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Abstract 

Virtual, online, and digital learning tools can be used to provide equity in access to STEM 

knowledge. These tools also serve as the building blocks for personalized learning platforms. The 

assessment instrument, Student Perceived Value of an Engineering Laboratory (SPVEL) was 

developed to ascertain the impact and efficacy of virtual and in-person engineering laboratories in 

21st-century undergraduate curriculum. SPVEL addresses an emerging need for assessing 

engineering labs that take place in a myriad of environments in higher education, i.e., in-person, 

virtual, and hybrid. Due to the vast array of technological advancements over the last decade, 

SPVEL addresses the need to holistically examine instructional content, instructor communication, 

and student perceptions of value and motivation to learn from in-person and virtual lab 

environments. For this work, the SPVEL was used to evaluate student perceptions of a LabVIEW 

laboratory to understand student motivation, experiences, and performance (grades).  

Theoretical Frameworks 

SPVEL is premised on three theoretical frameworks: the Technology Acceptance Model, Astin’s 

Input-Environment-Output (IEO) Conceptual Model, and Engineering Role Identity. SPVEL is 

unique because it extends beyond traditional course evaluation instruments that focus on instructor 

preparedness and ability to teach course content. Instead, the SPVEL connects students’ 1) 

appreciation for laboratory discipline content and relevance to their career aspirations, 2) 

engineering role identity development as a function of participation within the lab, and student 

sociocultural identities (race, ethnicity, and gender).  

Research Question 

SPVEL was used to answer two research questions. How do student’s sociocultural identity 

characteristics relate to their perceptions of value in a virtual engineering lab? How are students’ 

perceptions of virtual lab value related to the sociocultural identities and lab report grades? 

Research Methodology and Environment 

This study was conducted in a capstone senior Mechanical and Aerospace engineering laboratory 

course within a virtual learning (VL) setting at a university in the northeastern United States with 

227 undergraduate engineering participants. A quantitative analysis of variance (ANOVA) was 

performed on the dependent list of the twenty-six items of the SPVEL, where the factors 

considered were race/ethnicity and gender.  

Findings 

Statistically significant differences (p < 0.05) were found in student’s perception of several 

variables, including the VL's ability to replace physical labs, student’s friends seeing them as an 

engineer, student self-identification as an engineer, VLs being good learning tools, and prior 

experience of high school VLs. From the post hoc tests performed using the Games-Howell 

procedure, it was revealed that LatinX/Hispanic American students strongly believed that VLs 

could replace in-person labs and that African American students found VLs to be good learning 

tools and indicated engineering as an essential part of their self-image to higher degrees than other 

race/ethnicity student populations. 

Implications for Practice 

Studies such as these are critical in elucidating how laboratory environments affirm (or do not 

affirm) students’ positionality in engineering. Furthermore, this work helps educators as they 

contemplate evidence-based practices for updating and modernizing laboratory equipment, 

protocols, and subject matter in innovative, novel ways. Lastly, this study works to build student-



 

 

centered personalized learning approaches that are needed to customize learning for each student's 

strengths, needs, skills, and interests.  

 

1. Introduction 

1.1. What are virtual laboratories? 

Online learning modules and virtual laboratory (VL) platforms have been designed, developed, 

and studied as tools in many classrooms for several decades to enhance student engagement and 

academic performance in K-12, undergraduate (UG) and graduate (GR) populations. Over the last 

several decades the study and use of virtual lab technologies has increased in use and interest. 

Virtual laboratories (VLs) use media formats to replicate physical activities, equipment, tools, 

tests, procedures, and interactions that occur within a physical laboratory environment so that the 

learner/user can perform or observe experiments without being in the physical lab environment. 

VLs are typically classified in two ways. One classification of VL is a computer simulation of a 

real laboratory experiment that is accessed online. The second type of VL engages the user by 

providing remote access, control, operation, and/or observation of physical laboratory operation. 

The latter form of VL may also allow the user to observe real equipment, computers, and data 

capture through the internet. The ways in which these virtual and remote learning environments 

and tools are used varies and they have been extensively studied in primary, middle, high school, 

and secondary educational environments.  

There has been a great deal of research on VLs in science, technology, engineering, and 

mathematics (STEM) disciplines in UG classrooms, e.g., in biology [1, 2], chemistry [3, 4], 

physics [5], computer science [4, 6], general engineering [7, 8], software and electrical engineering 

[6, 9-21], mechanical engineering (ME) [22-30], chemical engineering [31, 32], computer aided 

design [33], power engineering [34, 35], biomedical [36, 37] engineering, and aerospace 

engineering [38]. In physical sciences and engineering research in higher education, the study of 

virtual labs (VL) has generally focused on case studies about their implementation into classrooms 

or the engineering design process and design of virtual lab software and hardware. For example, 

VLs have been used to supplement traditional course materials in large-scale lecture classes or 

distance learning courses, to enhance lecture demonstrations, to prepare students for in-person 

action-oriented labs prior to engaging in the physical lab, to replace in-person labs, and to assess 

the performance of a student’s ability to operate equipment and apply theoretical knowledge in 

performing practical tasks, e.g., [1, 37, 39, 40]. VLs have also been used to visualize complex 

physical phenomena, such as thermodynamic cycles and energy conversion systems, to optimize 

design efficiency and output [41]. Due to the variability in how these VLs have been used and 

studied, a myriad of methods has been used to evaluate their effectiveness, e.g., student outcomes 

(skills required for the Accreditation Board for Engineering and Technology), assessment of 

educational value as a function students’ perceived motivation to learn, and students’ acceptance 

of new technologies (ease of use and usefulness, i.e., the Technology Acceptance Model). 

