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Abstract: Authentic learning opportunities that simulate full scale design and construction experiences 

using real materials offer ideal experiential learning environments for construction and civil engineering 

students by challenging students to apply building concepts in practical settings. However, the excessive 

cost of real building materials required for this mode of education limits access to the vast majority of 

students. As a result, educational researchers have explored potential alternatives to provide cost-effective 

experiential learning through activities using mock-up materials (e.g., plastic straws, popsicle sticks) and 

simulation of experiences using immersive technologies (e.g., virtual reality or augmented reality). While 

some of these alternatives approximate the environment and others provide physical interaction with 

mock-up materials, the lack of authenticity in the building materials used introduces some apparent 

differences between the “authentic” learning environments and their cost-effective approximations. 

Therefore, this research aims to identify the learning processes reported by students and faculty who 

participated in authentic learning experiences to understand the ways in which this mode of education 

offers unique value to construction education. Their interview responses illustrated characteristics of 

authentic learning experiences that were believed to be critical to the learning process, some of which 

included: working in groups; interdisciplinary participants; and use of real construction materials. 

Although some of these characteristics are intrinsically linked to the use of real materials, others do not 

explicitly refer to interaction with real materials. This may indicate to aspects of the authentic learning 

processes that educational researchers can strategically target through more cost-effective learning 

environments like virtual and augmented reality. The contribution of this paper is in identifying the 

characteristics of authentic learning experiences that may guide educational investment and research 

innovations that aim to replicate some of these learning experiences through more accessible learning 

environments.  

Keywords: authentic learning; experiential learning; real materials; immersive technologies; virtual 

reality; augmented reality  

 

1. Introduction 

Construction professionals rarely build identical structures with identical project teams, 

requiring them to take advantage of their experience to make decisions that are appropriate to 

the specific needs of a particular project and team. This highlights the need for Architecture, 

Engineering and Construction (AEC) students to apply theoretical concepts to practical 

applications to be ready for career success [1–3]. This form of learning that is facilitated by 
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experience has been established in the education literature through notable work on experiential 

learning theory (ELT) by prior researchers [4–7]. Therefore, in response to various sources reporting 

the value of hands-on experiences [8–11], educators have leveraged experiential learning activities 

where students are challenged to apply theoretical concepts to the design and construction of a 

physical structure.  

In this effort to provide experiential learning, educators have incorporated activities 

involving physical design and construction to apply theoretical concepts to the design and 

construction of a physical structure [1]. However, learning experiences that use real building 

materials and in an actual setting (referred to as authentic activities in this paper) remain 

inaccessible to the majority of students due to the high costs associated with this mode of 

learning [12]. The high costs of conducting these activities have also constrained the research 

output regarding this specific mode of education. Therefore, while there are experiential 

learning opportunities through authentic activities, there has been a need for alternative cost-

effective alternatives to provide similar learning gains.  

In order to avoid excessive costs attached to conducting authentic activities using real 

construction materials (i.e. authentic materials like concrete, lumber), most studies on 

experiential learning are conducted indoors using mock-up materials (e.g., cardboard, plastic 

straws) or virtual models [13–15]. While the mock-up materials afford physical interaction with 

materials during learning, they do not simulate a realistic setting of a construction project. On 

the other hand, while virtual models do not allow for physical interaction with materials, there 

is potential to simulate a realistic virtual environment that mimics a real construction site. These 

accessible modes of education offer promise, but often do not make claims about their learning 

value compared to truly authentic learning (real materials and actual setting) because the cost 

of doing so would be prohibitive. A more thorough understanding of the learning experience 

reported by participants of authentic learning would allow researchers to more directly compare 

reports of learning with these alternate methods to reports from students who participate in the more 

resource- intensive authentic learning modes. This paper aims to identify aspects of authentic 

learning experiences that facilitate learning to inform the importance of the activity’s 

authenticity and consequently to evaluate cost-effective alternatives.  

2. Background  

Active and experiential learning have been studied extensively by educational researchers 

[16–19] and there are several types of active learning that educators can adopt. While there is a 

large body of existing research on active learning, the specific meaning of ‘active’ in this literature 

is obfuscated by various interpretations of active learning among educational researchers [20]. 

Not all interpretations involve the use of real materials in the learning process. As a result, the 

authors of this work cannot automatically leverage all active learning reports in the literature 

based only on a search using similar keywords (i.e., “active”, “experiential”, or “hands-on” 

learning). Therefore, even though experiential and active learning to have been studied 

extensively, the body of literature on authentic learning is much smaller — especially as it relates 

to construction education.  

