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ABSTRACT
The purpose of this study was to examine the difference in student achievement when
virtual labs are used instead of traditional labs. Participants included eighth grade
students in a science class at a junior high in the Central Valley of California. A
treatment group participated in four virtual labs and the control group participated in
four traditional labs. Data were collected through assessment scores and analyses
were run. Results revealed there was a significant difference in three of the four
assessments in which the control group scored higher. After accounting for existing
differences in science achievement between the two groups, there was a significant
difference in two of the four assessments in which the control group scored higher.
Results are presented and discussed.

ix

CHAPTER I
INTRODUCTION
Science instruction is very important. It allows opportunities for critical
thinking, problem solving, and asking and answering questions to real world issues.
It is because of the understanding of science that advancements in technology can be
made. As technology develops, the need for STEM careers, jobs in science,
technology, engineering, and mathematics, also increase (Vilorio, 2014) In response
to the knowledge that STEM careers will be in demand and to better prepare students
to enter these careers, new science standards have been adopted known as the Next
Generation Science Standards (NGSS). A goal of NGSS is to prepare students to
solve problems that do not yet exist (NGSS, 2015). The NGSS were developed in
response to United States students performing far below par in science and math. In
2012, according to the Program for International Student Assessment (PISA) the U.
S. ranked 23rd in science along with many other disappointing statistics (NGSS,
2016). If this performance is not addressed, America has the potential to fall behind
in the global economy as technology advances.
A key component to any science class is labs. Labs provide opportunities for
students to take concepts and skills learned during instruction and apply them in a
practical and hands-on way. In a laboratory, students are able to collaborate to ask
questions, investigate, make qualitative and quantitative observations, collect data
using a variety of means, and analyze results to draw conclusions (National Science
1
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Teacher Association Board of Directors, 2007). The opportunity to participate in this
type of inquiry-based learning may be rare to find in other subject areas. Skills
developed in the lab can contribute to a student’s well-rounded and in-depth
understanding of the subject matter and will likely continue to aid a student in his or
her future success (Reed, 2016).
The rise of technology use in the classroom is changing the types of
educational resources. With the integration of technology into the classroom, the
opportunity to utilize virtual labs becomes more readily available. A virtual lab is
similar to a traditional lab in that both allow a student to apply content knowledge to
investigate and/or solve a problem. However, virtual labs are simulations that are
performed via some piece of technology such as a desktop computer, laptop, or tablet.
In addition, virtual labs naturally have limitations including reducing the opportunity
for students to collaborate in groups to execute a lab as the technology can become
the focus rather than working collaboratively to execute a traditional hands-on lab.
Finally, virtual labs are different than traditional labs because it is debatable if
students are engaging in kinesthetic activities while involved in virtual labs; moving a
mouse on a computer may not be considered kinesthetic. Because technology is
constantly changing, the way in which educators utilize technology is also evolving
with these changes. Virtual labs can provide opportunities for students to interact
with science content in a meaningful way (Huang, 2004). This interactive medium
has potential to enhance science literacy.
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Statement of the Problem
Budget can be an issue when it comes to science funding. A difference
between science and many other secondary school departments is the materials used
in a lab are typically consumed; many of the materials cannot be recycled.
Depending on the district, funding may be limited for such purposes. After electives,
science is the most expensive subject, and because electives are not a core subject,
science is the most expensive core subject (Roza, 2009). While other subjects could
accumulate materials for repeated use, part of the science budget will always go
towards replenishing traditional lab supplies. Another perspective is that assuming
each department got an equal allotment of money each school year, the science
department would be at a disadvantage to other subjects as the cost of lab supplies
can be expensive.
A benefit of a traditional lab is the opportunity for hands-on, kinesthetic