Many scholars contend that virtual, online, and digital educational laboratories can provide 

equity in access to STEM knowledge [42-45] due to their cost-effectiveness; replicability of 

experimental results and outcomes from operations; safety; enhanced visualization; potential for 

integration of technology, flexibility in VL design, and relative ease of instructor online 

dissemination to students [46-48], while others caution that use of these tools in educational 

environments could exacerbate online and educational penalties without careful consideration of 

the needs, strengths, weaknesses of students, and in particular, vulnerable student populations [45, 



 

 

49]. An online penalty refers to disadvantages faced by certain groups of students that arise due to 

limited access to or ineffective use/experience with technology and online resources [49, 50]. 

Online penalties have been found to be minimal for high-achieving, affluent learners, learners with 

prior internships, and access to reliable internet and computer technologies. On the other hand, 

online penalties are enhanced and exacerbated for learners with less reliable internet from rural and/ 

or low socioeconomic communities; students with lower prior successful academic achievement; 

younger; and marginalized racial/ethnic groups in STEM. In the wake of the COVID pandemic, the 

elements contributing to online penalties have been studied by researchers to identify, 

access/evaluate, and alleviate these obstacles. For example, many states are partnering with school 

districts to provide free and low-cost internet options [51], some companies are also offering 

internet and hotspot services based on economic need to students, school administrators, and 

educators [52] and many libraries and state wi-fi locations offer free internet access [53-55]. Other 

researchers have identified that inclusivity in digital learning and VLs, will require the provision of 

special education and 504 services/features (subtitles, screen reader friendly, large fonts, 

audiovisual tools, etc.), culturally responsive and sustainable software/platforms/tools designs, and 

methods of VL assessment to understand how these tools meet or do not meet the needs of unique 

and diverse populations of students. Finally, many scholars contend that VLs and digital learning 

communities offer several benefits to diverse student learning communities, e.g. flexible learning 

(synchronous and asynchronous learning), expansion of learning opportunities (risk-free 

experimentation with dangerous or expensive materials, where students can be provided access to 

environments where they would otherwise be restricted), enhanced engagement and motivation 

through adaptive learning and inclusive learning environments. Thus, VLs could theoretically 

provide a pathway towards personalized learning, which is one of the 14 Grand Challenges for 

Engineering identified by the National Academy of Engineering [56]. Virtual, online, and digital 

learning tools can be used to provide equity in access to STEM knowledge, where these tools can 

serve as the building blocks for personalized learning platforms. 

1.1. What is personalized learning? 

The concept of personalized learning is not credited to any specific scientist, engineer, or 

scholar however, it has evolved over time with contributions from many educators, researchers, 

and educational theorists, such as Bloom [57], Dewey [58], Skinner [59], Montessori [60], and 

Pane et al. [61]. Personalized learning is an educational approach that centers on tailoring 

instructional methods, content, and pace of learning to meet individual needs, preferences, 

interests, and abilities (strengths, weaknesses, motivation). In this way, personalized learning 

approaches and tools seek to provide customizable, flexible, and adaptable learning environments 

for students. For example, Bloom and others [57, 62] investigated the effectiveness of one-on-one 

tutoring compared to traditional classroom instruction environments, and found that one-on-one 

tutoring enhanced the efficacy of the teacher and learner relationships, where teachers were able 

to customize content and pedagogical manner according to the students strengths and needs, and 

could better assist students with negotiating issues of student dependency for learning and self-

sufficiency. Bloom also found that inequity in classroom dynamics where teachers designed 

curriculum and engaged primarily with top achieving students could be alleviated with one-on-

one tutoring. Others such as Dewey, emphasized the importance of student centered learning 

experiences that could be tailored to student interests and needs [58], which were evidenced via 

student inquiry and active participation. Montessori’s trailblazing work [60] revolutionized 

educational environments, where her method focused on individual development and self-directed 

learning, and emphasized freedom of movement and choice, which many scholars today believe 



 

 

is potentially beneficial for neurodivergent students who may struggle with traditional rigid 

classroom structures [63-65].  

The aforementioned techniques and recommendations that contribute to personalized learning 

theory continue to be readily employed today where a conventional personalized learning models 

vary [66]. However, personalized learning models that focus on student, teacher, and learning 

environments and interactions that do not incorporate computer software and algorithms typically 

consider five elements: learner profiles, personal learning paths, individual mastery (competency-

based progression), student agency, and flexible learning environments [61, 67, 68]. Learner 

profiles include personal student data such as individual skills, strengths, weaknesses, gaps, 

interests, and aspirations. Personal learning paths are defined as the unique learning pathways of 

students that can be aligned with and informed by learner profile information. Individual Mastery 

(competency-based progression) includes the continuous assessment of student’s progress in 

content mastery according to clearly articulated standards and goals, where advancement occurs 

at the pace of the student. Flexible learning environments require instructors to consider and 

include multiple options and approaches in their delivery of course materials to support students’ 

learning. Finally, the Student Agency component of personalized learning emphasizes student 

engagement in the design and involvement in their learning process.  

