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Abstract 

The current article explores Moore’s theory of transactional distance in a web-enhanced 
introductory biology course. A questionnaire containing open-ended questions that focused 
on components of the transactional distance theory was utilized to examine college students’ 
perceptions of virtual laboratories in an introductory biology course. Virtual laboratories are 
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computer-based simulations designed to inculcate specific scientific concepts and 
experimental procedures. Virtual laboratories are effective instructional tools in both online 
and traditional STEM courses. Previous research has suggested that reduction of transactional 
distance in the online and traditional classroom may positively influence retention rates and 
student learning outcomes. The qualitative findings in this study will further inform academic 
intervention strategies to enhance virtual laboratory instructional approaches in science, 
technology, engineering, and mathematics (STEM) college courses. 

Keywords: Distance education, Transactional distance, Virtual laboratory, Instructional 
strategies, STEM 
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Introduction 

According to Class Differences: Online Education in the United States, several million 
students enrolled in at least one online course in the last few years (Allen & Seaman, 2010), 
which was nearly an increase of 1 million students from the previous year. Improving student 
access to higher education is cited as the top reason for offering more online courses and 
programs. Further, increasing the rate of degree completion and the appeal of online 
instruction to non-traditional students are some of the other explanations regarding the 
growth of online instruction. To prepare for the projected increases in university and student 
participation in computer-mediated distance education courses, it is critical that researchers 
explore the advantages and disadvantages of online distance education versus traditional 
instruction. Moreover, with the increase in online distance education, it is clear that more 
research is needed to determine the extent to which this method of instruction is an effective 
modality and whether or not students are better able to grasp course content, as well as apply 
it. 

Opponents to distance education initiatives cite the reduction of traditional (e.g., face-to-face) 
communication between instructor and students as a major criticism to web-based instruction 
(Arbaugh, 2000; Kruger, 2000). Another problem facing online instructors is the issue of 
student retention. Several studies have documented the importance of addressing course 
completion rates and implementing specific pedagogical practices to ensure that students are 
fully engaged throughout the semester (Boston, Ice, & Gibson, 2011; Nichols, 2010). Based 
on a few empirical studies and unpublished qualitative data from ongoing studies at a small 
4-year college in the southeastern region of the United States it is clear that retention in 
online courses is greatly affected by the physical separation between student and instructor. 
Moreover, student success in distance education courses has shown to be negatively 
influenced by students who perceive a lack of instructor-facilitated interaction as a barrier to 
learning (Abrami, Bernard, Bures, Borokhovski, & Tamim, 2011). 

The transactional distance theory is a paramount concept in web-based distance education. 
According to Moore (1993a) transactional distance is “a psychological and communications 
space to be crossed, a space of potential misunderstanding between the inputs of instructor 
and those of the learner” (p. 22). The fundamental concepts proposed by Moore initially 
involved several types of interactions: learner-content, learner-learner, and learner-instructor 
(Moore, 1993b). A fourth interaction, learner-interface, was later developed by Hillman, 
Willis, & Gunawardena, (1994) to address the technology utilized in distance education 
courses and how the technology affects student perceptions of the overall learning experience. 
Learner-interface interaction is significant because the technology employed in online 
distance education courses serves as the primary conduit between the instructor and the 
learner. The learner-interface level of interaction involves the instructor’s utilization of 
technology but also involves the learner’s understanding and use of the online technology. It 
is imperative that online instructors develop appropriate teaching methods (e.g., computer 
usage skills, software utilization skills) to enhance a student’s ability to efficiently manipulate 
the technology employed in distance education courses (Hillman, Willis, & Gunawardena, 
1994). The examination of learner satisfaction and precise academic outcomes associated 
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with the learner-interface interaction as well as other fundamental components of the 
transactional distance theory are active areas of educational research (Cho, 2011). In this 
study, the term distance refers to the tangible division between online students and instructors 
during the college semester. 

Virtual laboratories are web-based lab exercises designed to replicate real-world learning 
outcomes acquired by working in a traditional laboratory. Over the last decade the literature 
has reported positive outcomes of employing virtual laboratory assignments to meet 
curriculum learning goals in both online and traditional STEM courses (Dalgarno, Bishop, 
Adlong, & Bedgood, 2009; Weisman, 2010). Specifically, the use of virtual labs in an 
academic setting was shown to improve students’ understanding of laboratory techniques and 
teaching the scientific method, thus reinforcing the notion that carefully designed virtual labs 
can mediate beneficial learner-content interaction (Maldarelli et al., 2009). 

