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ABSTRACT

The purpose of this study was to establish if dedion exists in both student
achievement and self-efficacy through the applcatf technology-based instructional
approach in the laboratory environment of undenga#el chemistry courses. The achievement
of 52 college students in the southeastern reditineoUnited States was measured through one
posttest assessment. Following this assessmedérgs were examined through a self-efficacy
scale to determine preexisting thoughts of workimgn undergraduate chemistry laboratory
environment, as well as peer interaction. Accagljinthree separate college chemistry | courses
were used to generate data via a nonequivalentad@nbup design. From the three courses,
one class was labeled as the treatment group, wiglevo remaining classes were collectively
labeled as the control group. The treatment gweap made up of 22 participants, while the
control group was comprised of 30 participantsudgnts in both the control and treatment
groups completed the same laboratory experimeatgetwer, the control group used traditional
methods for conducting the laboratory experimeritdenthe treatment group implemented a
technology-based approach. To measure achievedsatyas gathered through the
administration of th&€onceptual Problems Gases TE&PGT). Self-efficacy was measured
through theCollege Chemistry Self-Efficacy Sc#BCSS. Results from both instruments were
shown through independent samples t-tests; furthernas reflected by p values, the
technology-driven application did not have a sta@dly significant difference on student

achievement.
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CHAPTER ONE: INTRODUCTION

Chapter one is a description of the use of a t@dgy-enhanced instruction method and
its effect on undergraduate chemistry studentsliedrat a rural community college in the
southeast United States. Included within this dpgon is the problem statement, rationale for
completing the study, and the significance thatstinely may bring to educational theory. The
research questions as well as supporting hypothéialso be discussed.

Background

Before the 1960s, science education and technalmhygot coalesce; however, due to the
Science, Technology, and Society movement spulyestience instructors who felt that these
venues belonged together, the separate conterst meshed (Avraamidou, 2008). Before this
movement, content was delivered to students afgdb through traditional lecture format- with
the teacher standing in front of their respectiupils while information was delivered.
Succinctly described in thidational Science Education StandartiBhe goal of science is to
understand the natural world, and the goal of teldgy is to make modifications in the world to
meet human needs” (National Research Council, 1928). These modifications have centered
much of their attention on the need to improversmeeducation through the infusion of
technology-based learning. Due to the causalioelstiip found between the use of technology
in mathematics and science education and the prommnt of developing higher-order thinking
skills, many educational systems have placed pyion providing the necessary tools to achieve
such a goal (Boujaoude & Jurdak, 2010). In Jur200f3, theAmerican Chemical Society
Committee on Educatiaralled for a meeting to examine how chemistry beisag taught at the
undergraduate and graduate levels. Their findingseyed that instruction in chemical

education should place more emphasis on the imriueid use of computer-aided assistance.
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Furthermore, the need for the implementation aéaesh technology in the field of chemistry
was deemed necessary (Xiufeng, 2006).

Therefore, from the melding of both science edocasind technology, science
instructors across the nation saw an opportunifurther engage science learners. To enhance
science education, these instructors began to exfile various methods by which science
content could be delivered at the hands of teclyicdd devices. To better understand how
technology could assist in the delivery of sciemstruction, it is vitally important to both define
and understand how technology is used in the coofescience education. A closer
examination of technology in the science classroomaboratory would yield terminology such
as: technology-enhanced applications, technologiedrscience, technology-enhanced tools,
technology-based instruction, data acquisitionesyst digital tools, and probeware.
Consequently, technology in this case is a narr@eenotation than simply labeling any
electronic device as technology because heretipsrto science education. Hands-on science,
as it is commonly referred, has been defined itouarways dependent upon the context in
which it is being used. For the purposes of thgearch study, hands-on science has been
defined as the student involvement in a laborasetying with the use of technology-aided
equipment via hands-on use. Therefore, the aptjgicaf a technology-driven approach to
teaching science within a laboratory setting isgeé@oward the use of digital tools to
experiment, collect, and analyze data. It is impee that a distinction be drawn between the
traditional laboratory format and one centeredhminclusion of technology-based tools.
According to the National Research Council (1996)storically, laboratory experiences have
been disconnected from the flow of classroom s@dessons. Because this approach remains

common today, we refer to these separate laboratqrgriences as ‘typical’ laboratory
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experiences” (Interactive Educational Systems Des1012). Again, it is crucial that the word
technologyin this case be understood to represent manyeiftéools that both teachers and
students use to gather data such as time (stop)vétafperature (probe), and pH (meter), and
that the integration of these tools as a technelmaged approach.

As examined, additional examples of such technologiyide microcomputer-based
systems (commonly referred to as MBLSs), data aditissystems (Vernier LabQuest), and a
range of probeware, meters, and sensors that tpliescribed data. These systems take
information that is being generated during a latmgeexperiment and records and analyzes it
(Probeware, 2005). Accordingly, the use of thentexchnologyin this research study refers to
any electronic device that is developed in ordallimy students to collect and analyze data
within a science-learning environment; moreoveis trucial that a distinction between hands-
on science and science as inquiry be made to uaddrthe role technology places in this
specific research design. In the bdoguire Within(2002), the author conveyed that inquiry
was a way science students could conduct sciemifestigations and experiments outside of
the normal recipe-style facilitation. In other wsr scientific inquiry within the classroom or
laboratory would allow students to design their amwrestigations and collect data through the
process of discovery. In this case, teachers woniyg help to facilitate the process of inquiry,
but the students would actually plan their own stigations and carry them out. While hands-
on science refers to students becoming engagedgarienentation through a literal hands-on
approach, it is important to discern that even ¢ioumquiry may be hands-on, not all hands-on
science is inquiry. For this research study, sttglenrolled in college chemistry | conduct
hands-on science, yet it does not fulfill the r@lenquiry because the instructor both supplied

the needed materials, as well as gave straightfarpacedures to conducting the prescribed
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laboratory experimentation; hence, a cookbook stpleroach at conducting science was used
(Llewelyn, 2002).