In the limited existing literature that report learnings specifically from authentic activities, 

a number of learning gains have been attributed to them such as decision- making [21,22], 

collaboration [23–25], critical thinking [21,24] and leadership [25,26]. To enable such learning gains 

through the exploration of cost-effective alternatives there has been some research that suggests 

technologies like virtual models and the use of mock-up materials which significantly reduce the 

resources required to provide the learning expe- rience [13–15,27]. In a comparison between 

using virtual model and mock-up materials, no difference in performance was seen, suggesting 

the potential for virtual versions of a learning activity to replace physical materials, effectively 

reducing the costs of replicating and duplicating the activity and also reducing logistical burden 

by reducing of space and effort requirements [13]. However, there is also evidence that some 

amount of physical manipulation was still important to improve learning among children for 
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basic physics principles [28]. More importantly, while these studies address the role of physical 

inter- action with materials in the learning process, they do not specifically study and isolate 

aspects of the activity that may have impacted the learning gains.  

Due to the limited research outputs from actual authentic activities (i.e., full scale design 

and construction learning to use real materials), the role of authenticity and thereby its specific 

benefits have not been thoroughly explored. Furthermore, among the studies that report on 

activities that use authentic materials, the reports are often contextualized to the goals of the 

particular activity and are not always focused on understanding the learning processes of 

participants relevant to construction education. Therefore, the aspects of authentic activities that 

led to those learning are not known.  

Due to the high value of authentic activities, but low presence of findings related to it, 

educational researchers interested in all types of experiential learning would be supported through 

a better understanding of what aspects of an authentic learning experience facilitate desired learning 

outcomes. In this study, interviewing participants of authentic learning experiences will enable 

researchers to understand what aspects of their experiences are perceived to be instrumental to 

their learning. Also, since using real materials constitutes a significant portion of the cost of an 

authentic activity, the researchers used a deductive approach in specifically inquiring the role of 

physical materials in the learning experience reported by participants. This understanding may 

help to guide future investment in authentic learning and suggest opportunities for exploration 

of inexpensive, but potentially effective, alternative learning environments to broaden access to 

learning. Therefore, this paper addresses the following research question:  • RQ: What are the characteristics of authentic learning activities reported by participating 

students and faculty that facilitate learning outcomes?  • RQ: In what ways do respondents indicate the role of physical materials in supporting their 

learning experiences?  

3. Methodology  

The methodology of this paper involved conducting semi-structured interviews with 

participants of authentic learning experiences. These interviews were intended to provide an in-

depth understanding of specific aspects of the experience that may have led to the learning 

outcomes experienced by the participants.  

3.1. Interview Protocols  

A semi-structured format was used as the interview approach. In this format, every 

participant is asked similar questions, while being careful in wording the question to elicit 

an open-ended response [29]. This open-endedness allows respondents to fully express their 

experience and researchers to get detailed information with probing follow-up questions. In the 

scope of this work, whenever an interviewee mentioned a learning outcome, the interviewer 

would follow-up with a question to determine what about the activity was believed to lead to 

that particular learning outcome. This process added a contextual understanding to the reports 

of the participants which allowed the authors to better understand the characteristics of the activity 

that played a potentially essential role in the learning process. Following are some open-ended 

questions that the researchers used to guide the semi-structured interviews:  • How was your experience participating in the activity?  • How was the activity beneficial to you/your students?  • If any, how did this activity help in developing a specific skill?  • If any, what led to new insights into the construction process?  
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3.2. Selecting Interview Participants  

The participants interviewed for this study consisted of both students and faculty 

members who had previously participated in one or more authentic learning activities. 

Adopting a phenomenological epistemology, both student and faculty members were 

recruited to get a comprehensive representation of the experience of an authentic learning activity 

[30,31]. This enabled the authors to consider not only the student’s perspective of their own 

experience but also that of the faculty who had an outsider’s objective perspective on their students’ 

learning gains. To be selected, the activity had to be an authentic activity, which meant it had to 

involve the use of actual construction materials with which the participants physically interacted 

in real construction project circumstances. For example, if an activity utilized plastic straws as 

building materials, or if it only involved observing a construction site, but not actually building any 

components, it would not be included in this study. The authors identified a sample of participants 

by contacting faculty and students from their home university and participating universities listed 

on hands-on competition websites. This strategy enabled the authors to identify individuals with 

authentic learning experiences within and beyond their own institutions.  