The theory of transactional distance has broad implications in distance education and can be 
applied to potentiate innovative instructional approaches, promote the sustainability of 
distance education, and drive policy development (Gokool-Ramdoo, 2008). Given the 
importance of the theory of transactional distance to enhance distance education initiatives, 
there is a surprising lack of research articles that seek to explore the use of electronic 
laboratories in STEM college courses and their relationship between elements of the theory 
of transactional distance. The purpose of the current qualitative study is to examine student 
perceptions of biology-based virtual laboratories in a traditional introductory biology course 
for non-science majors in the context of the transactional distance theory. 

Methodology 

Participants 

The research study was conducted at a public, four year university, located in the 
southeastern part of the United States. Qualitative data were collected from a purposeful 
sample consisting of 18 students. Student participants were comprised of three sophomores, 
nine juniors, and six seniors who were majoring in Business Administration, Criminal Justice, 
Education, Geography, History, Psychology, and Sociology. 

Procedure 

In order to assess the theory of transactional distance and its significance on the utilization of 
virtual laboratories in a STEM undergraduate course, a paper-based survey designed to 
address the central research questions was employed. Following Institution Review Board 
(IRB) approval, data collection procedures were conducted in a  
web-enhanced biology course for non-science majors. Web-enhanced courses are  
on-campus traditional courses that contain mandatory internet-based assignments (Goldberg, 
2005). The survey instrument was designed based on the general types of interaction defined 
by Moore (1993b) and Hillman, Willis, & Gunawardena (1994). 

The survey was administered after college students completed five virtual labs that were 
designed to investigate the scientific method, enzyme function, cellular reproduction, 



Journal of Studies in Education 
ISSN 2162-6952 

2012, Vol. 2, No. 3 

www.macrothink.org/jse 148

pathology, and Mendelian genetics. Online virtual labs consisted of on-screen procedures, 
electronic biology exercises, post laboratory questions, and data presentation tools (e.g., data 
table, graph). Four open-ended research questions were used in the study: a) To what extent, 
if any, did your participation (e.g., completion/interaction) with the virtual laboratory 
increase or decrease your interaction with your professor?, b) To what extent, if any, did your 
participation (e.g., completion/interaction) with the virtual laboratory increase or decrease 
your understanding or knowledge of the biology concepts discussed in the lecture?, c) To 
what extent, if any, did your participation (e.g., completion/interaction) with the virtual 
laboratory increase or decrease your interaction with other students in the class?, d) To what 
extent, if any, did your participation  
(e.g., completion/interaction) with the virtual laboratory increase or decrease your ability to 
use educational technology (e.g., Blackboard, computer simulations, e-mail)? Following data 
analysis, selected representative quotes were used to identify common themes. An external 
reviewer examined the qualitative results to determine the validity of the data. Respondents 
also provided information about their gender, major, and number of STEM online courses 
taken. 

Results 

Using qualitative methods previously described (Ryan & Bernard, 2003) investigators 
identified the most significant student quotes that focused on elements of Moore’s theory of 
transactional distance and the utilization of virtual laboratories in an introductory biology 
course. A summary of respondent quotes are shown in Table 1. 

Learner-Instructor Interactions 

When posed with a question regarding whether the level of interaction with the professor 
increased or decreased, most respondents believed that participation with virtual laboratories 
either decreased professor interaction or did not increase or decrease the interaction with the 
professor during the semester. One student noted, “Doing the virtual laboratories decreases 
the interaction with the professor when compared to classroom laboratories.” Another student 
declared, “There was no real interaction with my professor regarding the VL.” Similarly, a 
student noted, “The virtual lab didn’t decrease or increase my interaction with the professor.” 
While the majority of students reported a decrease in professor interaction, a small percentage 
of students reported an increase in instructor interaction. One student stated, “The virtual lab 
did increase the interaction with the professor.” Learner-instructor interaction during the 
completion of all assignments is a very important concept and strategies to increase this type 
of interaction should be continually explored. 