The first investigation to identify if probewaretechnology-driven tool, would affect
student achievement was conducted by Tinker and&ain the early 1980s. Their research
indicated that the presence of probeware was aiymsixperience within the classroom as it
helped children be able to grasp abstract concéptalence from their research provided that
the use of probeware was the “first indicationre power of kinesthetic real-time interactions to
lead to understandings of abstract representatigtesk, 2008, p. 35).

In 1987, Brasell reiterated the notions of Tinked 8arclay by stating that increased
student learning through the use of probewareghyaics classroom. As stated in the artidhe
Effect of Real-Time Laboratory Graphing on Learn@&gphic Representation of Distance and
Velocity(1987) evidence was given that the use of a menpuiter-based laboratory
implementation provided students with a greater@imension of distance and velocity within
only one class period (Brasell, 1987). After thiesigal studies were conducted, other
researchers placed precedence on the investigaititechnology-based tools for learning in the
science classroom. Russell, Lucas, and McRobb@3Pstated that the inclusion of probeware
enabled students to make more sense of the dataviére gathering. Furthermore, the display
that was generated by the probeware provided tltkests an opportunity for learning
enhancement. While most applications of probewsame aligned with recipe-style
experimentation, Royuk and Brooks (2003) also dleedrnot only an increase in student
learning from the use of probeware, but also atgresagnificance when used with inquiry-based
science investigations (Park, 2008). Another sindiuding Tinker in 2004 examined the use of

hands-on science through the use of handhelds laasyerobeware. The findings from that
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study pointed toward an increase in student acmew with inclusion of this type of
technology in the hands of both trained teachergeadisas students (Metcalf & Tinker, 2004).

Therefore, from the melding of both science edocasind technology, instructors across
the nation saw an opportunity to further engagerss@ learners. To enhance science education,
instructors began to explore the various methodsMtogh science could be delivered at the
hands of technological devices. To better undedsbew technology could assist in the delivery
of science instruction, it is important to comp#re newer, more modern technology approach
with that of the traditional science instructiomrfat.

As defined, traditional teaching or the delivefysoience instruction by traditional means
includes the use of lecture and laboratory sessi@hass sessions between instructors and
students were designed so that the instructorseteti content knowledge to the learner and the
learner used supplementary tools such as textidoalesnforce what the instructor had taught
(Pursell, 2009). This idea resonated not onlyhengistry courses but other science classes;
moreover, stand-and-deliver instruction was a nammong most facets of science education.
However, with the influx of technology into scienea@ucation in the 1960s, instructors began to
reassert teaching tools and with the help of ingubegan infusing technology-driven
applications into science education. Early notiohtechnology in science education included
such items as a video documentary, slide presentgtand even computer-aided formats to
deliver content (Champion & Novicki, 2006). Comg@uaided instruction was also made
famous during the 1960s as the field of educatieft@med this new, valuable tool for gathering
data in mathematics and physics (Culp & Castlehd®y1). However, useful though these

primitive forms of technology might have been, tlogy not include learning through the
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perspective of students fully engaging in contandugh the use of hands-on tools to collect and
process real-time data.

Appropriately, an article published by the Depamib@ Chemistry at Brown University,
recognized that students enrolled in chemistry sesiwould increase in performance if the
science they were being taught was made relevagititer their past experiences or the present
world. This notion of making the learning meanindfelped instructors begin molding their
instruction in the classroom and laboratory to gittedents a sense of real-world application.
Therefore, given the correct instruction couplethvaippropriate collection tools, chemistry
laboratories could offer students the opporturotgelve into pure research (Klara et al., 2013).

Though most universities and colleges across thiemstill employ cookbook style
instruction within their science laboratories, samedle and high school level institutions have
undergone a paradigm shift from the older tradaldeaching pedagogy to a newer, more
modern approach. The new approach stems fromathiocreform in formal science education
due to declining test scores as a nation, as wedhartages of qualified technicians in science-
related jobs. As described, current science etucakecutes its aim upon the inclusion of
technology-driven components such as microcomphdsed systems (MBLS), calculator-based
systems (CBLs), and an array of probeware and sefmodata collection. These data
collection devices afford students the opportutatplay the role of a scientist within school
settings. Because of the nature of data colle&y@tems, students are able to gain real-time data
from current laboratory experimentation that eacldent or laboratory group collects. Data
collected is then matriculated into the form ofiégsband graphs whereby students can make
general inferences about the science being condludtieis new form of technology allows

students to focus their attention on the extrapmiadf the data rather than being caught up in the

17



actual construction of graphs and tables. Theeetmecause much of the tedious note-taking and
graph construction is integrated within these nemnt of technology-driven peripherals,
students are presented with conditions that leadnmre thorough and personal learning
experience. Within inquiry-based science instargtstudents are given even more flexibility as
they not only collect and analyze prescribed expenits, but also have a hand in design of the
experiment (Trumper & Gelbman, 2001).