3.3. Data Collection  

This study adopts a constructivist paradigm, allowing for knowledge to be co-constructed 

between the researcher and participants. More specifically, the interviews conducted in this study 

allow for the construction of rich, contextualized data from the participants’ experiences that 

lead to an in-depth exploration of the phenomenon. The interviews aimed to gain insight into the 

beneficial characteristics of authentic learning activities through individual perspectives of 

participants who had first-hand experience with them which is especially valuable in this specific 

area of research where there is limited literature.  

The interviews were conducted either face-to-face or via a video conferencing application 

depending on the convenience of the interviewee. Due to open-ended responses, the duration of 

the interview length depended on the amount of detail the interviewee chose to provide and the 

number of follow-up questions that were asked. Both the student and faculty interviews were 

audio-recorded when conducted in person. In situations where the interview was conducted 

remotely, the video calling session was recorded. In either case, the interview transcripts 

allowed the authors to revisit portions of the interview dialogues, when necessary, to confirm 

previous assumptions or deduce new themes within the participants’ comments during the 

analysis portion of the investigation.  

3.4. Data Analysis  

The transcripts of both student and faculty interviews were analyzed as a single group at a 

semantic level using thematic analysis where the themes, or characteristics of authentic activities in 

this case, were identified within the explicit meanings of the data without any further 

investigation of what a participant said [32]. The data analysis process was similar to other 

interview analysis protocols conducted in previously published engineering education research 

[33,34]. Learning outcomes reported in existing literature on experiential learning in AEC [10,22–

26,35,36] were used as framework to code the transcripts based on established learning 

outcomes expected from this mode of learning. Organizing the findings in this manner helped 

to associate known learning outcomes with the themes that emerged, highlighting potential 

characteristics of the experience that facilitated those outcomes.  

Next, in order to deduce which of the reported learning gains were the result of 

characteristics exclusive to authentic learning activities and which may not have been 

intrinsically linked to the activity, the authors recursively analyzed the coded learning 

outcomes in context of the characteristics that participants stated facilitated those learnings. For 

example, keywords that characterized the nature of the activity, such as ‘teamwork’, 

‘interdisciplinary interaction’ and ‘time constraints’, began to emerge in responses to follow-
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up questions that inquired what about the activity led to particular learning gains. The authors 

then re-explored the collected data from all participants. When participants mentioned a specific 

learning gain, the authors checked to see whether they had also mentioned one of the 

keywords, or a synonymous term, during their description of this learning gain. If they did, the 

learning gain reported was categorized based on this keyword. In this manner associations were 

established, based on participant perceptions, between a certain coded learning outcome and 

characteristics of the authentic activity that may have been critical in facilitating the learning process.  

To further illustrate how this methodology was implemented, an example is provided here. 

The characteristic of ‘working in groups’ (theme) emerged as a characteristic of authentic 

experiences regarded as beneficial in facilitating learning gains such as accountability, leadership, 

and collaboration (codes), which were deduced from transcripts of the conducted interviews (raw 

data). Thus, from the reports of participants of authentic activities, an association was established 

between this characteristic of the experience and the learning gains mentioned in the literature on 

hands-on learning. In instances when learning gains could be associated with multiple emergent 

characteristics, the reported gains were associated with all characteristics mentioned by the 

respondents to avoid incorrectly assuming one characteristic over another during analysis. 

Ultimately, this approach allowed the authors to make sense of their unstructured findings to inform 

broader conclusions about the perceptions reported by student and faculty authentic learning 

participants.  

4. Results  

In total, twelve individuals were interviewed, including seven faculty members and five 

students. Figure 1 illustrates the variety of authentic learning activities in which the interviewees 

participated. Of these, four were unrelated to students’ coursework and were extracurricular 

events facilitated by organizations like the American concrete institute (ACI), the American 

society of civil engineers (ASCE) and the Department of energy (DOE). The fifth category 

included authentic learning activities that were conducted as part of coursework outside the 

classroom and involved hands-on learning similar to the extracurricular activities explored. The 

following are short descriptions for each activity:  • Solar Decathlon: Competition to design and build high-performance, low-carbon buildings  • The Tiny House Competition: Competition to design and build tiny homes  • ASCE competitions: Competitions organized by ASCE to provide hands-on experience  • ACI’s operation Ramp-Up: Event to support veterans by building or renovating concrete  • ramps Coursework: Hand-on design experience included in architecture and construction 

coursework  

Among the interviewees, the faculty members had been involved in authentic experiences at 

least two times in their teaching careers. All the students interviewed were either 

upperclassmen or graduate students. All experiences involved real construction materials and 

physical interaction with the materials by the participating students. 
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Figure 1. Distribution of Interview Participants. 