learning. According to Howard Gardner’s Theory of Multiple Intelligences (2011),
there is a population of students who succeed best when they are given the
opportunity to learn kinesthetically. Traditionally, school does not typically
accommodate kinesthetic learners. For some students, labs may be one of the few
kinesthetic lessons he or she may experience within a typical school day. Another of
Gardner’s identified intelligences is interpersonal, in which students learn best when
given the chance to collaborate in a group (Gardner, 2011). Virtual labs would be
performed via some sort of technology device where the technology is the interface
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between student and content. Depending on the nature of the virtual lab, the way in
which a student manipulates the materials of the lab is to click a mouse. This clicking
is different than actually moving around the classroom, which results in the missed
opportunity to participate in a kinesthetic lesson along with taking away or reducing
the option to collaborate. The combination of these factors may be detrimental to
students with strengths in kinesthetic or interpersonal intelligence.
As technology is more heavily integrated into the classroom, virtual labs may
become more common. Because so many questions arise when comparing and
contrasting benefits and detriments of virtual labs and traditional labs, the purpose of
this study was to examine and explore the outcomes of participation in the two types
of labs on student achievement.
Significance of Study
The research is of likely interest to many different groups of educators.
Science teachers are probably at the forefront of people who would be interested in
this study as it could directly affect decisions a science teacher makes for his or her
classroom instruction. If research supports a traditional or virtual lab for student
achievement, teachers may be more likely to implement that style of lab.
Administrators may also be interested in this research as standardized assessment
scores are important to an administrator. An administrator may push for a specific
model of labs if one has a higher impact on student achievement. Administrators
would also be very interested in cost efficient methods to carry out labs.
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There is little formal research to examine the outcomes of using virtual labs as
opposed to traditional labs on student achievement in a science class. This study will
contribute to the body of research on the impact of the use of technology in the
classroom on student achievement. This study could also contribute to the body of
research on best science instructional practices.
Research Question
What is the difference in achievement when using virtual labs compared to traditional
labs in junior high school science classes?
Hypotheses
H1: Students who use traditional labs will score higher on each assessment than
students who use virtual labs.
H2: Students who use traditional labs will score higher on each assessment than
students who use virtual labs after adjusting for differences in science achievement
that may exist between treatment and control.
Theory
This research is grounded in Howard Gardner’s Theory of Multiple
Intelligences (Gardner, 2011). Gardner proposed there are eight different ways in
which students learn and express knowledge. The theory states that students learn,
process, and express information in a variety of ways depending on their learning
intelligence. There are a few intelligences that may be affected differently based on
whether students complete a virtual lab or a traditional lab. One of these intelligences
is bodily-kinesthetic in which a student needs to physically move to learn; students
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with strengths in this intelligence do well with hands-on learning such as a traditional
lab. In a traditional lab, students physically manipulate materials to carry out an
experiment. If students do not have the opportunity to participate in a traditional lab,
the learning outcome may be affected depending on the strength of the student’s
bodily-kinesthetic intelligence. Another intelligence that may be impacted by virtual
labs is interpersonal, in which students learn best when given the opportunity to
communicate and collaborate with other students. Because students are not
physically manipulating lab equipment and tools in virtual labs, and rather are
clicking to manipulate the lab, opportunities for collaborative work may be negatively
impacted, which could change the achievement of the interpersonal learner.
Summary
As the use of technology in the classroom increases the importance of finding
effective ways to utilize the technology in lessons also increases. In the science
classroom, labs can play an important role in the learning process. With the increased
use of virtual labs, this study was conducted to examine if there was a difference in
student achievement when a virtual lab was used instead of a traditional lab.