From an educational perspective, students of seienest not only be given rigor in the
classroom so that they will be prepared to meethiaienges in real-world scenarios, but they
must have the tools in hand to overcome thoseargdis. The intent of this research was to
examine the effects of those tools on student legnn postsecondary science environments. In
this context, technology and tools again must lbeticlearly defined as the scientific
instrumentation such as probeware and sensorarhaised by students to conduct research and
carry out principles of learning within various esace classes.

The theoretical framework of the proposed resedesign is predicated upon the
sociocultural theory and postulates of Lev Vygotskiygotsky’s idea of learning was based
upon the concept that for learning to occur, aaaoiperience would be necessary for cognitive
development; moreover, through an amalgamatiom@abkand cultural experiences, a person
would have the tools to gain knowledge (Ramdast2R0Thus, the interaction of student
groups within a science laboratory setting will naty place significance on the interaction
between each individual and prescribed sciencacgian, but also between the groups
interacting with the science.

Sociocultural theory will also assist in the visimithe research design because student

learning will not only hinge upon meticulous peaeractions, but also on the interactions
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between each student and the technology. In aeagxamining the influence of sociocultural
theory in science education, it was made clearaghan though the awareness of sociocultural
theory was present, the implementation of the §is@spects in science teaching was limited.
For students to learn through a sociocultural lezeghers would need to shift the ideas of the
theory into practice within the classroom settiBgrigmin & Sung-Jae, 2012). In an article on
learning science in a virtual setting, it was dexaat that students should be presented with a
framework of sociocultural theory. This framewaevkuld provide structure, often referred to as
scaffolding (Ramdass, 2012).

The sociocultural theory originated from the wooks/ygotsky, as he believed that
individuals learn from their social environment&urthermore, as children grow and learn they
are not only influenced by societal factors, babgdlace influence upon the society in which
they live. Examining sociocultural theory will peio understand how student interactions foster
cognitive growth or disconnect (Hsi, 2007). Furthere, as students work collaboratively to
conduct laboratory investigations at the undergagellevel, they will be required to draw from
their prior funds of knowledge in order to scaffolew learning experiences. In an article
published in the journal dfigher Education Research and Developm#m authors noted that
Vygotsky believed that the way in which people tesrnot derived from mere social interaction
but how individuals respond to the social inter@ttihat they come into contact with. The
outcome of these learning experiences would affadividuals more opportunity for critical
thinking (Wass, Harland, & Mercer, 2011).

This study proposes a quantitative approach wheaayasi-experimental design was
implemented through simple parametric analysise flan for this study was to examine the

impact that a technology-driven application mayéham student achievement and self-efficacy.
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Problem Statement

Clearly, research has shown that the incorporati@tience-based technology has
received positive findings. From scientific prolae and handhelds, to other forms of data-
collection instrumentation, instructors now havse#ter opportunity to further engage students’
learning experiences in the science setting. Afplesent, multiple research studies have been
conducted on the infusion of technology-based ucsitbnal tools and the baseline data from
those studies has revealed that student engagamexperimentation as well as overall
academic performance received promising commergg(let al., 2000; Pullano, Garofalo, &
Bell, 2005; Brunsell & Hrejsi, 2010). However, ttesearch has also shown that additional in-
depth work should be completed, as there havelmdy a limited number of studies
surrounding the use of technology-based instruaiibhin the science classroom as well as the
actual nature of laboratory awareness (Thomas, WeEn& Po-keung, 2004; Higgins &
Spitulnik, 2008). Accordingly, educational instians have agreed that the role of the
undergraduate chemistry laboratory is imperativettolent learning; however, current research
has shown that it may not be the agreement thdabogatory is important but how effective the
laboratory is in creating a positive learning exgece (Brewer & Cinel, Harrison & Mohr,
2013).

The majority of the research that has been conpletethe inclusion of technology in
science education has taken place within classroanging from elementary to high school.
Most colleges and universities still maintain trent of the instructor delivering content while
students work to scaffold learning. Undergradisatence classrooms have had little to no
experience with the inclusion of a modern scierthecation platform, namely technology-

enhanced learning within science laboratories.s Toes not give reference to the general use of
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technology, as one would define it in a generatserMore general technologies such as email,
cell phones, and computers, are used effectively daily basis by students of all ages;
however, highly savvy as students are, there resralarge variation when it comes to students
using science-labeled technologies (Kennedy e2@08). A need for more in-depth studies is
necessary to not only ascertain the effect thaintfusion of technology has on the
undergraduate levels of science education, buthedsothose involved in the delivery of content
might gain support in their use of technology (Rt Hennessy, & Brindley, 2004).
Therefore, it is crucial that additional researehcbnducted at undergraduate levels of science.
Purpose Statement

The purpose for this research study was to exathmeffects that may exist when a
technology-enhanced teaching method is used witbgeochemistry students within a
laboratory context. The discernment of the efféitéd may be found from the inclusion of a
technology-driven science application was examtheaugh the implementation of two
validated research instruments. The first instntnredesigned to extrapolate any differences
that may exist in student achievement. The instnirthat will be used is t@onceptual
Problems Gases TegEPGT). All students in enrolled in college chstry | also completed the
College Chemistry Self-Efficacy Scalger the completion of the gases posttest. Simedocal
point of this research is centered on differenbasmay come from the application of a
technology-driven methodology within the chemigétyoratory, it is important to reiterate that
this study was not designed to investigate thesobasn; therefore, normal classroom practices
such as lecture and discussion were outside thedaoies of this research study.