The vision of the NAE’s Grand Engineering Challenge of personalized learning extends 

beyond these elements, where the incorporation of advanced technology, artificial intelligence, 

and automation/simulation will facilitate seamless student assessment and real-time feedback for 

knowledge acquisition [56]. This enhanced interpretation of personalized learning includes the 

former elements in addition to technology integration that may include adaptive software, online 

resources, and interactive platforms. Since learning is shaped by personal experiences, cognitive 

awareness/engagement, cultural background, and environment [69], 21st century personalized 

learning models’ building blocks should consider the perceptions of diverse student populations. 

In this way, this project’s analysis of student’s experiences, perceptions of value, and engagement 

with learning technologies when participating in a virtual engineering laboratory is examined using 

a validated engineering assessment instrument, Students’ Perceived Value of Engineering 

Laboratories (SPVEL) to understand how different student profile metrics can be used to inform 

personalized learning models of the future.   

2. Theoretical Frameworks in the Development the Student Perceived Value of an 

Engineering Laboratory (SPVEL) 

2.1. What is the SPVEL and how is it useful? 

The assessment instrument, Student Perceived Value of an Engineering Laboratory 

(SPVEL)[48, 70] was developed to understand the impact and efficacy of virtual engineering 

laboratories within a 21st-century undergraduate curriculum. This assessment instrument was 

developed due the need for a validated assessment instrument that allows for the comparison of 

virtual and in-person laboratory settings. Thus, the SPVEL addresses an emerging need for 

assessing engineering labs that take place in a myriad of environments in higher education, i.e., in-

person, virtual, and hybrid. It also holistically allows an instructor or VL designer to examine how 

students experience discipline specific content, instructor communication, and assess how students 

perceive the laboratory learning experience to have (or not have) value in terms of their personal 

learning path and career development pursuits. The SPVEL is informed by three theoretical 

frameworks, i.e., the Technology Acceptance Model (TAM), Inputs- Environment-Outcome (IEO) 



 

 

Conceptual Model, and Engineering Role Identity (ERI). SPVEL is unique because it extends 

beyond traditional course evaluation instruments that focus on instructor preparedness and ability 

to teach course content. Instead, the SPVEL connects students’ 1) appreciation for laboratory 

discipline content and relevance to their career aspirations, 2) engineering role identity 

development as a function of participation within the lab, and student sociocultural identities (race, 

ethnicity, and gender). It is hypothesized that this assessment instrument can be used in 

understanding how students’ Learner Profiles may relate to their Personal Learning Paths and 

Student Agency, which will be valuable in establishing PL models that are strength-based and 

affirming of students’ engineering role identities [71].   

2.2. Theoretical Frameworks that inform SPVEL 

The SPVEL is informed by the three theoretical frameworks, e.g., the Technology Acceptance 

Model, Inputs-Environment-Outcome Conceptual Model, and the Engineering Role Identity. The 

Technology Acceptance Model (TAM), developed by Davis [72, 73], posits that peoples’ adoption 

of information technological systems is connected to and a function of users’ perceived usefulness 

and the perceived ease of use of the technological system. Thus, the TAM asserts that people will 

use or not use an application/tool to the degree they believe it will help them do their jobs better 

[72], and if people believe the effort to use the tool is too high or consider its benefits to be less than 

the effort of use, they will abandon the use of the technology. Several studies have used the TAM 

to explore students’ decisions to use VLs [74-76]. Most researchers assert that the TAM is most 

effective when other variables are considered. The TAM has been expanded to better define 

usefulness where, it has been found that undergraduate engineering students associate more value, 

i.e., usefulness from educational technologies that allow them to connect their real-world 

experiences and theoretical knowledge to their perceptions of the real world engineering profession 

[77-79]. For this study, elements from this model will be used to understand how students value or 

do not the virtual lab as an educational tool (course content, delivery mode, instructional 

environment) and mechanism for communication with the course instructor. 

Astin’s Inputs-Environment-Outcome (IEO) conceptual framework [80] examines how inputs 

(characteristics and attributes (Learner Profile), i.e., prior experiences, socioeconomic background, 

race, gender, etc.) and the learning environment (formal and informal elements of the institution, 

i.e., curriculum, teaching pedagogical approaches, extracurricular activities, and prior learning 

experiences such as internships, and interactions with peers and faculty) influence student 

outcomes. Outcomes are defined as the changes that occur in the student because of their 

educational experiences, such as learning and developmental outcomes. The majority of the 

literature that uses the IEO conceptual model has focused on the examination of student success as 

a function of input variables such as learning disabilities [81, 82], amount and quality of time of 

involvement [80], perceived academic ability and drive to achieve [83], in UG and postsecondary 

level students.  The IEO model has also been used to investigate the role of gender and race in the 

prediction of gender-role traditionalism [84], feminist identity and program characteristic roles in 

social advocacy [85] and differences in transition of black and white students from high school 

(HS) to college [86].  For this project, the IEO examines inputs such as prior coursework, internship, 

and virtual laboratory experiences and sociocultural identities, e.g., race/ethnicity, gender, student 

output grades; and environmental factors such as the virtual lab environment, materials, and 

communication with the instructor.  