CHAPTER II
REVIEW OF LITERATURE
The purpose of the study was to determine the difference in science
achievement when a virtual lab was used instead of a traditional lab. Science
instruction is very important because it is from the understanding of science that so
many technological advancements have been made. There is a high demand for
individuals to enter STEM careers and teachers need to prepare students to engage in
these careers. It is important educators identify best practices that will help
adequately prepare students to enter these careers. In reviewing existing studies, two
themes emerged in the literature: technology use in the classroom and traditional
compared to virtual labs.
Technology Use in the Classroom
Teachers are always searching for the best instructional practices that will
help increase student engagement and help students academic achievement. When
students are engaged, they are likely to increase performance. One study
(Goldenberg, 2011) surveyed strategies teachers used with and without technology
that increased student engagement in the science classroom. The study included eight
science teachers and 296 high school science students of various socioeconomic
(SES) levels. Data were collected primarily from interviews and observations. The
results showed students want lessons that are engaging, that incorporate technology,
and that provide opportunities for them to perform experiments. Students voiced that
7
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more technology does not mean better lessons; they claimed the technology must be
meaningful as opposed to just using technology for the sake of using technology.
It has been speculated that technology can have a positive impact on at-risk
students, the focus of a study by Zheng, Warschauer, Hwang, and Collins (2014).
The purpose of this quasi-experimental study was to evaluate the use of computers
and interactive software on fifth grade science students with specific note of impact
on at-risk science students. Participants included 568 fifth grade at-risk students, as
defined by one or more of the following classifications: English learners (ELs), low
socioeconomic status, and Hispanic, in an urban school district in southern California;
the treatment group was made up of students from four different schools in the district
and the control group was made up of students from four other schools within the
same district. The difference between the treatment and control groups was the
treatment group received 1:1 laptop devices to use in and out of the classroom. Out
of the 205 students in the treatment group, 44% were male, 56% were Hispanic, 56%
were EL, and 69% were eligible for free and reduced lunch. There were 163 students
in the control group in which 52% were male, 79% were Hispanic, 69% were EL, and
82% were free and reduced lunch eligible. Teachers of students in the treatment
group also received professional development to improve general technology
proficiency skills as well as learn about specific science technology programs. Data
gathered included standardized test scores, interviews, and observations. Results
suggest technology had a positive impact on science achievement and attitude for
these at-risk science students. The treatment group scored higher on average on the
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California Standards Test (CST) than the control group: ELs (p < 0.05, effect
size = 0.59), Hispanic students (p < 0.05, effect size = 0.53), and those on free and
reduced lunch (p < 0.05, effect size = 0.53). This study suggested that the strategic
use of technology helped increase student achievement in at-risk students, which
could help bridge the achievement gap between these students and those not
considered to be at-risk. The instructional technology and 1:1 devices allowed for
students to visualize concepts being learned as well as learn by using appropriate
scaffolds.
In another study conducted by Lei and Zhao (2011), the impact of technology
and student achievement was examined. Participants included 130 middle school
students in a middle-upper class area. Data were collected through a pretest and a
posttest survey as well as via interviews. The data examined student descriptions of
what technologies they use, favorite technology uses, and perceived benefits of
technology use. To analyze the data, information was gathered about GPA before
and after the pretest at the start of the study and posttest at the end of the school year
to identify changes. According to the data, there was a negative correlation between
students spending more than three hours at a time using technology and GPAs with
t(128) = 4.122, p < .001with a loss of -.078 in GPA. The study also examined
specific technology use for learning and its impact on student achievement.
According to the authors, it was found that effective use of subject-specific
technology did increase GPA in many cases; for example when using a digital math
tool, the analysis showed the tool had a significant impact increase of GPA,
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F(2,130) = 2.34, p < .05 It was concluded that a great amount of time spent using
technology could negatively impact GPA; it was more important to strategically use
technology in a meaningful way. As a result of strategic technology use, student
achievement did increase.
Technology is also often used for assessment. In a study by Wilson (2011),
the effect of computer assisted formative assessment was examined in regards to
student perceptions and achievement. Participants included approximately 200
college students enrolled in a geography course. Data were collected using
assessment scores from the 2008 and 2009 school year. In the first year, the
computer assisted formative assessment program was introduced mid-year but used
the entire school year for the second year. Midterm scores as well as final exam
scores were compared between the two years. In self-reporting, over 95% of students
claimed using the software helped them prepare for assessments. When comparing
the users and non-users of the software, the difference in means was significant with a
mean increase from 54% to 64% for users with a p < .01. Similar results were
reported from the final exam on which users scored an average of 80% whereas
nonusers scored an average of 70% with a p < .01. It was concluded that the computer
program better prepared students and as a result allowed students to score higher on
assessments.
Traditional Labs Compared to Virtual Labs
In the Goldenberg study (2011) that examined what practices increased
student engagement, students also expressed a strong interest in hands-on laboratory
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activities. Students claimed that these activities helped them learn, remember, and
understand. Laboratory activities, especially when used strategically, allow for