As per research design, community college studamislled in college chemistry | had

the opportunity to work with scientific instrumehtan to gain first-hand knowledge of what
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science is, what science is not, and to expand tineilerstanding of how science happens outside
of the school parameters. As the goal of sciedoeation is to prepare individuals to be
productive citizens of tomorrow, it is vitally impgant that science students be given the
opportunity to interact in such learning environseio bridge the gap between science
instruction and the principles of real-world apptions of science. Obviously, it is not enough
to place technology in the hands of students witlaotlear guideline of how the technology
should be used effectively (Papanastasiou, Zemp&l&sasidas, 2003). Moreover, the motive
behind the inclusion of technology in science etlopas to help students succeed in
understanding science content rather than simphipg technology for the sake of technology
(Wan & Gunstone, 2003). Thus, the purpose withis tesearch study will be to provide any
evidence for either the inclusion or exclusion ¢¢ehnology-based instructional approach to an
ever-expanding body of knowledge in science edocathoreover, evidence will provide both
administrators and instructors the opportunitydjust their curricula accordingly.

According to theNational Science Education Standards (NRE96) students should be
given the opportunity to use technology to pracsicence through collecting data, learning to
calculate functions such as range, median and waldes and analyzing evidence (Bull & Bell,
2008). The proficiency with which science studertisze laboratory equipment may be directly
proportional to their overall learning experiend¥ith little research having been conducted on
the effects of technology-enhanced instructionughothe manipulation of hands-on tools at the
undergraduate level, this study will become paramauits efforts to collect significant data to
further support or refute a technology-geared peggpg Certainly, educators will want to

provide learning in the form that is most condudivéhe student. Creating an environment of
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learning will hinge upon students’ responses tcoaemeal-world approach to conducting
laboratory investigations.
Significance of the Study
For a research study to gain merit within its extpve field of study, that research study
must be able to provide empirical evidence thduegivalidates or refutes a specific concept.
This study is worth examination because today’'destts are technology-driven. Earmarked as
digital natives, students presently enrolled ineg®s and universities possess the understanding
of general technology found in computers and varjperipherals; therefore, the opportunity
exists through highly specialized collection toolshe background of science education. Days
of traditional stand and deliver modes of instroictare no longer as effective, as students
require an almost entertainment style of instructioorder to compete with fast-paced
marketplace technology. Consequently, this stadyf importance due to the fact that possible
outcomes may prove which pedagogical methods mawdre effective within the
undergraduate chemistry classroom. This studisssgnificant because there have been a
limited number of formal investigations on the v$éands-on science and its effect on student
achievement and self-efficacy at the communityegmlor undergraduate level (Higgins &
Spitulnik, 2008). Furthermore, this study provideguantitative view of how current
community college chemistry students immersed @s@nt-day instruction perform with the
inclusion of hands-on science. Because of thdteestithe study, college administration and
faculty can make adjustments to instruction forlibderment of both instructor and learner.
Resear ch Questions and Null Hypotheses
RQ1- Is there a difference in the achievement scbeéween college chemistry students who use

a technology-based application to conduct laboya&perimentation, and college
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chemistry students who do not?

HQ - There will be no statistically significant difence in the means &fonceptual
Problems Gases T@E¥GT) scores for the treatment group, which used a
technology-based applicatiotaboratory, and the control group, which did not
use the technology-basedieatbn.

RQ2- Is there a difference in self-efficacy scdresveen college chemistry students use a
technology-based application to condabbratory experimentation, and college
chemistry students who do not?

HQ - There will be no statistically significant difence in the means Gfollege
Chemistry Self-Efficacy Sq®@€SS scores for the treatment group, which used a
technology-based applicatiotaboratory, and the control group, which did not
use the technology-based appbn.
Identification of Variables

In research question one the dependent variabledeasfied as student achievement as

measured by a posttest that was given after twardabry experiments have been completed.

Final achievement scores were ascertained thronglistinct, research-validated posttest. The

Conceptual Problems Gases Testasured student achievement for the gas lawsrdaaries.

The instructor involved in the study provided tlostpest at the appropriate time in the research

plan. The posttest was a formal assessmentgasdmpassed each of the two different

laboratory experiments that were given after lectiad been completed; furthermore, the
posttest was delivered in multiple-choice formabtigh the college’s Blackboard system. The
independent variable identified in research quastize was the method in which the students

carry out laboratory experimentation. Furthermdne,independent variable for this research
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plan was the implementation of the treatment thinaihg use of technology-based laboratory
equipment. Students in the treatment group coedusach of the two laboratory experiments
using a technology-based design, whereas studetits icontrol group conducted each of the
two laboratory experiments without the inclusiortexfhnology but through traditional

laboratory methods. Students represented the d@mnbop always used traditional equipment
throughout the research study. Likewise, studepeesented the treatment group always used
the technology-enhanced equipment. Thereforept@pulation of the method by which the
students conducted the laboratory experiments iastlependent variable. In other words, the
independent variable for this research plan waslésggn in which the students carried out each
of the laboratory experiments.