Engineering role identity (ERI) describes how students form their identities in the engineering 

role based on their experiences working in a community of practice and in the college environment. 



 

 

Godwin et al. [87, 88] defined engineering role identity as how students describe themselves and 

are positioned by others into the role of an engineer. ERI is premised on three components, i.e., 

the dialogic nature of student’s development of identity [89]; students’ interest in the subject and 

beliefs about their competence relating to the subject [90, 91], and students’ ability to comprehend 

concepts and connect new knowledge to prior information [92, 93]. These three elements within 

the ERI influence students’ motivation to persist in and learn about an engineering subject. 

Many studies have shown engineering identity as a predictor of students' educational and 

professional persistence. Thus, this theoretical framework’s inclusion allows the SPVEL to relate 

student learning profiles, formal and informal learning to their development and formation into 

engineers. For example, it was found that there are significant gender differences in how first-year 

students identify with engineering and becoming an engineer, where fewer women were exposed 

to the engineering field through applied or building experiences (0% women to 26% men); 

interactions with relatives who were engineers (20% women to 26% men) and STEM activities 

(10% women to 26% men) [94]. Thus, inclusion of the ERI in the SPVEL highlights how aspects 

of a VL learning tool could drive/motivate the engineering formation process and provide fruitful 

information that can be used to understand how to personalize and provide meaningful choices for 

young people’s development into engineers. 

3. Research questions 

The SPVEL was used to answer two research questions. How do student’s sociocultural 

identity characteristics relate to their perceptions of value in a virtual engineering lab? How are 

students’ perceptions of virtual lab value related to the sociocultural identities and lab report 

grades? 

4. Research Method and Environment  

4.1. Data Collection Protocol 

A Quantitative Research Design Method [95] was proposed and approved by the primary 

Institutional Review Board (IRB) of the authors. The study took place at a Research-1 [96], 

research-intensive institution in the Northeastern region of the United States. Two hundred and 

twenty-seven undergraduate Mechanical and Aerospace engineering students participated in this 

study where a LabView laboratory was conducted virtually. Students completed a pre-lab survey 

to capture aspects of their prior perceptions to virtual laboratories (VLs) and sociocultural 

characteristics such as race/ethnicity and gender. Students completed the post-lab survey after 

submitting their laboratory report that was submitted two weeks after the completion of the lab.  

 Due to the large number of students enrolled in the course, students were divided into multiple 

sections and were rotated in different sections of the LabView lab. Students participated in one 

introductory laboratory lecture that discussed course objectives, design, and expectations prior to 

participation in the LabView Lab. The pre-lab survey (SPVEL) questionnaire with the questions 

detailed in Table 1. After finishing the pre-lab questionnaire, students downloaded and observed a 

pre-recorded video lecture that described the theoretical concepts covered in each lab. These 

recorded lectures were created by instructors who taught the theory associated in the lab in the 

technical courses. These technical lab course content lectures reviewed concepts that are pre-

requisites to the senior educational engineering lab. Students were also provided equipment 

manuals and laboratory guides for each lab prior to beginning the lab.  



 

 

 In the virtual laboratories, students observed the teaching assistant (TA) conduct the lab 

synchronously via multiple video feeds while logged on to a video conference platform. A 

schematic of the virtual lab set up is provided in Figure 1. As depicted in Figure 1, several cameras 

focused on specific aspects of the equipment where inputs were provided, and where data was 

captured as output. Students observed the operation of the equipment synchronously as the TA 

directed the lab procedures. In some cases, TA’s asked students to indicate the steps in the procedure 

and/or express parameters for operation. Students were given two weeks to submit a laboratory 

report after participating in the lab. Students were prompted to complete a post-lab survey (SPVEL) 

after each lab with the questions detailed in Table 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

Figure 1. Illustration of the virtual laboratory experimental 

setup for the study [48]. 



 

 

 

Table 1. Pre-lab questions from the SPVEL administered before participation in the virtual laboratory, 
where the responses are provided in terms of a Likert Scale of where 1 is Strongly Disagree, 3 is 
Neither Disagree nor Agree, 5 is Strongly Agree 

Item Category of Question and Responses Theoretical Model 

Prior virtual lab experiences - demographic information. Possible student choices: 0 Classes (0), 1 – 2 
Classes (1), 3 or more classes (2) 

Q1 Have you ever engaged in a virtual lab in high school? 
IEO 

Model 
Q2 Have you every engaged in a virtual lab in college? 

Q3 How many in-person lab courses have you had since you started 
college?  

Prior internship and undergraduate research experience. Possible choices: None (0), 1 – 2 
experiences (1), and 3+ experiences (2) 

Q4 Engineering internship  IEO 
Model Q5 Engineering research with engineering school 

Prior experience - lab preparation classes other than MAE 14-650-431 (this course). Possible choices: 
0 – 1 hour (1), 2 – 3 hours (2), 4 – 5 hours (3), 6 or more hours (4), N/A (5) 

Q6 How many hours have you spent in the past preparing for hands-on labs. 
IEO 

Model Q7 
How many hours have you spent writing lab reports (outside of class 
period) in college in the past (hands-on labs)?  

