory feedback that is generated from 

kinesthetic and tactile receptors (Botden et al., 2008). The feedback can guide individuals on the speed and 

direction of necessary movement thereby improving tactile skill (Pantelidis, 1993). Haptic feedback technologies 

allow a user to interact mechanically with remote environments without being exposed to the risks (Hatzfeld and 

Thorsten, 2014). This form of feedback has been found to be highly beneficial and is widely used in the medical 

field to aid in improving skill among residents and patients to improve performance of surgery (Mayer et al., 2007; 

Okamura, 2004) and improve motor-skills (Jiang et al., 2009) respectively. 

Even in other domains, haptic feedback has been used to enhance the transfer of technical skills. Marchal-Crespo 

et al. (2010) found that haptic training improved car steering performance among all age groups. Primary reason 

that feedback from haptic devices improves performance could be attributed to gaining physical representation 

through “feel” of knowledge that learners cannot access in a traditional learning environment (Reiner, 1999). 

Reiner (1999) also suggests that the gain of such knowledge promotes construction of accurate mental models that 

learners can easily access. Even under high cognitive load, haptics can improve the speed and accuracy in task 

performance (Cao et al., 2007). 

Like VR being proven to instigate emotional responses, there is evidence that haptic feedback could intrinsically 

impact emotional arousal (Olausson et al., 2002). A study by Jones et al. (2003) showed that students who received 

haptic feedback had an overall positive emotional experience in the learning environment and reported more 

meaningful engagement and interest with the subject matter. These studies suggest that haptic feedback can 

mediate emotional arousal and the experience of interest among learners that could be used by teachers, facilitators, 

and managers to enhance learning outcomes. 

2.4 Use of Haptic Technology in conjunction with VR 

While VR technologies and haptic feedback have been utilized across various domains, their use has been mostly 

mutually exclusive of each other. But sparse and preliminary evidence suggests that providing haptic feedback 

within VR environment can be used further heighten user presence and sense of realism (Weiss et al. 2009). 

Use of haptic feedback with VR technology has aided both sighted and blind people with development of cognitive 

models and spatial knowledge (Colwell et al., 1998; Jansson et al., 1998). A study by Jacobs et al. (2007) found 



 

 

that, compared to the traditional use of only visual feedback, a combination of haptic and visual feedback can 

improve an individual’s productivity by significantly reducing their task completion times while also reducing the 

number of errors they commit.  

Combining the two technologies has also been shown to improve the transference of the virtual experience to real-

world skills (Council et al., 1995) as it improves users ability to make personal connections with subject matter 

(Jones et al., 2006). Use of haptic feedback within VR environment has been shown to improve the range of motion 

and speed of hand movement among patients who have suffered a stroke even at chronic stages (Merians et al., 

2002). Within learning contexts, the combination of visual and auditory cues from the VR environment and sense 

of touch from haptic feedback allows learners to utilize multiple channels to process information, build more 

accurate mental models, and improve retention of knowledge (Baddeley, 1992). Furthermore, the cutaneous 

sensations alongside visual and auditory information improves memory capacity (Killi 2005; Sweller, 1988; 

Wickens, 2002) while the novelty of the experience improves curiosity and interest (Richard et al. 1996).  

So far within the construction domain, VR technology and haptic devices for feedback have been used 

independently and sparingly. However, VR environments have only been used as tools to measure skill and 

behavior but rarely to provide training. Haptic feedback on the other hand, has received nearly no attention from 

researchers and industry stakeholders within the construction domain. The research that has been conducted is 

mostly qualitative and speculative in nature (Wang et al., 2007). There is a need to conduct empirically driven 

exploration to examine if providing high fidelity information from immersive environments improves or hinders 

acquisition of skill and knowledge among workers. 

3. DISCUSSION  

The literature review above shows that VR environments and haptic feedback are being commonly used in the 

various domains to transfer technical skills, enhance learning, and study users’ perceptions and behavior when 

interacting with real-world simulations. Within the construction industry, most training programs use either passive 

settings (Albert and Hallowell, 2013) or a multimedia learning environment, which includes physical simulations 

and narration (e.g., Bhandari and Hallowell, 2017) that can be interactive but not immersive in nature. The 

following section uses the findings presented above to interpolate the theoretical benefits the construction industry 

can derive by adopting VR+ haptic feedback training format. Furthermore, the authors also identify potential 

avenues for future researchers to further the current body of knowledge. 