In research question two, the dependent variabkidentified as the observance of self-
efficacy of students toward science at the seltafly scale. Both treatment and control groups
took theCollege Chemistry Self-efficacy ScBECS$S after the completion of the posttest to
gather information. The self-efficacy or dependeriable was ascertained through the
manipulation of the independent variable; in tlase; how the students conducted both

laboratory experiments.
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Definitions
Hands-on science as defined, hands-on science eludes studemtsrigahrough their
experiences coupled with the manipulation of theab there are examining (Holstermann,
Grube, & Bogeholz, 2010).
Microbased-computer laboratof§VIBL) — as examined, microbased-computer laborasor
(commonly referred to as MBLs), are systems tha taformation that is being generated
during a laboratory experiment via a computer fate and record and analyze it. Also known
as data acquisition systems, microbased-compuierdéories utilize probes to gather
information being generated by scientific experitaéon (Probeware, 2005).
MKO - acronym used to describe a more knowledgeabéx.o®pecific to Vygotsky's
sociocultural theory, enore knowledgeable othes “someone with more knowledge or a
greater understanding of a particular task or getkan the learner” (Cicconi, 2013, p. 58).
a person that has a greater understanding of a gmecept than someone else.
Probeware- refers to handheld devices that enable studemisllect real-time data such as
temperature, light, motion, pH, and voltage, wialéhe same time being able to think about the
changes that are happening as they happen (S2AHE).
Sociocultural theory- refers to the theory developed by Lev Vygotskthie early twentieth
century to describe the cognitive development dflotn. Vygotsky described an intimate
relationship between learning and the interacttbas occur between social groups; furthermore,
significance was placed not only on how societiugriced the development of the learner, but
also on how the learner influenced society (Mal®99).
Technology-enhanced instructieras it pertains to the science laboratory formedigrs to the

application of technology-based equipment suchiasocomputer-based systems and
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probeware. Itis an attempt made by studentsgagmdirectly with scientific experimentation
through an educational setting; students’ direedvivement would include manipulation of
certain objects in order to procure knowledge (Adsryilmaz, 2011).

Traditional laboratory— as it pertains to the science laboratory forttat term refers to the
application of typical laboratory equipment to cantlexperimentation without the use of
technology-enhanced applications such as microcteryased systems and probeware
(Interactive Educational Systems Design, 2012).

Zone of Proximal Developmentthe zone of proximal development is "the distalpetween the
actual developmental level as determined by indégetproblem solving and the level of
potential development as determined through prolslelving under adult guidance, or in

collaboration with more capable peers" (Vygotsig7d, p. 86).
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CHAPTER TWO: LITERATURE REVIEW

This chapter will begin with an analysis of theremt perspective of science education
and the need for reform. Afterward, a short histafrthe science laboratory will be investigated
followed by an examination of a technology-basegragch to the instruction of science in
laboratory settings. Next, the format of the scestaboratory will be examined through the lens
of both traditional and modern applications as dbsed from a review of the literature;
furthermore, both the positives and negatives ohdarmat will be discussed. Then, the
theoretical parameter of sociocultural theory Wwél discussed and its implication on this
research effort. Finally, the chapter will endiwain observation of future pedagogy in science
education.

Current Status of Science Education

One of the mainstays of science education hasibeprime directive: to create learning
that inculcates scientific literacy. In other werthe focus of science education was developed
to create well-rounded, well-informed citizenryegted in scientific understanding. For years,
the objectives of the scientific community incluglitihe role of education have outlined that for
science to become a dominant part of society ittimsimence from the level of the learner.
The push for science literacy resonated within atlanal institutions as the field of education
became more in tune with the needs of its constitueClearly, thé&lational Science Education
Standards (NSE2012) have provided a coherent plan for the implaaten of science
education at all levels of learning. The guidimopgiples that have been set forth within these
standards have not only assisted teachers in afjgmith contemporary science pedagogy, but
has also given an opportunity for students to canshew learning in order to achieve science

literacy (National Research Council, 1996). Aduially, the efforts of science literacy have
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emphasized that science should be treated as agsraather than a list of facts given to
memorization (Jonassen, 2006). In efforts to aehgientific literacy, science teachers have
placed great precedence both on the quality of thsiruction within the classroom, as well as
the necessity for students to gain important skillhe science laboratory such as following a
procedure, observation, including measurement, ddtection, and data analysis

As stated in thédmerican Association for the Advancement of Sci€z@@1),

“Achieving scientific and technological literacyrfall students is a goal of recent science
education reform efforts” (Dana et al., 2001, p7/)37Certainly, this call for reform is based on
the premise that technology has brought about ehamyis transformation has come about due
to the increase in scientific know-how and has &a@&normous impact on society as well as
classrooms. As evidenced in the literature, sttedehtoday are media-immersed in uploading
and streaming videos to downloading music and bimgdoday’s students have never known a
world without the Internet, and therefore are neférto as digital natives (Parks, 2008).
However, as technologically savvy as they may ésgarch has also shown several gaps that
will be the foci of this proposed study (HigginsSpitulnik, 2008; Hudgins et al., 2003; Parr,
Jones, & Songer, 2004; Kim, Hannafin, & Bryan, 20®&lopfer, Yoon, & Perry, 2005).

One of the primary gaps derived from current s@esducation research is why certain
areas that incorporate hands-on science still édugnol on nationwide assessments. Nag&onal
Assessment of Education Progréd&\EP) measured the proficiency of science leayriiom a
sampling of 122,000 eighth grade students from@ hools across the nation. The
examination assesses students’ comprehension thrée distinct areas of earth and space

science, life science, and physical science. Roates from the assessment were matriculated
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into a report known as thation’s Report Card The data analyzed from the assessment
revealed several interesting facts about the ctstamding of our science education system.