4.1. Instrumental characteristics of authentic experiences  

After the interviewees indicated which aspects of learning they believed were enhanced 

through the authentic experience, they were also asked what they perceived to be the cause(s) of the 

learnings they reported. This enabled the authors to discover specific characteristics of the 

authentic learning experience that were believed to be associated with the learning gains. More 

specifically, these identified characteristics of the authentic experience that emerged through the 

transcripts helped to illustrate which of the reported learning outcomes were perceived to be 

linked to various aspects of the activity by participants. These characteristics and learnings 

associated with them are shown in Table 1. In order to present the results in a usable manner 

for future researchers interested in replicating specific aspects of an authentic learning experience, 

the findings are organized according to the characteristics that emerged during interviews, which 

are briefly discussed in the following sections: 

Table 1. Characteristics and associated learning outcomes. 

Excerpts from transcripts 

(Raw data) 

Learning 

Outcomes 

(Initial codes) 

Characteristics 

(Themes) 

Process of building formwork 

Constructing wooden bench 

Determining alternate construction activities when delays 

occur 

Cane clearance recognition for blind user 

Problem solving 

Construction 

Sequencing 

Decision making 

Empathy for user 

Engagement in 

construction 

processes 

"You are forced to work as one to succeed” 

“The over committed motivate the under committed” 

“Nobody wants to fail and come on the radar” 

Students form roles within groups to reach a goal 

Collaboration 

Motivation 

Accountability 

Leadership 

Working in groups 

Construction and Architecture students roleplaying project 

relationships 

Students must communicate with professionals from other 

industries for material delivery, design reviews, and 

constructability feedback 

Collaboration 

 

Motivation 

Interdisciplinary 

negotiation 

Interdisciplinary 

participants 

“Concrete finishing is an art that you need to feel Material behavior Use of real 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 15 August 2023                   doi:10.20944/preprints202308.1034.v1

https://doi.org/10.20944/preprints202308.1034.v1


 7 

 

Assembling premade elements of wooden bench when 

joint connections had to be made 

Construction 

sequencing 

construction 

materials 

"When time has consequences, students are urged to think clearly 

and solve problems” 

Critical thinking 

Decision making 

Time 

Constraint 

4.1.1. Engagement in construction processes  

This characteristic meant that participants had the opportunity to participate, visualize and 

contribute to a construction process as an active member. This aspect of authentic experiences 

was recognized as a pattern when interviewees referred to a particular process, such as finishing 

concrete, building formwork, or other construction-related processes. As an example, during an 

interview, a student participant reported ‘problem solving’ as a learning outcome and referred 

to discovering then when they experienced how many complexities go into putting formwork 

together. The participant emphasized how they had not realized the level of difficulty until actually 

building formwork during their authentic experience through American Concrete Institute’s 

ramp-up event.  

4.1.2. Working in groups  

The aspect of working in groups was common to all authentic experiences in which students 

had to work with team members to achieve a common goal. Participants usually referred to this 

characteristic by mentioning how challenging working in a group was, but added that it was 

instrumental in the development of certain skills. Referring to this challenge a faculty member 

said, “You are forced to work as one to succeed and nobody wants to fail and come on the radar”. 

It was also recognized by faculty interviewees how working in groups is a major part of what 

construction professionals must do in their careers. The same types of experiences related to 

working with individuals with different backgrounds that were observed in the academic 

environment are also likely to be present throughout students’ construction careers.  

4.1.3. Exposure to interdisciplinary participants  

This characteristic emerged as interviewees discussed the impact of working with 

individuals with different areas of expertise on the same project. An example of this in the Solar 

Decathlon was student groups composed of architecture students, civil engineering students, 

and construction management students. A faculty interviewee stated that construction and 

architecture students working together is beneficial because this role-playing gives them a better 

understanding of the dynamic that exists on real projects between different stakeholders. In 

some activities, this exposure came in the form of interacting with real professionals from other 

disciplines where students needed to coordinate with real vendors to complete the activity. A 

faculty interviewee emphasized the importance of this exposure as students might otherwise 

rarely encounter professionals from other disciplines, since faculty members and their students 

tend to be from the same discipline.  