3.1 Implications 

Research shows that witnessing or sustaining an injury creates a deeper experience and consequently leaves the 

experiencer with a long-lasting lesson learned (Hallowell, 2010). It is fair to hypothesize that placing workers in a 

VR simulation and allowing them to make mistakes and deal with the consequences can lower their overall risk 

tolerance and heighten their situational awareness on actual worksite. This is the reason training programs 

especially within construction domain need to focus on fostering experiential learning environments (Bhandari 

and Hallowell, 2017). 

Adult learners interact with learning environments differently and their needs are very different compared to 

children. Passive learning environments generally ignore relevant life-experiences and their cultural backgrounds 

(Hollins and King, 1994; Merriam, 2004). VR technology and haptic feedback can promote self-directed learning 

among adults by giving them autonomy to interact with simulated reality. Adult learners are context-driven and 

truly engage with learning environments if they see information relevant to their everyday life (Lindeman, 1956). 

Furthermore, real-time feedback can allow the workers to enrich pre-existing knowledge, while gaining new 

knowledge. Passive learning environments are framed to not allow self-directed learning which adults prefer 

(Specht and Sandlin, 1991) and coercion experienced in those learning environments (Boyatzis, 2002) could 

explain the negative outlook towards safety training among construction workers. 

To make training a fun and interesting experience, it needs to be unique and interactive. A VR training environment 

may be perceived as both novel and immersive, which are key factors to triggering situational interest among 

learners (Hidi 1990). Factors such as engaging narrative, humor, and belongingness (Bergin, 1999) can be easily 

incorporated in a virtual training environment to sustain that interest of workers. For the construction industry, this 

coupled with the findings from previous studies showing the use of VR technology and haptic feedback can make 

individuals more productive, which can address crippling costs incurred due to interoperability and injuries 

mentioned above. Finally, as mentioned before, emotional arousal can influence not only our learning outcomes, 



 

but also our behavior and decision-making abilities. It can be used to control risk-taking behavior and heighten 

perception of risk (Loewenstein et al. 2001). Specifically, negative emotions can reduce risk-taking behavior by 

lowering false optimism (Taylor and Brown, 1988) and reduce appraisal of safety (Izard, 1977). Within the 

construction context, Tixier et al. (2014) showed in a controlled experiment that participants induced with negative 

emotions showed higher risk-perception when assessing construction hazards compared to participants induced 

with positive emotions and control group. Similarly, Bhandari and Hallowell (2017) showed that multimedia 

simulation-based training environments can be used to generate targeted emotional arousal among construction 

workers. As noted before although typically, positive learning environments are favored, negative emotions can 

generate extrinsic motivation to avoid failure (Pekrun, 2002) and make learners more detail-oriented and cautious 

(Bless et al., 1996) which in safety context is more desirable. Table 1 shows that training environments that use 

both VR and haptic feedback can theoretically enable more learning agents over the more traditional learning 

environments.   

Table 1: Crosswalk table comparing VR and Haptic training combination against other training formats 

 
Emotional 

Arousal 

Self-directed 

Learning 

Immersive 

Interaction 

Physical 

Interaction 

Experiential 

Learning 
Novelty 

VR + Haptic 

Feedback 

X Reiner 1999, Taylor 

& Brown 1998  

X Okamura 2004, 

Schiefele 1999 

X Cho et al. 2002 X Gallager and Sataya 

2002 

XGallager and Kates, 

Gallager and Sataya 

2002 

X Bergin 1999, 

Hidi 1990, 

Malone and 

Leper 1987  

VR X Reiner 1999, 

Schiefele 1999 

X Okamura 2004, 

Schiefele 1999 

X Cho et al. 2002  X Gallager and Kates, 

Gallager and Sataya 

2002 

X Bergin 1999, 

Hidi 1990, 

Malone and 

Leper 1987 

Haptic Feedback X Merriam 2004 X Chien et al. 2010  X Gallager and Sataya 

2002 

X Kosch et al. 2016  X Bergin 1999, 

Hidi 1990, 

Malone and 

Leper 1987 

Multimedia 

Learning 

Environment 

X Bhandari et al. 2017 X Bhandari et al. 2017  X Bhandari et al. 2017 X Bhandari et al. 2017  