First, scores in 2011 were higher than in 2009n¢@mpared across the board in all
areas measured except for the highest-performudgats. The rationale as to why the higher-
level students did not make gains was not reporfétk results also yielded that educators were
able to close the achievement gap among both BladkHispanic students between 2009 and
2011. Students from all socioeconomic levels stbirgher than in 2009. Specific to the
assessment was a questionnaire that examined teachtheir use of hands-on activities in the
classroom. They were asked about the frequenbgrmds-on projects; furthermore, there was a
direct correlation between the frequency of prgecatd achievement posted by students. The
more frequently teachers provided a hands-on legramvironment for their students, the higher
the students scored on the assessniMdatiqnal Center for Educational Statistjcd012). Even
beyond the United States, other countries, sud¢foasa, have shown downward trends in the
implementation of science learning. According tesearch study conducted on the efficacy of
science laboratories within high school level sceenlasses in Korea, researchers reported that
the science laboratory was inconsistent with presdrcurricula (Fraser & Lee, 2009).

Reasons have been given as to why gaps exist @etwstruction and achievement.
Barnes et al. (2010) stated that for studentsamleffectively, the perceptions that they carried
must change. In other words, students must betalskrognize that the inclusion of technology
would serve to deepen their understanding of sfieobncepts; moreover, their readiness to use
technological applications in the classroom andiatory must reflect a positive attitude thereby
closing the gap between how students live out$idesthool and how they learn within the

school. In the articl&he Effects of Problem-Based Learning InstructiorUmiversity Students’
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Performance of Conceptual and Quantitative ProblemSas Concepighe author described
that students’ performance in the classroom is s§omes due to motivation, and at other times it
is because students do not have the ability needexiamine science with a deeper
understanding than simple factual information; ¢fiere, the use of technology has been an area
in which educators hope to deepen students’ uratedstg (Bilgin, Senocak, & Sozbilir, 2009).
Irving (2005) included that in the use of techngl@gnong first year chemistry teachers over
half of teachers during a five year time period wlid receive any training in the use of
technology. Therefore, the lack of professionaledi@oment was directly proportional to the
lack of learning achievement of their studentse irffusion of technology into the classroom
has been hinged upon not only the teacher’s knayeled the technology, but also the efficacy
with which the teacher is able to incorporate leagrthat is effective. Therefore, for hands-on
learning and the use technological tools to becéffe in science instruction the teacher not only
needs to know how to use technology, but also kwben to infuse technology into the science
curriculum. With the teacher having the necespagparation for using technology, the
foundation for integrating technology into sciemckication will have been laid. Teachers must
receive proper training for the use of technolaghave beneficial results within the classroom
alongside becoming an integral part of the edunatiexperience (Dani & Koenig, 2008).
Another reason that has been given as to why atdotpy-based approach to science education
may be limited is found in the fact that not alld#nts have equal access to the tools needed to
conduct experimentation (Hudgins, et al., 2003)rtltlermore, because of technical errors and
malfunctions associated with some devices, reseesdtave become wary that the tools
designed for increasing student comprehension roafpand teachers’ efforts (Kim et al.,

2007).
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Science Education Reform

As both national and local reform movements hawnbrade in how science education
delivers its content, teachers have had to undeigjoft in their respective teaching methods to
acclimate to these new standards. Perhaps, macdlydes that have had to refocus their
instruction were those who carried the notion tiehg able to use technology was too complex.
Furthermore, teachers were intimidated to depdft mormal pedagogical practices and shift
toward a more technology-based approach to clagsmastruction (Higgins & Spitulnik, 2008).
With national science standards incorporated intenee educators’ teaching, those instructors
had to adapt to the arrival of not only calls feform, but also an influx of new, technologically
savvy efforts to deliver science to all studenkhis shift was paramount, as more prominence
was placed on science students becoming modelbatftive field of science recognized as
science professionals in the workplace. Many teectvere asked to implement laboratory on a
regular basis with technology-driven applicatioeslg the standard. Before the incursion of
technology, many science instructors delivered raostent within the classroom; however,
some students never received any real sciencedivgrexperience at all. Students who
received science laboratory experience were givgimes of the actual laboratory experiment
and asked to follow a step-by-step method of cotimgehe experiment. The aims of this type
of laboratory pedagogy were constructed to givdestts time to work in a laboratory setting as
well as confirm theoretical content that had beelivdred prior in the classroom (Reid & Shah,
2007).

Therefore, until the paradigm shift in pedagogyesce laboratories were simply
checkpoints where students fulfilled course requests by completing cookbook-style

laboratory assignments. However, since the tedgyanovement that began in the early 1960s

32



in education with the inclusion of computer-basestruction, teachers have undergone a
transition in their teaching styles. Because pr@nce has been placed on student involvement
in the laboratory, it is imperative that the intgrans within student involvement be examined.
As described in the articlehe Effect of Data Acquisition-Probeware and DibWadeo Analysis

on Accurate Graphical Representation of Kinetica idigh School Physics Clag2010),

students must gain expertise in the applicatioledfnology in order to acclimate to current
notions of being science literate (Struck & Yerri2k10).