Perceptions of virtual labs (VLs) – Likert Scale of 1 to 5. Possible choices: Strongly Agree (5), 
Somewhat Agree (4), Neither Agree nor Disagree (3), Somewhat Disagree (2), Strongly Disagree (1)  

Q8 I think VLs can be good learning tools. 

IEO 

Q9 I think virtual labs can replace hands-on-labs. 

Q10 I think virtual labs are easier to do than hands-on-labs. 

Q11 I can learn as much virtual lab as I can from a hands-on-lab. 

Q12 The skills from VLs will be useful to me in my future career. 

Self-Identification with the Engineering Profession- Likert Scale of 1 to 5. Possible choices: Strongly 
Agree (5), Somewhat Agree (4), Neither Agree nor Disagree (3), Somewhat Disagree (2), Strongly 
Disagree (1) 

Q13 I can understand concepts that I have studied in engineering. 
Engineering Role 

Identity 
Q14 Being an engineer is an important part of my self-image. 

Q15 My friends see me as an engineer. 



 

 

 

4.2. Quantitative Data Analysis 

In this research study, data analysis was quantitative where the goal was to investigate the 

factors influencing technology acceptance of virtual labs among undergraduate engineering 

students, considering their sociocultural characteristics, prior experiences, and identification with 

the engineering field. This approach was informed by three theoretical frameworks of the 

Technology Acceptance Model (TAM), Input-Environment-Outputs (IEO) Conceptual Model, 

and Engineering Role Identity that were used in the development and validation of the SPVEL 

assessment instrument. The survey instrument was designed to capture respondents' perceptions 

of technology usefulness and ease of use (TAM constructs), environmental inputs impacting 

technology adoption, and their engineering role identity. Descriptive statistics, including means 

and standard deviations, were computed to provide a comprehensive overview of the survey 

responses.  

In addition to determining the descriptive statistics, a test for normality was performed to 

determine whether parametric or non-parametric statistical analysis approaches could be used. The 

normality tests were performed on the collected Likert scale data from the SPVEL instrument 

considering the 26 variables validated from the questions from the SPVEL. For this analysis, a 

Shapiro-Wilk test for normality was performed and the significance, p-value was computed.  

Leven’s Test of Equality of Variances was also computed to ascertain the homogeneity of 

variance between the groups [97]. The null hypothesis for this test was that the sample sizes of the 

Table 2: post-lab questions administered to students after they completed the virtual lab and 
submitted the final laboratory report from the SPVEL, N=227. Likert Scale of 1 to 5 where 1 
is Strongly Disagree, 3 is Neither Disagree nor Agree, 5 is Strongly Agree   

Item Category of Question and Responses 
Theoretical 

Model 
Student Perceptions of VL Experience.   

Q16 The VL was easy to understand. 

TAM +  

Q17 I could follow the steps in the lab. 
Q18 The lab held my attention for the full duration of the time. 
Q19 I was able to communicate with the TAs during the lab. 
Q20 Class ran smoothly with no technical glitches. 
Q21 This lab adequately prepared me to write my final report. 
Q22 TAs effectively answered questions during the lab. 

LabView virtual laboratory (VL) and in-person interactions and visual experiences.  
Q23 The operations performed in the lab were easy to follow. 

TAM +  

Q24 It was hard for me to see relevant steps/processes taking place in the lab.  
Q25 I was able to ask questions in the virtual chat. 
Q26 I was able to ask the TA questions orally during the lab. 

Q27 
I think I learned as much from this VL as I would have learned in a hands-
on lab. 

VL Connection with MAE prior coursework  
Q28 This VL helped me to understand concepts from my previous courses. 

IEO 
Model + 

Q29 This VL affirmed concepts from my previous classes. 

Q30 
This VL helped me make the connections between previous course 
concepts. 

Q31 
The VL motivated me to want to seek more knowledge about this subject 
outside of class. 

Q32 
I was able to interpret the data from the lab using only resources provided 
in the class. 

Usefulness of the virtual lab for future career  
Q33 I do not think that the real life of an engineer was reflected in this VL. 

TAM + Q34 The virtual Lab was a good learning experience. 
Q35 I think the skills I learned in this lab will be useful in my future career. 



 

 

groups studied would have equal variances between them. If the test produced a non-significant p-

value then the test groups are said to have equal sample sizes (equal variance between them). 

However, if the p-value is significant, the null hypothesis is to be rejected, variances of sample 

size groups is confirmed. 

An analysis of variance (ANOVA) was also performed to assess the significance of variations 

in technology acceptance across different racial/ethnic sociocultural identities. This approach 

aligns with recommendations from [98] for utilizing ANOVA in the examination of group 

differences. The integration of these frameworks and statistical techniques allows for a nuanced 

exploration of the complex interplay between technology acceptance, environmental influences, 

and engineering identity within the professional context [99-101]. This comprehensive approach 

not only enhances our understanding of technology adoption but also sheds light on the distinct 

roles and perspectives of engineers in shaping technological outcomes and provides essential 

knowledge needed for the development of evidence-based personalized learning models that will 

inform personalized learning systems and platforms. 