opportunities to bring concepts to life, where students can actually observe the
phenomena of interest. The purpose of a study conducted by Darrah, Humbert,
Finstein, Simon, and Hopkins (2014) was to examine the effectiveness of virtual labs
on student learning compared to hands-on labs for college level physics students. The
virtual labs that were used were from a program called Virtual Physics LabTM. Each
lab included a prelab and postlab, background information, objectives, equipment,
video clips, and a quiz. Participants included 224 introductory level physics students
from two major universities. Data collected included student quizzes, test scores, and
lab reports. Based on assessments and lab reports, data analysis showed virtual labs
were just as effective as traditional wet-labs, or labs in which physical materials are
used, in both universities. There was a total of four groups, a treatment and control
group taught by one instructor and another treatment and control taught by a second
instructor. The postlab quiz data were collected and means of the four quizzes were
calculated. Lab section 1 (M = 59.37 SD= 16.97, n = 23) was compared to section 2
(M = 58.16, SD = 20.86, n = 26), both taught by instructor 1. The difference was not
statistically significant with a p-value of 0.83 from the two tailed t-test. Lab sections
3 and 4 were both taught by instructor 2, with lab section 3 (M = 52.06, SD = 17.18, n
= 24) completing the hands-on labs with the supplement of the virtual labs and lab
section 4 (M = 49.40, SD = 22.46, n = 21) completing the hands-on labs. The results
of the two tailed t-test was also not statistically significant with a p-value of 0.66.
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However another study showed some different results when comparing virtual
and traditional labs (Pyatt, & Sims, 2012). The purpose of the study was to examine
academic achievement and student attitudes about inquiry-based investigations for
both physical and virtual labs. Participants included 184 high school chemistry
students over a two year period. All classes were taught by the same instructor, four
classes each year. Students either worked with a virtual lab, the treatment group, or
with a physical lab, the control group. Both assessment data and data regarding
attitudes of students were gathered to measure performance and attitudes about using
a virtual or physical lab. The sample was divided into two groups; 98 students were
assigned to the control groups and 86 students were assigned to the treatment group.
The mean lab performance score for the control group was M = .49, SD = .50 and the
mean lab performance score for the treatment group was M = .64, SD = .48. After a ttest was run, results showed there was no statistical difference between the two
groups with p = .09. However, in the second trial during the study, the results were
different. The mean lab performance score for the control group was M = .068, SD =
.25 and the mean lab performance score for the treatment group was M = 1.2, SD =
1.3. The t-test revealed there was a statistically significant difference, p = .0001.
Further information also revealed students preferred virtual labs in terms of inquirybased investigations but showed positive attitudes towards both virtual and physical
labs.
Technology can also have an impact on student achievement as shown in
Olympiou and Zacharia’s (2011) research. The purpose of this study was to compare
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student achievement between three different scenarios of manipulatives during
instruction: physical manipulatives, virtual manipulatives, and a blend of both
physical and virtual manipulatives. There were three groups that participated in this
study for a total of 70 freshman college students enrolled in an introductory physics
course. The first group consisted of 23 students and only used physical manipulatives
whereas, the second group, also consisting of 23 students, used only virtual
manipulatives. The third group consisted of 24 students who used a blend of both
types of manipulatives. The study used a pretest and posttest for each group and was
of a mixed design. The findings showed that the group that used a blend of physical
and virtual manipulatives performed better than either of the other two groups on the
post test. There was a total of three posttests, one after each activity. The authors
concluded that using both physical and virtual manipulatives may enhance student
achievement as opposed to using just physical manipulatives or just virtual
manipulatives. In the case of test 1, the ANCOVA revealed a main effect of
condition (F (2, 66) = 5.104, p < .01, partial η2 = 0.13) and of pretest 1 scores
(covariate) on students' posttest 1 scores (F (1, 66) = 14.5, p < .001, partial η2 = 0.18),
but no interaction between condition and pretest 1 scores. In the case of test 2, the
ANCOVA revealed a main effect of condition (F (3, 66) = 6.07, p < .01, partial η2 =
0.15). No effect was found either between pretest 2 scores and students' posttest 2
scores or between condition and pretest 2 scores for both cases. Finally, in the case of
test 3, the ANCOVA also revealed a main effect of condition (F (2, 66) = 5.89, p <
.01, partial η2 = 0.15). No effect was found either between pretest 3 scores on
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students' posttest 3 scores (F (1, 66) = 3.55, p = .06, partial η2 = 0.05), or between
condition and pretest 3 scores.
Another perspective can be taken by examining the study of Toth, Morrow,
and Ludvico (2009). The purpose of this study was to examine the effects of a
curriculum that blended both traditional laboratory and virtual laboratory methods to
achieve objectives. The study took place in a college freshman biology course of 42
participants divided into two classes. Students had a choice to carry out an
experiment and research using either traditional or virtual methods. Students
completed a survey about their learning experience. Students were studying DNA
and running gel electrophoresis. Students were successful in the research with both
methods, traditional and virtual. However, students who used virtual means to carry
out their investigation claimed the virtual lab provided tools and materials such as
being able to regulate the concentration of the gel, see how changing the voltage
impacts the test, and preventing the bands of DNA to run off the gel; these
investigations would have been difficult to carry out in a traditional lab. These tools
and materials helped develop a conceptual framework that supported the students in
their success. The opposite was also observed; there were times in which the
traditional laboratory offered learning experiences that the virtual lab could not offer
due to limitations of the virtual lab.
Summary
Based on this previous research a few conclusions can be made. There are
times when technology can have a positive impact on student achievement.