This opportunity to interact with interdisciplinary students and professionals is a unique 

opportunity to gain understanding of the various working relationships on a construction project.  

4.1.4. Use of real construction materials  

This characteristic highlights the specific benefits reported from the use of real construction 

materials. Some interviewees considered it impossible to understand the way certain materials 

behave under varying conditions without actually interacting with those materials. As an example, 

an interviewee mentioned how concrete changes its properties during the finishing process and 

insisted this is difficult to appreciate without physically working with concrete. One faculty 

participant stated, “Concrete finishing is an art that you need to feel to understand.” Another faculty 

member encouraged the use of real materials in learning experiences, arguing this helped students 

understand the functions of building elements better.  
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4.1.5. Time constraint  

The time constraint characteristic meant the goal that student groups were working toward 

had a time limit for completion. A faculty interviewee expressed how the time constraint was 

crucial for putting students in situations where successful groups were forced into thinking 

critically and making decisions. This faculty member also noted this was a good simulation of 

real-world projects as there are real consequences to missing deadlines, which are not always 

present in classroom activities.  

5. Discussion  

The characteristics listed in Table 1 provide context to the learning process that occurs during 

authentic construction experiences and give insight into aspects of the experiences that the 

participating members report as important in facilitating the learning outcomes. These 

characteristics in turn enable future researchers to identify the ways in which cost-effective 

alternatives may provide similar learning experiences to authentic learning activities.  

Among the characteristics of authentic activities that emerged, it should be noted that only a 

few of the responses from the participants explicitly linked the interaction with real 

construction materials with coded learning gains. More interestingly, none of the responses 

specifically attributed their learning experience specifically to the authenticity of the environment. 

The authors had expected that more responses would directly reference learning from interaction 

real materials, especially when considering the costs required to provide this rare experience to 

students. To be clear, the authors do not suggest that this evidence means that interaction with 

physical materials is not important. Instead, the findings suggest an opportunity for additional 

exploration into more cost-effective alternatives to support many of the learning gains with fewer 

resources. For example, future researchers may continue using mock-up materials, but with the 

aim of targeting specific characteristics from this work that were not explicitly linked to 

interactions with materials. Similarly, for situations where students need to learn how project-

wide decision-making impacts specific construction processes, but firsthand experience in (for 

example) carpentry tasks may go beyond what would be expected of management students, 

educational researchers may explore simulations to in a virtual environment to convey the 

relationships between specific work tasks and broader decision-making. While the findings from 

this paper cannot directly make claims about the extent to which approximations of authentic 

learning can offer value, the findings can guide what forms of educational value are targeted by 

future research.  

In addition to guiding future studies on more affordable forms of experiential learning, the 

findings also highlight some learning gains for which physical interaction is perceived to be 

required, which may provide evidence to justify investment in authentic experiences for certain 

situations. Learning outcomes that were attributed to the use of real materials immediately emerge 

as an instance that might be difficult to replicate without real materials. Interviewees indicated that 

interactions with materials facilitated understanding of material behavior and construction 

sequencing. This seems logical as physical interaction with the material, quite literally, requires 

students to observe or otherwise experience material properties as they build. This understanding 

of the specific benefits reported from authentic learning can help educators prioritize their 

investments in authentic learning in contexts that have direct evidence of value for learning.  

The characteristics of authentic learning defined in this work suggest opportunities for 

future research to strategically explore both authentic learning and also inexpensive 

approximations to replicate experiences reported from participants. However, this does not 

mean that educators should assume that the success of mock-up materials, simulations, or other 

inexpensive alternatives suggests the ability to fully replace authentic learning. Potential 

synergies between the characteristics reported may not be present when targeted in isolation, which 

may impact the value they provide to students. For example, prior research has reported many 

of the learning gains observed in this work through less-expensive means: [37] reported 

increased motivation; and [38] and [39] reported improved collaboration through virtual 
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environments. However, it is possible that the isolated nature of their implementation had an 

impact on the reported learning gains, whereas authentic experiences facilitate learning gains 

in aggregate during a single experience. It is possible that the effort employed by students in 

authentic experiences to (for example) work with others from different disciplines is greater 

because ramifications associated with poor interoperability will be more impactful in the eventual 

real construction process than in processes that are only approximated with mock-up materials. 