Passive Learning 

Environment 

X Perry & Dickens 

1984 

     

In sum, VR + haptic feedback-based training may be able to be used as tools to induce targeted emotional arousal 

to manipulate risk perception and promote risk-averse decision-making among construction workers. Furthermore, 

the incorporation of self-directed learning framework with active learning environment may generate meaningful 

interest among workers to persevere with learning and dedicate cognitive resources. Finally, realistic and 

immersive simulations of hazards, risks, and injuries can act as experiential learning components for workers that 

should lower their risk tolerance and heighten situational awareness. Figure 1 shows the pathways that can lead to 

these potential improvements in learning outcomes, productivity, and risk-taking behavior. 

3.2 Gaps in Knowledge and Future Directions 

It has been established that the current methods of safety training are woefully inadequate (Albert et al., 2014) and 

the use of VR technologies and haptic feedback has been largely successful in other domains. This paper posits 

that the use of VR technologies with haptic feedback could overcome the shortcomings of the current child-focused 

pedagogical principles-based training modules currently used on construction sites. However, the implications 

discussed above have not been empirically tested and need validation.  

The qualitative assertions of potential gains that the industry could gain are derived primarily from studies 

conducted in the medical domain focused on resident surgical training. These findings need to be validated in a 

construction setting as construction jobsites are much more dynamic in nature (Rozenfeld et al., 2010) and the 

nature of hazards and risk can vary on each jobsite. There is a need to study if the higher fidelity training systems 



 

 

can improve situational awareness and work performance among the adult learners over the traditional methods 

of training. Specifically, while we theorize that VR environments and haptic feedback may reduce errors and 

improve hazard recognition skills, the degree of the improvement that can be expected remains completely 

nebulous. Finally, it is unclear if the realistic simulations of accidents and injuries resulting from their poor 

decisions (i.e., experiential learning) would indeed be effective in reducing risk-tolerance levels and attitude 

towards safety among workers. Addressing these gaps by conducting empirically driven experiments in a 

controlled laboratory setting would provide more context to the understanding of whether the cost of adopting VR 

+ haptic feedback training is justified or not. 

Figure 1: Pathways to potential gains from adopting VR + haptic training framework 

From a psychological context, while researchers agree that VR and haptic technologies can be used to generate 

emotional arousal, there is uncertainty regarding their pervasive nature. In other words, it is unclear if these 

technologies generate more intense and sustained emotional experiences over the traditional media, and if those 

experiential emotions mediate learning and decision-making among adult learners. Such knowledge would not 

only benefit construction community, but also learning and psychology community as adult learners are often 

neglected and the learning agents in occupational training environment have not been rigorously examined. 

There are indeed some practical challenges that need to be explored as well. The construction industry shows 

significant resistance when it comes to adopting and adapting to new technologies. It is not clear how often this 

type of training would need to be provided and how could it be integrated with current safety training methods 

such as Occupational Safety and Health Administration 10-hour training, safety inductions, and hazard checklist 

(e.g., jobsite hazard analysis) as it is possible that former may not effectively address each task and site-specific 

challenges. Finally, there is also no comprehensive study that could be identified to understand what challenges 

workers may have while interfacing with new and sophisticated technology. If these practical challenges are not 

addressed adequately, it could impede the industry adoption on a wide-scale, regardless of the proposed or 

empirically validated benefits.   

4. CONCLUSION 

While there has been significant research within the safety domain, safety training itself in the construction industry 

has hardly changed over the past few decades. It has not evolved to address the advancements in the field of adult 

learning, nor has it been very accepting of new technologies for various reasons (e.g., first costs, skepticism and 

reluctance due to lack of existing users, and scaling issues). These reasons have been published in industry reports 

(KPMG International 2016), however they have not been empirically validated by the research community. 