15

Technology allows many opportunities to increase student engagement and create
interactive learning experiences. Students enjoy using technology in the classroom.
If a teacher can create engaging lessons that are interactive and provide opportunities
for rigorous critical thinking, students are likely to perform well on an assessment.
According to the literature, it is debatable if there is a “better” method to
execute a lab, virtual or traditional. The research does show advantages for both and
evidence that both virtual and traditional labs have deficiencies. The literature also
indicates a blend of both virtual and traditional labs seems to have the highest student
achievement and engagement; where a traditional lab may fall short, a virtual lab may
provide opportunities for conceptual understanding and vice versa. Chapter III
provides a description of the research design.

CHAPTER III
RESEARCH DESIGN
In this chapter the student sample of participants is described for the study.
Methods to set up the study are explained. The instrument that was used to collect
data to test the hypothesis is also noted. Finally, the way in which data were analyzed
is also described.
Sample
The study took place at a junior high school comprised of seventh and eighth
grades, in the central valley of California. The junior high is a part of a unified
school district in a city of approximately 40,000 people. The sample consisted of
eighth grade students enrolled in two mainstream science classes randomly selected
as treatment and control groups. Each class had approximately an even distribution
of male and female students and less than 15% of students were classified as English
learners in each class. See table 1 for demographics of the groups.
Table 1
Sample Demographics
Males

Females

English learners

Control

40%

60%

10%

Treatment

53%

47%

13%

16

17

According to Ed-Data for the 13-14 school year, students attending the junior
high were made up of approximately 71% Hispanic or Latino, 20% White, 4.8%
Asian, and the remaining 4.2% consisted of African American, Pacific Islander, and
American Indian. Among the students who attended the junior high during this time
frame, approximately 17.7% of students were designated English learners; 84% of
English learners were Spanish native speakers. The school was classified as Title I
and 87.3% of students qualified for free or reduced price meals.
Methods
The study took place in the 2016/17 school year during the second semester
for a total of 5 weeks. The study ran during a unit on Chemical Reactions and Acids
& Bases. Topics in the unit included physical and chemical change, compounds and
mixtures, chemical reactions, conservation of matter, endothermic and exothermic
reactions, and acids and bases. Both groups received the same instruction and same
assessments. Instruction included primarily explicit direct instruction lessons and
some assignments. The curriculum has been established by breaking down essential
California state eighth grade science standards of 1998 into learning targets. Daily
objectives that associate to a learning target were developed collaboratively by the
eighth grade science teachers. All common formative assessments, or CFAs, and
summative assessments have been aligned to these learning targets.
Table 2 describes the sequence of the unit. During the unit, four labs were
conducted to enhance student learning.
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Table 2
Unit Plan
Day
Day 1
Day 2-3

Lesson (topic)
Identifying physical and chemical change
Research and describe examples of physical and
chemical change
Day 4
Lab: Exploring Compounds
Day 5-6
Compare and contrast compounds and mixtures
Day 7
Lab: Chromatography
Day 8
Quiz: Changes
Day 9
Identify parts of a chemical equation
Day 10
Creating chemical equation/reaction analogies
Day 11
Law of Conservation of Matter
Day 12-13 Determine if a chemical equation is balanced
Day 14
Balancing chemical equation
Day 15
Endothermic and Exothermic reactions
Day 16
Lab: Endothermic / Exothermic
Day 17
Quiz Review
Day 18
Quiz: Reactions
Day 19
Intervention / Enrichment
Day 20
Identifying properties of Acids & Bases
Day 21
Litmus paper and pH paper
Day 22
Lab: Acids & Bases
Day 23
Quiz: Acids & Bases
Day 24
Intervention / Enrichment
Day 25
Unit Review
Day 26
Unit Test: Chemical Reactions and Acids & Bases

Learning Target
LT 1.1
LT 1.1
LT 1.1
LT 1.2
LT 1.2
LT 1.1 – 1.2
LT 2.1
LT 2.1
LT 2.3
LT 2.1 & 2.2
LT 2.1 & 2.2
LT 2.4
LT 2.4
LT 2.1 – 2.4
LT 2.1 – 2.4
LT 2.1 – 2.4
LT 3.3
LT 3.1 & 3.2
LT 3.1 – 3.3
LT 3.1 – 3.3
LT 3.1 – 3.3
LT 1.1 – 3.3
LT 1.1 – 3.3

In the treatment group, all traditional labs were delivered as virtual labs; these
students did not participate in the traditional lab. The virtual labs were executed on
Chromebooks and students worked as an individual or in partners as determined by
the teacher. See Appendix A for virtual labs and traditional labs.
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To account for possible differences in achievement between the participants in
the control and treatment groups, assessment scores were examined from the prior
unit test.
Instruments
Student achievement was measured by performance on assessments; see
Appendix B. All assessments were developed by a team of teachers at the school site.
First, the team of teachers identified the standards that would be assessed. These
standards were turned into learning targets using student friendly language. The
targets were used to create the summative assessment. After the summative
assessment was created, the common formative assessments (CFAs) were written.
Refinement has taken place over the last few years to make sure the CFAs are
designed in a way that truly prepares students for the summative assessment and to
ensure all assessments align.
All assessments include a variety of multiple choice, fill in the blank, and
calculated response items, in which all responses are correct or incorrect. The
assessments are compartmentalized in a way that each question or group of questions
directly ties to a specific learning target. Over the last few years, the assessments
have been revised based on commonly missed questions to ensure the wording of the
question is clear and that each question is truly assessing a student’s knowledge at the
level at which the learning target is written. The same assessments are used by all
teachers and given to all eighth grade science students. Data conversations between
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teachers take place after each assessment to identify where re-teaching needs to take
place.
Table 3 describes the details for scoring of the assessments.
Table 3
Assessments
Assessment
Changes Quiz