Learner-Content Interactions 

Most of the questionnaire respondents indicated that participation with the virtual laboratories 
improved their understanding of biological concepts. One advantage of virtual labs is that 
students are able to rapidly repeat experiments under different conditions which may aid in 
long-term comprehension of salient course material.  
One student wrote, “The virtual lab increased my understanding of science and biology.” 
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Likewise, another student noted, “The virtual lab helps my understanding of the concepts.” 
According to the qualitative data there were also students who were quite surprised as to the 
level of their conceptual learning gains as a result of completing virtual laboratory 
assignments. One respondent pointed out, “The virtual labs has increased my knowledge 
more than I thought it would.” Similarly, another student declared, “My knowledge of the 
biology concepts actually did increase.” Additional research questions aimed at identifying 
specific areas of improved biological comprehension would be significant and could lead to 
substantial improvements in virtual labs. 

Learner-Learner Interactions 

Increasing peer-peer interactions is of paramount importance to STEM instructors. Instructors 
are keenly aware of the enormous benefits to enhancing learner-learner interaction in terms of 
achieving student learning outcomes. The results of the study demonstrate that the majority of 
respondents believe that participation with the virtual labs decreased learner-learner 
interaction. One respondent shared, “It greatly decreases your interaction with other 
students.” One student stated, “The virtual lab did not increase my participation with other 
students.” Another student noted, “The lab neither decreased or increased interaction with 
other students in class.” A small percentage of the questionnaire participants indicated, “It 
increased my interaction because I found that I talked to classmates more.” The results were 
somewhat expected based on the virtual lab instructions. The creation of lab groups 
consisting of two or more students working together to address specific research questions 
would improve student interactions. 

Learner-Interface Interactions 

Enhancing students’ understanding of technology utilization skills will positively affect 
student performance in Internet-based courses. Both traditional and online instructors must 
assess their students’ basic computer skills in order to assign appropriate online assignments 
that meet those skills. In regards to student-technology interactions, students articulated 
mostly positive responses after completing the virtual labs. Study participants stated, “The 
virtual lab increased my ability to use Blackboard.”, “It really improved my ability to use 
educational technology.”, “My participation with the virtual lab increased my ability to use 
educational technology.”, and “The virtual laboratory increased my ability to use certain 
technology.” The results suggest that in addition to gaining a better understanding of 
biological concepts that virtual laboratory use may also contribute to the enhancement of 
technology utilization skills. While the results reported here are positive, the open-ended 
question employed in this study does not allow the elucidation of the specific technology 
skills that were enhanced or learned. 

 

Table 1. Summary of Student Qualitative Questionnaire Responses 

 

Learner-Instructor Interactions 

“Doing the virtual laboratories decreases the interaction with the professor when compared to 
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classroom laboratories.” 

“There was no real interaction with my professor regarding the VL.” 

“The virtual lab didn’t decrease or increase my interaction with the professor.” 

“The virtual lab did increase the interaction with the professor.” 

 

Learner-Content Interactions 

“The virtual lab increased my understanding of science and biology.” 

 “The virtual lab helps my understanding of the concepts.” 

“The virtual labs has increased my knowledge more than I thought it would.” 

“My knowledge of the biology concepts actually did increase.” 

 

Learner-Learner Interactions 

“It greatly decreases your interaction with other students.” 

“The virtual lab did not increase my participation with other students.” 

“The lab neither decreased or increased interaction with other students in class.” 

 “It increased my interaction because I found that I talked to classmates more.” 

 

Learner-Interface Interactions 

“The virtual lab increased my ability to use Blackboard.” 

“It really improved my ability to use educational technology.” 

“My participation with the virtual lab increased my ability to use educational technology.” 

“The virtual laboratory increased my ability to use certain technology.” 

 

Discussion 

The current qualitative study reported herein seeks to investigate the relationship between 
elements of Moore’s theory of transactional distance (1993a) and STEM-based virtual lab 
utilization in a web-enhanced general biology college course. Questionnaires were 
administered to gather data on student perceptions of virtual laboratories. The theory of 
transactional distance includes four major tenets: learner-instructor interactions, 
learner-learner interactions, learner-content interactions, and learner-interface interactions. 
Consistent with previous research, the authors agree that it is essential for traditional and 
online instructors to carefully consider educational research literature-derived approaches in 
their course development and implementation plan that includes careful attention to the  
theory of transactional distance. McLaren (2010) noted in a quantitative study that specific 
transactional instructor-student approaches can have positive effects on student satisfaction in 
the online environment. 