Restructuring the training programs from the ground up could address critical competency needed in the largest 

single-service industry in U.S., which is about to see an influx of new workers to address the crippling workforce 

shortages. The purpose of this paper was to highlight theoretical learning and behavioral gains that the industry 
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could reap by adopting VR and haptic technology-based learning environments and also to identify key gaps in 

the current body of knowledge. Although VR based training with haptic feedback may require more upfront 

resources, the authors posit that workers who are given training in immersive experiential learning environments 

would be more productive, retain knowledge better, and make appropriate risk-averse decisions. 

5. REFERENCES  

Ainley, M., Hidi, S. and Berndorff D. (2002). Interest, learning, and the psychological processes that mediate their 

relationship. Journal of educational psychology, 94(3), 545. 

Albert, A. & Hallowel M.R. (2013). Revamping occupational safety and health training: Integrating andragogical 

principles for the adult learner. Construction Economics and Building, 13(3), 128-140. 

Albert, A., Hallowell, M.R., Kleiner, B., Chen, A. and Golparvar-Fard, M. (2014). Enhancing construction hazard 

recognition with high-fidelity augmented virtuality. Journal of Construction Engineering and Management, 140(7), 

04014024. 

Baddeley, A. (1992). Working memory. Science, 255(5044), 556-559. 

Bhandari, S. and Hallowell, M.R. (2017). Emotional Engagement in Safety Training: Impact of Naturalistic Injury 

Simulations on the Emotional State of Construction Workers. Journal of Construction Engineering and 

Management, 143(12), 04017090. 

Bhandari, S., Hallowell, M.R., van Boven, L., Golparvar-Fard, M., Gruber, J. and Welker, K.M. (2018). Using 

Augmented Virtuality to Understand the Situational Awareness Model. In Construction Research Congress 2018 

(pp. 105-115). 

Bell B. S. and Kozlowski S. W. (2008). Active Learning: Effects of core training design elements on self-regulatory 

process, learning and adaptability. J. Appl. Psychol 93(2), 296-316. 

Bergin, D. A. (1999). Influences on classroom interest. Educational psychologist, 34(2), 87-98. 

Bless H., Schwarz N., Clore G. L., Golisano V., Rabe C. and Wölk M. (1996). Mood and the use of scripts: does 

a happy mood really lead to mindlessness?. Journal of Personality and Social Psychology, 71(4): p. 665–679. 

Botden, S. M., Buzink, S. N., Schijven, M. P., & Jakimowicz, J. J. (2008). ProMIS augmented reality training of 

laparoscopic procedures face validity. Simulation in healthcare, 3(2), 97-102. 

Boyatzis, R.E. (2002). Unleashing the power of self-directed learning. Changing the way we manage change, 13-

32. 

Briggs, J.C. (1996). The promise of virtual reality. The futurist, 30(5), 13. 

Brown R. and Kulik J. (1977). Flashbulb memories. Cognition. 5(1), 73-99. 

Cao, C.G., Zhou, M., Jones, D.B. and Schwaitzberg, S.D. (2007). Can surgeons think and operate with haptics at 

the same time? Journal of Gastrointestinal Surgery, 11(11), 1564-1569. 

Chien, C. H., Chen, C. H. and Jeng, T.S. (2010, March). March. An interactive augmented reality system for 

learning anatomy structure. In proceedings of the international multiconference of engineers and computer 

scientists (Vol. 1, pp. 17-19). Hong Kong, China: International Association of Engineers. 

Cho, B. H., Ku, J., Jang, D. P., Kim, S., Lee, Y. H., Kim, I. Y., ... & Kim, S. I. (2002). The effect of virtual reality 

cognitive training for attention enhancement. CyberPsychology & Behavior, 5(2), 129-137. 

Chung S., Cheon J. and Lee K.W. (2015). Emotion and multimedia learning: An investigation of the effects of 

valence and arousal on different modalities in an instructional animation. Instructional Science, 43(5), 545-559. 

Council N. R., C. S. and Board T. and C. (1995) V. R. R. and Development, Virtual Reality: Scientific and 

Technological Challenges. Washington, D.C: National Academies Press. 