Learning Targets
LT 1.1 & 1.2

Score Range
0-10

Reactions Quiz

LT 2.1 – 2.4

0-18

Acids & Bases Quiz

LT 3.1 – 3.3

0-9

Unit Test

LT 1.1 – 3.3

0-70

Student achievement was measured by student performance on CFAs which
were given to assess learning targets as described in Table 3. Student performance
was also measured by scores on the summative assessment, which included all
learning targets within the unit. Three CFAs were given during the course of the
study as well as one unit summative test. Assessment scores were reported in
percentage of questions correctly answered. Eighth grade science teachers
collaborate on what is and is not an acceptable answer for each question. A Cronbach
alpha was run to determine the reliability of the CFAs and the summative assessment
after data were collected. Cronbach alpha for the four assessments ranged between
.59 and .73 with a mean of .65.
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Data Analysis
Data were analyzed using the Statistics Package for the Social Sciences, v
23.0 with an alpha level of .05. The independent variable (IV) was the type of lab in
which a student participated, a virtual lab or a traditional lab. The dependent variable
(DV) was the score on the assessments, either the CFA or summative assessment. To
analyze these data, ANOVAs were used to determine if there is a significant
difference between groups because the IV is nominal and the DV is scale. If post hoc
tests were needed, Tukey was examined if variances were similar and Dunnett’s C
was used if variances were different. In addition, ANCOVAs were run to adjust for
differences that may exist among participants in science achievement between the
control and treatment groups.
Summary
To conduct this study, two sections of an eighth grade science class were
randomly assigned as a control and a treatment group. The study took place during
one unit of study. Data were collected to determine student achievement. Chapter IV
reports the results.

CHAPTER IV
RESULTS
The purpose of the study was to determine the difference in student
achievement when virtual labs were used in the place of traditional labs. Students
engaged in four different labs during the course of a unit of study. The control group
participated in the traditional labs each time a lab was conducted while the treatment
group engaged in a virtual lab. To assess student performance, students engaged in
three common formative assessments and one summative assessment. All
assessments were identical in that students in both groups were given the same
amount of time to complete the questions and were scored using the same process.
This chapter discusses the statistical results.
Findings
H1: Students who use traditional labs will score higher on each assessment than
students who use virtual labs.
During the study, students engaged in four different lab activities. Each time
a lab was conducted, the treatment group participated in a virtual lab and the control
group participated in a traditional lab. At the end of the unit, all students were given
the same summative assessment. Data were collected once the summative assessment
was scored. To determine if there was a difference in student achievement, an
ANOVA was run on each CFA and the summative assessment. The results for CFA
1 were F(1, 62) = .67, p = .42, and η2 = .01. The results show there is not a
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statistically significant difference between the treatment (M =15.34 and SD = 2.90)
and the control (M = 16.00 and SD = 3.47) group scores. The results for CFA 2 were
F(1, 62) = 27.64, p < .001, and η2 = .31. There is a statistically significant difference
between the treatment (M = 8.13 and SD = 4.19) and the control (M = 13.09 and SD =
3.33) group scores, with the control group scoring higher. The results for CFA 3
were F(1, 62) = 5.81, p = .02, and η2 = .09. There is a statistically significant
difference between the treatment (M = 6.22 and SD = 1.91) and the control (M =7.19
and SD = 1.23) group scores, with the control group again with higher scores than the
treatment group. The results of the data from the summative assessment show F(1,
62) = 7.67, p = .007, and η2 = .11. The control group scored higher with a mean of
48.13 compared to the treatment with a mean of 41.31. See Table 4.
Table 4
Difference in Assessment Scores between Treatment and Control Students
n
M
SD
F
p
ƞ2
CFA 1
Virtual
32
15.34
2.90
0.67
.42
.01
Traditional
32
16.00
3.47
CFA 2
Virtual
32
8.13
4.19
27.64
<.001
.31
Traditional
32
13.09
3.33
CFA 3
Virtual
32
6.22
1.91
5.81
.02
.09
Traditional
32
7.19
1.23
Summative Assessment
Virtual
32
41.31
1.74
7.67
.007
.11
Traditional
32
48.13
1.74
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H2: Students who use traditional labs will score higher on each assessment than
students who use virtual labs after adjusting for differences in science achievement
that may exist between treatment and control.
Multiple ANCOVAs were run to adjust for the differences in science
achievement that may exist between the treatment group and the control group, using
the results from the summative assessment from the prior unit as the covariate. The
same assessment scores that were described above were used in the ANCOVAs, The
results for CFA 1 were F(1, 62) = .72, p = .40, and η2 = .01. There is not a
statistically significant difference between the treatment (Madj = 15.31 and SD = 2.90)
and the control (Madj = 16.03 and SD = 3.37) group scores. The results for CFA 2
were F(1, 62) = 20.00, p < .001, and η2 = .25. There is a statistically significant
difference between the treatment (Madj = 8.54 and SD = 4.19) and the control (Madj =
12.68 and SD = 3.35) groups. The results for CFA 3 were F(1, 62) = 4.47, p = .04,
and η2 = .07. There is a statistically significant difference between the treatment (Madj
= 6.26 and SD = 6.26) and the control (Madj = 7.15 and SD = 7.19) group scores. The
results of the data from the summative assessment show the F(1, 62) = 2.246, p =
.139, and η2 = .036, which was not statistically significant. See Table 5.
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Table 5
Assessment Scores after Adjusting for Differences in Science Achievement
n
Madj
SD
F
p
ƞ2
CFA 1
Virtual
32
15.31
2.90
0.72
.40
.01
Traditional
32
16.03
3.47
CFA 2
Virtual
32
8.54
4.19
20.00
.00
.25
Traditional
32
12.68
3.35
CFA 3
Virtual
32
6.26
6.22
4.47
.04
.07
Traditional
32
7.15
7.19
Summative Assessment
Virtual
32
43.28
1.33
2.25
.14
.04
Traditional
32
46.15
1.33