In Media and Method<2005), the authors conveyed that for students tsulbeessful in
the 2F' century they must possess the proper knowledtfeeafsubject matter alongside
enhanced skills. Therefore, the incorporationcddrgtific technology into their curricula would
serve to better prepare students for life outsideebool because students are more motivated
and according to research, have achieved highesdeses (Lento, 2005). Thus, the
responsibility has been given to administrators t@adhers to examine the benefits that
technology brings to education, adapt to pedagbgiwé technological changes, and incorporate
effective strategies into learning environmentsduaive for today’s students.

However, specific to a technology-driven approgcscience, one body of research as
stated by Yarnall, Shechtman, and Penuel (2006)acledged that in the use of handheld
computers there had been insufficiency in the meaif assessments to truly examine the
learning that was taking place within classroontirsgt They further added that if assessments
were not made appropriately, then the goal of nl@iiry process would be destabilized in its
implementation. Therefore, this research statatlittassessments do not correlate with what is

being taught then there is a misalignment of tapplication. Voogt (2008) included that there

33



needs to be a clear connection between the howademy is used and how it is interpreted by
their students.

As mentioned previously, progress has been madeiémce education according to
statistics generated and published byNlagional Center for Educational Statisti(z012).
Nevertheless, there are still areas of concentratéscribed in this review of literature that
warrant a deeper examination of why the achievemestme students, such as the case in
Alabama, still lags behind the natiddgtional Center for Educational Statistjcd012). Tyler-
Wood (2000) included on a larger scale that theddinStates when examined through the lens of
theThird International Math and Science StudyMSS) failed to meet a high standard of
performance by only outcompeting 2 of the 21 cdastin mathematics and science. The
comparison used to complete this sample was thesbiesice students that the United States had
to offer.

As noted in the articlgvhat Faculty Interviews Reveal about Meaningfulrbesy in the
Undergraduate Chemistry Laborato(2013), there has been a widespread consensus of
undergraduate chemistry faculty that the role #ttatory plays in student learning is pivotal in
their final outcome (Bretz et al., 2013). Notechgents of change, instructors have been
assigned the responsibility of deciding what sgi&te are needed to help reform or even replace
older science education pedagogy. Furthermorearel has clearly conveyed that before
science education can change, the teachers otsamust change (Mansour, 2010). As current
science reform pushes for the inclusion of techgwlwithin science laboratories to increase
scientific literacy, new pedagogical practices nmhestnfused to meet those challenges. In the
articleUsing a Personal Response System as an In-Class#aent Tool in the Teaching of

Basic College Chemistryhe authors noted,
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Instructors across varied disciplines are realizihggpedagogical value of these systems,
including greater student engagement with lectorgent, interactive participation in
presentations, increased student understandingdofmativation toward learning course
material, higher class attendance, enhanced subjeotst, and improved examination
performance. (Chen & Lan, 2013, p. 33)

Consequently, scientific literacy provides not oalgateway to scientific advancement
within specific niches of academia, but also affottte opportunity for job growth in the
economic infrastructures of the world (Oludipe & ékoy, 2010).

Historical Summary of the Science L aboratory

The use of the laboratory as a supplementaryreatiuscience teaching began in the
early 1800s. Instructors felt it was necessanyrtvide laboratory experimentation to students
because they would eventually occupy highly skibbedupational roles in industry (Reid &
Shah, 2006). Hands-on science and the activhigsstudents have completed within this type
of instruction mode is not a new teaching methdgdstorical records have indicated that students
have engaged in hands-on activities since the 18808she movement of various educational
systems such as the Russian system and the Slstghs{Sianez, Fugere, & Lennon, 2010). In
the late 1960s and early 1970s, hands-on sciensdonad to exist in more simplistic forms;
however, the dynamic in which hands-on science fake then compared with now is much
different as technology has provided great advaecesnAtes & Eryilmaz, 2011).

By the 1980s, advancements in computer techndiagysurfaced and made it possible
for scientists to engineer equipment that woulclble to collect data using equipment made at a
lower cost. More costly equipment was alreadylatée but schools systems could not afford to

purchase such items, especially to complete miniateratory assignments (Stager, 2000). The
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advent of cost-friendly equipment afforded schdbésopportunity to shift from hands-on
science activities that were in nature simplistid amade from common everyday gadgets, to
real-world scientific collections that would mirrmrstrumentation used by real scientists.

By the turn of the Zlcentury, technology had become so highly develdbatseveral
companies were now responsible for producing laboyaquipment that would log, record, and
analyze data for student use. This became bealeticteachers and students alike because it
gave them a powerful means of implementing hande@ming into their classrooms as
evidenced in a statement by Bigler and HaneganO)2@iat the heart of learning is located
within hands-on learning. From elementary to g#léevel science, research has shown that
learning takes place when advancements in techndélogrish.

However, these efforts have been dampened as amhalaeports have shown various
groups of students in the US still continue to selydag behind in educational progress. Older
assessments, such as Naional Assessment of Educational Progresported that the scores
of 13 year-old students enrolled in science counsse the same in 1994 as they were in 1970
(Sutman et al., 1997). More current assessmerdsi@fice instruction have revealed that
science students are still behind in their retentibcore scientific concepts. TA&MSS or
Trends in International Mathematics and Sciencealptiound that in 2011, US students enrolled
in the fourth grade saw no statistical differencéhieir learning between 1995 and the 2011
assessment. Furthermore, the same assessmentagHttsgrade students found little
improvement as well (Provasnik et al., 2012).