Therefore, in addition to targeting aspects of authentic learning with more accessible modes of 

education, future researchers should explore the ways in which cost-effective learning 

alternatives may support aspects of authentic learning in aggregate in order to better 

understand the opportunities, but also limitations, associated with replicating authentic 

learning in cost-effective environments.  

5.1. Potential for cost-effective learning through virtual environments  

In response to the need to provide realistic learning environments, like those enabled by 

authentic activities, educational researchers have been exploring the use of immersive virtual 

environments to replicate these types of experiences cost-effectively. While immersive technologies 

like Augmented (AR) and virtual reality (VR) require upfront resources to develop the virtual 

experience aimed at specific types of learning, they may be scaled more effectively as they do 

not require new physical materials for all students. Instead, a single AR/VR device may be reused 

by multiple students and once developed, the virtual experience can be deployed on multiple 

devices at the same time. At this scale, a major saving over truly authentic learning may be 

possible.  

Virtual experiences through AR/VR have already been proven to be effective in other 

industries by improving psychomotor skills [40–42] and within construction education contexts 

[43] to support students’ abilities to generate and effectively communicate constructability 

review feedback before construction [44–46] and to monitor and identify hazardous conditions 

on a construction site [47–49]. These prior studies highlight the potential and ongoing exploration 

in using immersive environments for various aspects of the education process, however, these do 

not generally aim to compare their findings to more resource-intensive hands-on learning 

environments.  

As this potential relates to this paper, while immersive technologies like virtual reality and 

augmented reality do not provide physical interaction like mock-up materials, they do afford 

simulating authentic activities in a realistic environment with significantly fewer resources due 

to the substitution of real materials with virtual objects. Especially for aspects of authentic learning 

that were not reported to require interaction with materials, such technologies would allow 

students to participate in an experience set in a realistic setting to simulate the authentic activity. 

Furthermore, due to the elimination of needing real materials and consequently the space 

required to accommodate an authentic activity, such simulations could also be integrated with 

classroom activities as opposed to authentic activities which are mostly available via extra-

curricular events. While empirical evidence of learning outcomes through such simulations is 

needed, future researchers can include other characteristics identified in this paper in their 

virtual environments to test their efficacy in supporting the learning gains that were reported 

through authentic activities. 

5.2. Limitations  

Interview transcripts for both student and faculty were analyzed together as a single group in 

this study. However, there might be differences or new themes that might emerge specifically for 

each of these groups that were not discovered in this paper. Within the student groups, no 

distinction was made between graduate and undergraduate students to understand the effect of 

education level on the participant’s experiences. While the results of this study extract from a 

comprehensive report from all participants, future researchers may add richness to these findings 
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by identifying the differences between these groups to inform development and facilitation of cost-

effective alternatives for authentic activities in the classroom.  

6. Conclusion  

This work presents the results of interviews with students and faculty who participated in 

authentic construction learning experiences. The findings are organized into characteristics that 

emerged as possible mechanisms behind the learning process. The interviewees did not directly 

suggest a relationship with the use of physical construction materials with most of the learning 

outcomes attributed to such activities. This is noteworthy because it is this characteristic of 

authentic activities that make them unique and expensive to conduct as compared to other 

modes of education. However, in some cases, the participants specifically highlighted the 

learning gains that were the result of interactions with real materials. These findings will help to 

inform how future research is conducted to strategically target similar types of learning with 

potentially fewer resources. 

The contribution of this paper is in defining the specific characteristics of the authentic learning 

experience that participants reported to be valuable in the learning process and associated with 

specific learning outcomes. This understanding of the authentic learning experience and its 

beneficial characteristics will guide investment in learning activities and help target cost-effective 

alternatives to replicate similar learning outcomes. The potential for cost-effective pedagogical tools 

proposed in this article will also enable future researchers to empirically evaluate their efficacy for 

aspects of the learning process that did not immediately seem to require the use and interaction with 

authentic materials. The iterative nature of such exploratory analysis followed by confirmatory 

analysis by future research in this domain will allow educators to systematically design experiences 

that enable more students to participate in effective learning environments that prepare them with 

the skills necessary to succeed in their post-collegiate careers. 

Data Availability Statement: The data presented in this study are available on request from the 

corresponding author. The data are not publicly available since it is proprietary or confidential in 

nature and may only be provided with restrictions - Aggregated and anonymized interview 

responses.  
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