Summary
Data were collected to determine if there was a statistical difference in student
achievement when using a virtual lab as opposed to a traditional lab. Students
participated in four different lab activities. Student achievement was measured by
three common formative assessments and a summative assessment, and scores were
recorded so data could be analyzed. The results show, with the exception of one
CFA, there was a statistically significant difference between groups where the
treatment group scored lower than the control group. After accounting for existing
difference in science achievement there was not a significant difference between the
treatment and control group on the summative assessment and one CFA but there was
a statistically significant difference between treatment and control groups on two of
the CFAs. The next chapter discusses these results in further detail.

CHAPTER V
SUMMARY, DISCUSSION, AND RECOMMENDATIONS
Technology continues to become a more integrated part of daily life and the
classroom is no exception to this trend. As more school districts move towards
purchasing technological devices for students and programs and applications that will
enhance the learning experience, important decisions are made rooted in data and
evidence of effectiveness. In the science classroom, the cost to purchase and
replenish supplies to conduct labs can become expensive. Along with the expense of
lab materials and the shift towards utilizing technology in the learning experience,
many science educators are interested in utilizing virtual labs. The purpose of this
study was to determine the difference in student achievement when virtual labs were
used in the place of traditional labs in an eighth grade science class.
Summary of Results
The study examined the difference in achievement when virtual labs were
used instead of traditional labs during a unit of study. During the unit of study,
students engaged in four different labs. Each time a lab was conducted, the treatment
group participated in a virtual lab while the control group participated in traditional
labs. To assess student performance, students engaged in three common formative
assessments (CFAs) and one summative assessment. All assessments were identical
in that students in both groups were given the same amount of time to complete the
questions and were scored using the same process. Data were gathered and analyzed
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using an ANOVA for each assessment to determine the difference in student
achievement. According to the results, the summative assessment and two CFAs had
a statically significant difference in achievement in which the control group scored
higher than the treatment group; however, on one CFA there was no statistically
significant difference between groups. Using the same data, an ANCOVA was run
for each assessment to account for existing differences in science achievement.
According to the results, there was a statistically significant difference on two of the
CFAs in which the control group scored higher than the treatment group but on one
CFA and the summative assessment there was not a statically significant difference
between groups.
Discussion
In regards to the difference in achievement when using virtual labs instead of
traditional labs, there are several possible explanations as to the reasons for the
observed results. According to the results, there was a statistically significant
difference between the treatment and control groups in which the control scored
higher on all assessments except for the first CFA. Participants in the control group
engaged in traditional labs which tend to be more kinesthetic and collaborative in
nature than the virtual labs. According to Howard Gardner’s Theory of Multiple
Intelligences, students learn in a variety of different ways including kinesthetically
and interpersonally (Gardner, 1987). This kind of kinesthetic and collaborative
laboratory activity may address learning styles that otherwise tend to be neglected
during a typical explicit direct instruction lesson, which is the format practiced in the
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school district. During each lab, control group students worked in groups of three or
four while standing at lab stations with the ability to move around at their station.
Students collaborated to execute the lab tasks so data could be collected and
conclusions could be made. Instead of engaging in a traditional lab, students in the
treatment group worked on Chromebooks to engage in a virtual lab. During this time,
students worked with a partner while sitting. In the virtual lab, students used the
Chromebook’s touch pad to manipulate the materials on the device. In contrast with
the traditional manipulatives, this activity format is less kinesthetic by nature, and the
smaller group size resulted in less collaboration.
The exception to the advantage for the control group emerged on the first
CFA, Changes Quiz, where there was not a statically significant difference between
groups. The skill that was assessed on this CFA was a student’s ability to determine
if a physical change or chemical change had taken place in various examples. The
assessment was not rigorous and most students had a good understanding of the
concept. It is also worth noting that this was the only time two labs were conducted
prior to the assessment. It is possible because two labs contributed to such an easy
skill, one lab, regardless of virtual or traditional, could make up for the deficits of the
other.
After accounting for existing differences between groups based on science
achievement, results were confirmed favoring the control group on two of the CFAs,
but there was not a statically significant difference between groups on the summative
assessment and one CFA. There are a number of explanations as to why this was