Dong, A., Maher, M. L., Kim, M. J., Gcou, N., & Wang, X. (2009). Construction defect management using a 



 

 

telematic digital workbench. Automation in Construction, 18(6), 814-824. 

Dong, X. S., Largay, J. A., & Wang, X. (2014). New trends in fatalities among construction workers. CPWR Data 

Brief, 3(2), 1-10. 

Edwards, S.M. and Gangadharbatla, H. (2001). The novelty of 3D product presentations online. Journal of 

Interactive Advertising, 2(1), 10-18. 

Ernst M. O. and Banks M. S. (2002). Humans integrate visual and haptic information in a statistically optimal 

fashion. Nature, 45(6870), 429. 

Gallagher, A.G. and Cates, C.U. (2004). Approval of virtual reality training for carotid stenting: what this means 

for procedural-based medicine. Jama, 292(24), 3024-3026. 

Gallagher, A.G. and Satava, R.M. (2002). Virtual reality as a metric for the assessment of laparoscopic 

psychomotor skills. Surgical Endoscopy and Other Interventional Techniques, 16(12), 1746-1752. 

GCR, N. (2004). Cost analysis of inadequate interoperability in the US capital facilities industry. National Institute 

of Standards and Technology (NIST). 

Grantcharov T. P., Kristiansen V. B., Bendix J., Bardram L., Rosenberg J. and Funch-Jensen P. (2004) Randomized 

clinical trial of virtual reality simulation for laparoscopic skills training. British Journal of Surgery, 91(2), 146–

150. 

Hallowell M. (2010). Safety Risk Perception in construction companies in the Pacific Northwest of the USA. 

Construction Management and economics, 28(4), 403-413. 

Hatzfeld, C., & Kern, T. A. (Eds.). (2014). Engineering Haptic Devices: A Beginner's Guide. Springer. 

Biocca, F., & Delaney, B. (1995). Immersive virtual reality technology. Communication in the age of virtual reality, 

57-124. 

Haslam, R. A., Hide, S. A., Gibb, A. G., Gyi, D. E., Pavitt, T., Atkinson, S., & Duff, A. R. (2005). Contributing 

factors in construction accidents. Applied ergonomics, 36(4), 401-415. 

Hidi, S. (1990). Interest and its contribution as a mental resource for learning. Review of Educational research, 

60(4), 549-571. 

Hidi S. and Renninger K. A. (2006). The Four-Phase Model of Interest Development. Educational Psychologist 

41(2), 111–127. 

Hidi S., Renninger K. A. and Krapp A. (2004). Interest, a motivational variable that combines affective and 

cognitive functioning. In Motivation, emotion, and cognition (pp. 103-130). Routledge. 

Hollins, E. R., King, J. E., & Hayman, W. C. (Eds.). (1994). Teaching diverse populations: Formulating a 

knowledge base (Vol. 1944). SUNY Press. 

Huesman J., Holland L. and Langley T. (2015) “April 2015 construction at $1,006.1 Billion Annual Rate,” U.S. 

Census Bureau News, Washington, D.C., 01-Jun-2015. 

Izard, C. E. (1977). Human emotions (Vol. 17).  

Jiang, L., Cutkosky, M.R., Ruutiainen, J. and Raisamo, R. (2009). Using haptic feedback to improve grasp force 

control in multiple sclerosis patients. IEEE transactions on Robotics, 25(3), 593-601. 

Jones, M. G., Andre, T., Superfine, R., and Taylor R. (2003). Learning at the nanoscale: The impact of student’s 

use of remote microscopy on concepts of viruses, scale, and microscopy. Journal of Research in Science Teaching. 

40(3), 303-322. 

Jones M. G., Minogue J., Tretter T. R., Negishi A., and Taylor R. (2006). Haptic augmentation of science 

instruction: Does touch matter?. Science Education, 90(1), 111–123. 

Konradt, U., Filip, R. and Hoffmann, S. (2003). Flow experience and positive affect during hypermedia learning. 



 

British journal of educational technology, 34(3), 309-327. 