Finally, a Games-Howell post-hoc test was conducted [102]. The Games-Howell post-hoc test 

is used for multiple comparisons after conducting an ANOVA when the assumptions of equal 

variances (homogeneity of variances) or equal sample sizes are violated. This test identified 

statistically significant differences between all possible pairs of groups after an ANOVA revealed 

an overall significant difference. It also provided confidence intervals for the mean differences 

observed between groups. This method of analysis was selected because it does not require normal 

or equivalent variances of data and maintains accurate control of Type I error rate (false positives) 

even with unequal sample sizes.  

5. Results and Discussion 

To understand how students’ perceptions of virtual lab experiences vary or are the same as a 

function of racial and ethnicity sociocultural identities, a quantitative data analysis method was 

performed. A total of 304 students participated in the study. Incomplete surveys were removed 

from the data sample, resulting in a total of 227 completed survey responses included in this 

analysis. The demographics (sociocultural characteristics, i.e., inputs) of students from the 

mechanical and aerospace undergraduate engineering course are provided in Table 3 and Table 4. 

The majority of the students are white and Asian, i.e., representing 37% and 31%, respectively. 

Students designated are marginalized in engineering, i.e., African American/Black and LatinX, 

represent 7% and ~12%, respectively. Finally, students of Middle Eastern and North African and 

two or more races represent 5% and ~2%, respectively. Due to the racial and ethnic diversity of 

the student participants, comprehensive impressions of laboratory experiences for engineering labs 

of this type (i.e., synchronous, and interactive) may be examined for understanding salient 

measures that may inform personalized models for evaluation in the future. After participating in 

the theoretical review lecture, students were asked to complete a pre-lab test that was designed to 

encourage students to review concepts prior to engaging in the lab.  

To answer the research questions for this project, the SPVEL pre-lab and post-lab survey was 

distributed to students, and the averaged and standard deviation of the student responses to the 

questions from the SPVEL are provided in Table 1 and Table 2. An overview of the results of the 

pre-lab test and the post-lab laboratory report grades are provided in Table 5.  

Table 3. Racial and ethnic demographics of the diverse student population that participated in 

the research study (IEO inputs). 



 

 

Student Ethnicity Number N % of Students 

White (Non-Latino, Not Hispanic) 85 37.4 

Black or African American (Non-Latino, Not 
Hispanic) 

16 7.0 

Asians 71 31.3 

White-Latino (Hispanic) 19 8.4 

Black or African American (Latino, Hispanic) 2 0.9 

LatinX (Latin American origin) 8 3.5 

Middle Eastern/North African 12 5.3 

Two or more races 4 1.8 

Prefer not to answer 10 4.4 

Total 227 active participants 100% 
 

Table 4. Self-identified gender demographics of the student population that 

participated in the research study (IEO inputs). 
Gender Frequency % of Students 

Male 183 80.6 

Female 37 16.3 

Others/Prefer not to answer 7 3.1 

Total 227 100 
 

Table 5. Pre-lab quiz and post lab laboratory report grades. Means for populations that represent five or 

less are not reported in this table to maintain confidentiality of the student participants in the study. 

Student Ethnicity 

Grades mean (M) and Standard Deviation 
(STDEV) 

LabView Pre-Lab Quiz 
Grade, out of 5 pts.  

M + STDEV 

LabView Report 
Grade out of 100 

pts. 
M + STDEV 

White (Non-Latino, Not Hispanic) 4.72 75.48 

Black or African American (Non-Latino, Not 
Hispanic) 

5.00 71.11 

Asians 4.71 74.31 

White-Latino (Hispanic) 4.42 70.29 

Black or African American (Latino, Hispanic) 5.00 95.00 

LatinX (Latin American origin) 5.00 85.00 

Middle Eastern/North African 4.75 80.75 

Two or more races - - 

Prefer not to answer 5.00 88.50 

 

5.1. Test for Normality 

To determine whether parametric or non-parametric statistics should be used, normality tests 

were performed on the collected Likert scale data from SPVEL instrument. All twenty-six 

variables provided a p-value of less than 0.001 for Shapiro-Wilk test for Normality, signifying the 

non-normal distribution of data and supporting the use of non-parametric statistics for further 

analysis.  

5.2. Test of Homogeneity of Variance 



 

 

Levene’s test of Equality of Variances was used to assess the homogeneity of variance 

between groups. The null hypothesis was that the sample sizes between groups have equal 

variances between them. If the test produces a non-significant p-value then the test groups have 

equal sample sizes (equal variance between them). However, the null hypothesis is rejected if the 

p-value is significant, i.e., there are variances within sample sizes within groups. In this case, the 

p-values were less than 0.05 and hence significant for several questions from the SPVEL as 

described below. 

Based on the findings, there is evidence that there is variance of sample sizes within the 

groups and if the ANOVA test is used to examine variances among groups, a post-hoc test such 

as Games-Howell should also be conducted simultaneously. The Games-Howell procedure is a 

non-parametric analysis that considers the instances when the Homogeneity of Variance is 

violated but still allows for the interpretation of statistical significances in the data. 