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observed. The unit of study lasted for approximately 26 school days. During the unit
only four of those days were days in which students engaged in labs. The way in
which labs were used in the classroom was somewhat supplemental to the instruction.
For example, if half of the instructional days had included labs, the labs may have had
a greater impact on learning. The labs typically took place after initial instruction on
the related topic. Each lab followed at least one, if not more, days of explicit direct
instruction lessons and the labs were used to provide students time to interact with the
content in a different way. The labs were not used to introduce a new concept but
rather provided opportunities for students to make observations and engage in critical
thinking to explain their observations. By the time a lab took place, students already
had a conceptual framework and understanding of the topics being explored.
Though each traditional lab looked different from the virtual labs, all labs had
the same objective and learning goals. Though the path to get to the end may have
looked different, students were asked to draw similar conclusions and were asked to
make the same connections during the lab regardless of doing a traditional lab or a
virtual lab. Each time a lab was conducted the learning goal was the same for both
types of lab, and the learning goals were clearly communicated to students; students
knew the expectation of performance. Perhaps how the lab is conducted, traditional
or virtual, is less important than the types of questions to which students are asked to
respond, which create opportunities of higher-level thinking and reasoning, similar to
the results seen in Darrah et al.’s study (2014).
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Two of the assessments had a significant difference in scores in which the
control group scored higher than the treatment group. There are a number of
explanations as to why these results may have occurred. Choosing the appropriate
task to enhance learning is very important as some programs are more effective than
others (Zheng, 2014). It is possible there are some concepts and skills that are better
learned and understood through experiencing a traditional lab depending on the
objective. Both traditional labs and virtual labs have limitations (Pyatt, & Sims,
2012). Virtual labs do an excellent job in allowing students to see phenomena at the
microscopic and subatomic level. Looking at the learning objectives, the labs that led
up to the two assessments in which there was a statically significant difference may
have been more powerful in the traditional format as opposed to the virtual format.
Recommendations for Further Study
Further research should be conducted on the difference in achievement when
using virtual labs instead of traditional labs given the recent use of 1:1 devices in
science classrooms. Though data were not collected on student perceptions of doing
a virtual lab, many students were excited about participating in traditional labs. Less
enthusiasm about engaging in a lab was observed from the treatment group on lab
days compared to the control group. A qualitative study about student perceptions on
both types of labs could be conducted to examine student perceptions in regards to the
learning experience, enjoyment of the activity, and how well students feel the lab
prepared the individual for an assessment. Many studies have shown a correlation
between student achievement and differentiated instruction and/or student choice
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(Gamble, 2011). A study could be designed to allow for student choice and data
could be collected to determine the perceptions of students when given a choice to
engage in either a virtual lab or traditional lab in relation to how much was learned,
the level of enjoyment, and how well the lab prepared the individual for assessment.
A more detailed quantitative study could be also be conducted to identify
students’ various learning styles and determine if there is a difference in achievement
for each style of learning based on type of lab (Gardner, 2011). For example, it
would be interesting to determine if engaging in traditional labs or virtual labs had a
greater impact on a specific learning style compared to others. If the results were
significant, this would suggest Howard Gardner’s Theory of Multiple Intelligences
extends to digital environments. It would also stress the importance of differentiating
instruction.
This study was conducted only during one unit of study. Similar aspects of
the study could be repeated but conducted for a longer period of time and expanded
beyond one science classroom to determine if similar results are produced. A larger
sample size would allow the results to be applied to larger populations. Extending the
study would allow a variety of science units to be examined as some units of study
are naturally more difficult than others. Extending the study would also compensate
for the various phases of the school year in which students may naturally gain and
lose motivation.
Technology is being utilized more in the classroom and with that increase of
use it is important educators identify best practices so all students can learn at deeper
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levels. With the rise of demand for individuals to enter STEM careers it is important
science teachers are adequately preparing students to be both interested in and
prepared to enter such fields. A well designed lesson utilizing the right activities and
tools can inspire a student and help shape the future.
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Acids and Bases Virtual Lab was modified from:
Patangan, M. & Coronel, I. (2015). Investigating the pH level of the 11
different basic substances. Retrieved from
https://phet.colorado.edu/en/contributions/view/4099
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