Kosch, T., Kettner, R., Funk, M., & Schmidt, A. (2016, October). Comparing tactile, auditory, and visual assembly 

error-feedback for workers with cognitive impairments. In Proceedings of the 18th International ACM 

SIGACCESS Conference on Computers and Accessibility (p. 53-60). ACM. 

Krapp A. and Fink B. (1992). The development and function of interests during the critical transition from home 

to preschool. The Role of interest in learning and development, 397-429. 

Kiili K. (2005). Digital game-based learning: Towards an experiential gaming model. The Internet and Higher 

Education, 8(1), 13–24 

Lateef F. (2010). Simulation-based learning: Just like the real thing. Journal of Emergencies, Trauma and Shock 

3(4), 348–352 

Lindeman, E.C., Gessner, R. & Otto, M. (1956). The democratic man: Selected writings of Eduard C. Lindeman, 

Boston Press.  

Loewenstein, G.F., Weber, E.U., Hsee, C.K. and Welch, N., 2001. Risk as feelings. Psychological bulletin, 127(2), 

p.267. 

Malone T. and Lepper M. (1987). Making learning fun: A taxonomy of intrinsic motivations for learning. In: 

Aptitude, learning and instructions: III. Cognative and affective process analyses Vol. 3, R. E. Snow and M. J. Farr, 

Eds. 223–253. 

Marchal-Crespo L., McHughen S., Cramer S. C., Reinkensmeyer D. J. (2010). The effect of haptic guidance, aging, 

and initial skill level on motor learning of a steering task. Experimental Brain Research. 201(2), 209-220. 

Mayer H., Nagy I., Knoll A., Braun E. U., Bauern schmitt R. and Lange R. (2007). Haptic Feedback in a 

Telepresence System for Endoscopic Heart Surgery. Presence. 16(5), 459–470. 

Merchant Z., Goetz E. T., Cifuentes L., Keeney-Kennicutt W. and Davis T. J. (2014). Effectiveness of virtual 

reality-based instruction on students’ learning outcomes in K-12 and higher education: A meta-analysis. Computers 

& Education, 70, 29–40 

Merians, A.S., Jack, D., Boian, R., Tremaine, M., Burdea, G.C., Adamovich, S.V., Recce, M. and Poizner, H., 

(2002). Virtual reality–augmented rehabilitation for patients following stroke. Physical therapy, 82(9), 898-915. 

Merriam S. (2004). The changing landscape of adult learning theory. Review of adult learning and literacy: 

Connecting research, policy, and practice, 199- 220. 

Okamura A. M. (2004). Methods for haptic feedback in teleoperated robot-assisted surgery. Industrial Robot: An 

International Journal, 31(6), 499–508 

Olausson H. et al. (2002). Unmyelinated tactile afferents signal touch and project to insular cortex. Nature 

Neuroscience, 5(9), 900–904 

Pantelidis V. S. (1993). Virtual Reality in the Classroom. Educational Technology, 33(4), 23–27 

Peck J. and Childers T. L. (2003). To Have and To Hold: The Influence of Haptic Information on Product 

Judgments. Journal of Marketing, 67(2), 35–48. 

Pekrun R., Goetz T., Frenzel A. C., Barchfeld P. and Perry R. P. (2011). Measuring emotions in students’ learning 

and performance: The Achievement Emotions Questionnaire (AEQ). Contemporary Educational Psychology 36(1), 

36–48. 

Pekrun R., Goetz T., Titz W. and Perry R. P. (2002). Academic Emotions in Students Self-Regulated Learning and 

Achievement: A Program of Qualitative and Quantitative Research. Educational Psychologist. 37(2), 91-105. 

Perry, R.P. and Dickens, W.J. (1984). Perceived control in the college classroom: Response–outcome contingency 

training and instructor expressiveness effects on student achievement and causal attributions. Journal of 

Educational Psychology, 76(5), 966. 



 

 

Reiner, M. (1999). Conceptual construction of fields through tactile interface. Interactive Learning Environments, 

7(1), 31-55. 

Renninger K. A. (2000). Individual interest and its implications for understanding intrinsic motivation. In Intrinsic 

and Extrinsic Motivation (pp.373–404). 