The results of the current study suggest that virtual laboratories may have positive impacts 
(learner-content, learner-interface) as well as negative impacts (learner-learner, 
learner-instructor) on students’ educational experiences. Results of the study also provide 
helpful data that can be used to improve virtual laboratory assignments. For example, 
students who reported an increase in professor interaction using virtual labs (Table 1) may 
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also provide insights into deficiencies into virtual laboratory assignments.  Responses could 
suggest that virtual laboratory instructions and submission procedures were inadequate or 
confusing which promoted an increase in students’ questions and interaction with the 
professor. Providing additional instructions as well as a thorough review of completion and 
submission procedures of the web-based laboratory may be beneficial to students. 
Specifically, instructors can develop methods to target learner-learner and learner-instructor 
interactions. 

Development and implementation of sustainable techniques to address transactional distance 
in the virtual classroom is essential. Although a variety of influential empirical studies have 
reported important findings impacting the success of online distance education courses, 
enhanced interaction between instructor and learner has emerged as a common thread 
(Mosser, 2010; Varre, Keane, Irvin, 2011). While there are many studies to support the 
argument that overall online student learning outcomes are similar to students enrolled in 
traditional face-to-face courses (Campbell, Floyd, & Sheridan, 2002; Jaggars & Bailey, 2010; 
Kirtman, 2009), there exists a critical need to further conduct empirical research studies that 
may lead to the development of innovative online pedagogical strategies designed to reduce 
transactional distance and enhance student learning in technology-supported distance 
education courses (Phipps & Merisotis 1999; Schulte, 2010). 

When teaching virtual laboratories, it is essential that professors recognize the importance of 
instructor-learner interactions and how these interactions influence student engagement and 
learning. In web-enhanced courses instructors can mitigate negative learner-instructor 
transactions by providing clear, concise assignment guidelines and establishing opportunities 
for questions. Moreover, by creating a classroom atmosphere that promotes virtual lab-based 
inquiries before, during, and after the assignment students are more prone to seek assistance 
from the professor and thereby strengthen learner-instructor interactions. Data from a 
multidisciplinary research study demonstrated that the use of software programs such as 
Elluminate Live! can facilitate synchronous communication and potentiate beneficial 
interaction among instructors and students enrolled in an online course (McBrien, Jones, & 
Cheng, 2009). The design of both instructor-centered approaches and student-centered 
approaches to enhance communication between student peers and the instructor are critical 
and provide the basis for meaningful learning (Northrup, 2001). The elucidation of student 
learning styles during the first week of the course through the use of the Online Learning 
Styles Inventory (Liu, Shih, & Yeh, 2010) will facilitate the design of effective 
learner-centered online pedagogical strategies to reduce transactional distance. An additional 
pedagogical strategy is the use of rubrics to ensure adherence to learner-instructor 
interactions, learner-learner interactions, learner-content interactions, and learner-interface 
interactions. 

Future Research 

This study relied on a theoretical framework, the theory of transactional distance, developed 
by Moore (1993b) and Hillman, Willis, & Gunawardena (1994) and sought to determine the 
efficacy of virtual laboratory interventions to generate quality electronic learning 
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environments. While the current study will significantly add to the literature base in the area 
of distance education several limitations to the study exist. A major limitation to this study is 
the sample size. Future studies should involve the inclusion of several STEM courses to 
increase the sample size. Future studies should also examine web-enhanced courses, hybrid 
courses, and fully online STEM courses to enhance the generalizability of the data. Another 
limitation to the study is that it only relies on specific qualitative methods (e.g., qualitative 
paper survey). Potentially, employing face-to-face student interviews and quantitative 
surveys will yield more informative results. Moreover, it is quite possible that the use of 
different types of web-based virtual labs may produce different results. Studies exploring a 
comparison of different virtual labs may give educational researchers new insights into new 
educational technologies.  

Recommendations for future research include both qualitative and quantitative research 
studies to better understand instructors' and university administration perceptions of the 
transactional distance theory as it relates to developing and implementing sustainable online 
courses and degree programs. Furthermore, future studies should be constructed to address 
the following questions about online laboratories: a) What type of support do students seek or 
need in virtual laboratories in STEM courses to help them persist and learn?, b) What aspect 
of virtual laboratories do students find particularly helpful?, and c) What recommendations 
do students have for improving student engagement in virtual laboratories? Also, additional 
empirical studies exploring student perceptions of non-virtual laboratory pedagogical 
interventions in relation to one or more components of the theory of transactional distance 
will inform stakeholders such as distance education program directors, university 
administration, and online faculty. 
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