5.3. ANOVA and Games-Howell: Examination of Variance of Race/Ethnicity Groups 

For the test of ANOVA, the F statistic was found to be statistically significant between 

groups for the following questions, where the p-value (sig.) was less than 0.05. The questions 

where significant differences in population are listed below in Error! Reference source not f

ound. and Table 7, where the ANOVA results indicate that there is a least one pair of groups that 

differ (i.e., have variance in the mean response). However, the ANOVA does not pinpoint which 

pairs of groups differ therefore, the Games-Howell post-hoc tests were performed to analyze the 

difference of responses between the individual groups.  

The Games-Howell post-hoc test requires that each group must include a minimum six 

responses to make robust predictions of statistical significance between groups even if there are 

variances within the group sizes. Hence, for this study, groups that had less than 6 participants, 

were removed. Thus, students who self-identified at Black LatinX (N = 2) and two or more races 

(N = 4) were removed from this component of the study. Based on the Games-Howell approach, 

the questions where there was variance between groups are provided below. It is important to 

note that some of the variables that indicate statistical variance have changed since two 

race/ethnic groups were removed for the Game-Howell approach. The questions that presented 

significant differences between group pairs are listed in Table 7. 

Table 6: Results from the Homogeneity test of variance. Only questions where significance 
values were determined are provided in this table. 

Item Category of Question and responses p-value Theoretical Model 

Prior virtual lab experience. Possible Choices: 0 Classes (0), 1 – 2 Classes (1), 3+ or more classes (2) 

Q1 Have you ever engaged in a virtual lab in high school? <0.001 IEO 
Model 

Self-Identification with the Engineering Profession- Likert Scale of 1 to 5. Possible choices: Strongly 
Agree (5), Somewhat Agree (4), Neither Agree nor Disagree (3), Somewhat Disagree (2), Strongly 
Disagree (1) 

Q14 Being an engineer is an important part of my self-image. 0.01 ERI 

Student Perceptions of VL Experience. 

Q17 I could follow the steps in the lab. 0.05 
TAM+ 

Q20 Class ran smoothly with no technical glitches. 0.018 

LabView virtual laboratory (VL) interactions and visual experiences. 

Q25 I was able to ask the TA questions in the virtual chat. 0.001 TAM+ 



 

 

 According to the Games-Howell approach, the responses to Question 1 (Q1) show statistically 
significant differences between White, Non-Latino (Not Hispanic) and Black or African American (Non-
Latino/Not Hispanic) (p-value = 0.054) and between White, Non-Latino and LatinX students (p-value = 
0.054). Also, there are statistically significant differences between Black or African American (Non-Latino, 
Not Hispanic) and Asian (p-value = 0.019). In addition, there are statistically significant differences 
between LatinX and Asian (p-value = 0.019). Given that the response for the question in terms of Likert 
scale was 0 for “No prior VL experience in high school,” and 1 for some experience, one can see from the 
image in Figure 2 that White (Non-Latino, not Hispanic) and Asians have more experience with Virtual 
labs from High school compared to that of Black or African American (Non-Latino, Not Hispanic), White, 
Latino (Hispanic) and LatinX students. Since the number of responses from the Black or African American 
(Latino/Hispanic) was less than 6, results were excluded for their case.  

 
Figure 2. Plot of the means of the responses to Q1 from the SPVEL. 

For the dependent variable, Perceptions of virtual labs (VLs) - VLs can replace hands-on-

labs, Games-Howell did not find any statistically significant difference between the responses. 

However, from the line graph in Figure 3, it is observed that LatinX students scored a mean of 

Table 7. An overview of the questions with variance according to the Game-Howel 
approach are provided along with the theoretical framework. 

Item Category of Question and responses Theoretical Model 

Prior virtual lab experience. Possible Choices: 0 Classes (0), 1 – 2 Classes (1), 3+ or more classes 
(2) 

Q1 Have you ever engaged in a virtual lab in high school? IEO  

Perceptions of Virtual Labs. Likert Scale of 1 to 5. Possible student choices: Strongly Agree (5), 
Somewhat Agree (4), Neither Agree nor Disagree (3), Somewhat Disagree (2), Strongly Disagree 
(1) 

Q9 VLs can replace hands-on labs. IEO 
Model 

Self-Identification with the Engineering Profession- Likert Scale of 1 to 5. Possible choices: Strongly 
Agree (5), Somewhat Agree (4), Neither Agree nor Disagree (3), Somewhat Disagree (2), Strongly 
Disagree (1) 

Q14 My friends see me as an engineer. ERI 

LabView virtual laboratory (VL) interactions and visual experiences. 

Q25 I was able to ask the TA questions in the virtual chat. TAM+ 



 

 

3.0, which was higher than other groups. Since in Likert scale, the response was set as one being 

at Highly Disagree and 5 being Highly Agree, any score less than 3 would mean that the group is 

more towards disagree rather than agree. Hence in this case, LatinX students are more confident 

or more open to considering VLs as a replacement for hands-on labs in the future than their 

peers.  

Similarly, for the variable, LabView virtual laboratory (VL) interactions and visual 

experiences. - I was able to ask questions in the virtual chat, Games-Howell could not find any 

statistically significant difference between any groups. However, from the line chart in Figure 4, 

although almost all students affirmed that they were able to ask questions in the virtual chat, 

some students scored a mean of 3.0, meaning they were unsure.  