Richard P., Birebent G., Coiffet P., Burdea G., Gomez D. and Langrana N. (1996). Effect of Frame Rate and Force 

Feedback on Virtual Object Manipulation. Presence: Teleoperators & Virtual Environments, 5(1), 95–108. 

Riva G. et al. (2007). Affective interactions using virtual reality: the link between presence and emotions. 

Cyberpsychology & Behavior 10(1), 45–56. 

Rozenfeld, O., Sacks, R., Rosenfeld, Y. and Baum, H. (2010). Construction job safety analysis. Safety science, 

48(4), 491-498. 

Schiefele U. (1999). Interest and Learning from Text. Scientific Studies of Reading, 3(3), 257–279 

Seymor N. E., Gallagher A. G., Roman S. A., O’Brien M. K., Bansal V. K., Andersen D. K., Satava R. M. (2002). 

Virtual Reality Training Improves Operating Room Performance. Annals of Surgery. 236(4), 458-464. 

Specht, L.B. and Sandlin, P.K. (1991). The differential effects of experiential learning activities and traditional 

lecture classes in accounting. Simulation & Gaming, 22(2), 196-210. 

Standen P. and Low H. L. (1996). Do virtual environments promote self-directed activity? A study of students with 

severe learning difficulties learning Makaton sign language. In: Proceedings of the First European Conference on 

Disability, Virtual Reality and Associated Technologies (pp. 123–127). 

Sun, J. C. Y., & Rueda, R. (2012). Situational interest, computer self‐efficacy and self‐regulation: Their impact on 

student engagement in distance education. British Journal of Educational Technology, 43(2), 191-204. 

Sweller J. (1998). Cognitive Load During Problem Solving: Effects on Learning. Cognitive Science, 12(2), 257–

285 

Tang, C.H., Wu, W.T. and Lin, C.Y. (2009). Using virtual reality to determine how emergency signs facilitate way-

finding. Applied ergonomics, 40(4), 722-730. 

Taylor, S. E., and Brown, J. D. (1988). Illusion and well-being: a social psychological perspective on mental health. 

Psychological bulletin, 103(2), 193-210. 

Tixier Antoine J.-P., Hallowell Matthew R., Albert Alex, Van Boven Leaf, and Kleiner Brian M. (2014). 

Psychological Antecedents of Risk-Taking Behavior in Construction. Journal of Construction Engineering & 

Management, 140(11), 04014052 

Um E.R., Plass J.L., Hayward E.O. and Homer B.D. (2012). Emotional Design in multimedia Learning. Journal 

of Educational Psychology 104(2), 485-498 

Wang, X. and Dunston, P.S., 2007. Design, strategies, and issues towards an augmented reality-based construction 

training platform. Journal of information technology in construction (ITcon), 12(25), 363-380. 

Wang Y., Goodrum P.M., Haas C., Glover R., and Vazari S. (2010). Analysis of the benefits and costs of 

construction craft training in the United States based on expert perceptions and industry data. Construction. 

Management And Economics, (28)12, 1269–1285 

Wetzel C. D., Radtke P. H. and Stern H. W. (1998) Instructional Effectiveness of Video Media, 1 edition. Hillsdale, 

N.J: Routledge 

Wickens, C.D. (2002). Multiple resources and performance prediction. Theoretical issues in ergonomics science, 

3(2), 159-177. 

Youngblut C. (1998). Education Uses of Virtual Reality Technology (No. IDA-D-2128). INSTITUTE FOR 

DEFENCE ANALYSES ALEXANDRIA VA.  

 


	POTENTIAL FOR VIRTUAL REALITY AND HAPTIC FEEDBACK TO ENHANCE LEARNING OUTCOMES AMONG CONSTRUCTION WORKERS
	1. INTRODUCTION
	2. OVERVIEW / BACKGROUND
	2.1 Psychological Antecedents to Learning
	2.2 Use of VR for Learning and Training Purposes
	2.3 Use of Haptic Technology for Learning and Training Purposes
	2.4 Use of Haptic Technology in conjunction with VR

	3. DISCUSSION
	3.1 Implications
	3.2 Gaps in Knowledge and Future Directions

	4. CONCLUSION
	5. REFERENCES