 
Figure 3. Plot of the means of the responses to Q9 from the SPVEL. 

 

 
Figure 4. Plot of the means of the responses to Q14 from the SPVEL. 

 



 

 

For the variable, Engineering. - My friends see me as an engineer, generally all groups 

(Figure 5) have rather positive outlook regarding this notion with mean response generally 4 or 

above, however LatinX students scored a mean on less than 3.5. This means that some of the 

students from the LatinX background unsure whether they are seen as engineers. Understanding 

this response considering requires further investigation as these students may have friends who 

consider or associate other aspects of their social cultural identity as having priority over other 

role identities, e.g., race, gender, etc. Considering the high report grades of the LatinX group, 

their lower engineering role identity scores may be related to a several factors. These factors may 

include the lack of external affirmation of their engineering identities from others due to racism, 

sexism, etc., which can restrict students’ sense of belonging within a group[103]; or less 

opportunities for authentic mentorship or connection with student organizations that affirm the 

sociocultural and engineering identities [104, 105].  

 
Figure 5. Plot of the means of the responses to Q25 from the SPVEL. 

 

There was no statistical significance for either of the grades, however LatinX students scored 

higher than Asians and White students on their lab scores. This is interesting since the students 

from latter two ethnicities had more high school virtual lab experiences than Latinx students, 

while the LatinX students were the ones who had positive reviews regarding virtual labs being 

the future. While it is unclear why LatinX students who had less experience with virtual labs in 

high school performed better on their report grades in the virtual lab setting than their 

counterparts, several possibilities for this finding may exist. For example, some of the Latiné 

students may have had more experience with the use of mechanical equipment and tools, via 

jobs, personal hobbies, in-person labs, and/or extracurricular activities in high school. Another 

explanation for these findings could also be that students who placed higher value on the use of 

virtual labs derived more motivation from their use, which was evidenced in their performance 

on the final report. To better understand these findings, further investigation is warranted.  

The grades for the Pre-lab quiz are nearly linear among the eight groups (excluding the two or 

more races) with white Latino (Hispanic) group scoring least with mean of 4.42. However, the 

disparity is more prevalent in the Lab report grades, where the White (Non-Latino, Not Hispanic) 



 

 

and Asians scored 75% with STDEV of 25.14 and 74.31% with STDEV of 19, respectively. This 

means there is a high variance of score within these groups, as well as for Black or African 

American (Non-Latino/Hispanic) and White Latino (Hispanic) with 71%/19.06 STDEV and 

70.29%/14.78, respectively. In comparison, LatinX students had a high mean score of 85% with 

low STDEV of 6, as well as Middle Eastern students scoring mean of 80% with low STDEV of 

11. 

 
Figure 6. Plot of the means of the responses to student lab report grades. 

 

 
Figure 7. Plot of the means of the responses to student pre-lab quiz grades. 

 

6. Conclusions and Future Work 

This work highlights students' experiences, perceptions of value, and engagement with 

learning technologies when participating in a LabView virtual engineering laboratory. Using a 

validated assessment instrument called Students’ Perceived Value of Engineering Laboratories 



 

 

(SPVEL, the authors explored how different student profile metrics can be used to inform 

personalized learning models of the future. The SPVEL instrument was used to collect responses 

from a total of 227 students during the 2020 Fall session. Considering race/ethnicity as factor, the 

ANOVA was performed on the dependent list of items of the SPVEL, where it was found that the 

p-value for the Levene’s was significant, indicating variances in sample size within the race/ethnic 

groups. Furthermore, four of the SPVEL items showed their F statistic during ANOVA to be 

statistically significant between groups. 

Further analysis from post hoc tests revealed that while White (Non-Latino, not Hispanic) and 

Asians have more experience with virtual labs from high-school, students (e.g., from LatinX 

backgrounds) with relatively lower experience with VL did better in on lab reports. Also, LatinX 

students were found to be more confident about VLs eventually being able to replace hands-on 

labs in the future for this class. However, they were also found to be less sure of their friends and 

family seeing them as engineers. It is unclear why LatinX students with less VL experience 

performed better in lab reports for VLs. However, possible explanations could be that use of VLs 

enhanced students’ motivation; these students placed higher value on VLs as a learning tool, which 

translated to more effort in writing their lab report and/or interest in the LabView topic; or these 

students may have had more prior experience with mechanical equipment and tools via in-person 

labs, extracurricular activities, or job during high school. Additional studies will be conducted to 

better understand these findings and explore how they can be leveraged to enhance learning and 

access to all the engineering students within the department. 

Although the data analyzed here was only from a single semester of a single lab course, and 

only factoring in ethnicity, it provided a very nuanced take which might not have been possible 

to find from traditional post class assessment student questionnaire. Verily, it is possible to 

analyze other factors of students’ backgrounds to provide more  information to inform 

personalized learning models of the future. Nevertheless, this detailed analysis already 

establishes SPVEL as a valuable tool for educational psychology and engineering education 

when analyzing digital educational tools, to understand student perception of their learning 

environment while considering their backgrounds. 
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