Due to such disheartening results, both nationdllacal reform movements have been
made in how science education delivers its cont@uirrent reform has highlighted the need for

teachers to realign many of their classroom prastto become better prepared to provide
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instruction that mirrors the new standards. Thsrall shift in teachers’ respective pedagogical
practices has also been called for in order toymwed nation of scientifically literate citizenis
order to produce vitally functioning students oksce, research has clearly outlined that
providing students with more meaningful instructrast only in the classroom, but also in the
laboratory was crucial. Hence, the effectivendsnandividual school or school system is
dependent upon the educational measures thatkame @idighfield, 2010). Some teachers that
have been called upon to reorganize their instvaattere also those who were taught in teacher
education courses, as well as professional devedopsessions, that science education was
about teaching science to the general school popu@hout focus on real-world applications.
The notion ofscience for allwas instilled within the hallmarks of content aely but also with
it came scientific literacy. The goal of publicuedtion has been and will continue to be to
provide educational constructs for the bettermémilconstituents. The ideology of educating
the masses has been the framework upon which edi@gphilosophies have been constructed.
However, in order to construct a framework by whadlrscience students would become
scientifically literate, it became paramount thaeasce instruction be delivered through the lens
of discovery. Accordingly, a case study conduetétl urban elementary students that were
labeled at-risk, provided feedback that even thatgbents have the ability to learn, if they
were not provided a suitable framework on whicledastruct underpinnings of larger science
concepts, they would not be successful in devetpfhie critical thinking skills needed to
become literate. However, students who were giregdom to devise their own learning
strategies were able to understand science consiptsome success. Allowing students to
become engaged in science discovery learning lmagnspromise that students can learn more

difficult concepts if allowed to engage in learniwgere they possess the tools to explore (Lee-
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Pearce, Plowman, & Touchstone, 1998). The creati@gamore meaningful learning
environment has conveyed that scientific practibas are found outside brick and mortar
institutions must be reflected within these ingitas to create learning that is logical. Students
have rarely been given the opportunity to inteveith experiments from the guise of a
researcher. On an even more rare occasion hacecstudents been allowed to critique the
efforts of peers within a scientific setting. Thagidents have been limited not only with
developing new ways of critiquing their own workitlfrom that self-inspection the
comprehension of abstract thought (Shen, 2010).

With national science standards incorporated intenge educators’ teaching, those
instructors had to adapt to the arrival of not ardils for reform, but also an influx of new,
technologically savvy tools to deliver science icstudents. Data provided through the
National Center for Education Statisti(®012) has reported that the presence of the campu
both homes and schools are commonplace. In add@icomputer presence, the Internet has
been made readily available where most computerkaated (Capobianco & Lehman, 2006).
The presence of this general form of technologygdnasided the field of science education an
opportunity to realign its standards to reflectteomporary applications. Furthermore, because
the current generation of learners grew up alorggid birth and growth of the Internet, the
skills needed to use Internet-based applicatioes dot require much additional training. This
generation has been referred to as digital natives.

This shift was paramount as more prominence waseglan science students becoming
models of what the field of science recognizedcaanse professionals in industry and also the
workplace. Many teachers were asked to implenaddrhtory experiences on a regular basis

with technology-driven applications being the stmad Before the incursion of technology,
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many science instructors delivered most conterftivthe classroom; furthermore, some
students never received any real science laboratqegrience at all. Even though school
curricula for various science classes called ferithplementation of hands-on learning within a
laboratory setting, many teachers shunned the meiiber because of lack of professional
development, shortage of tools, or even constraliaised by standardized testing (Klopfer,
Yoon, & Perry, 2005). Students who received s@daboratory experience were given outlines
of actual laboratory experiments and asked to ¥olostep-by-step method of completing the
experiment. The role of the teacher became miniasatheir role and responsibility was to just
provide laboratory equipment and limited instruatiol he aims of this type of laboratory
pedagogy were constructed to give students tinveotst in a laboratory setting as well as
confirm theoretical content that had been delivgneviously within the classroom (Reid &
Shah, 2007). Therefore, until the paradigm shifigience pedagogy, science laboratories were
simply checkpoints where students fulfilled cousguirements by completing cookbook-style
laboratory assignments. The focal point of thabetatories was not for students to gain an in-
depth understanding of the abstract concepts enmeldedihin the lab, but to learn to correctly
manipulate equipment in order to produce resulis\would be deemed acceptable for the
prescribed experiment.

However, professionals began to notice that stwdeate not progressing at the same
rate as technology, In Thomas Kuhiilse Structure of Scientific Revolution1962, he brought
forth the concept of change in that scientific atheanent was “a series of peaceful interludes
punctuated by intellectually violent revolution&apata, 2013, p. 779). Until this time, students
received direct instruction and were asked to fir@lanswers to the questions with which they

were presented. But with the technology movemuaitihegan in the early 1960s alongside
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Kuhn’s book, the field of education for the verstitime saw the inclusion of technology in the
form of computer-based instruction. Teachersafdhefront of their profession began to notice
the benefits of providing students with alternattmods of learning; moreover, their teaching
styles became a subject of transition from starataeliver methods to ascertaining the role of a
facilitator in their students’ learning experiencd®achers then became responsible for building
a platform that would align the newly found stamtsawith the influx of technology (Parr, Jones,
& Songer, 2004). Because prominence was now fogusn student comprehension in the
science laboratory, it became a priority for teastie examine their teaching strategies, procure
those that were effective, and eliminate unprodeatines. Consequently, teachers began to
elucidate cause and effect relationships surrogndamious forms of instruction. Through
analysis of trial and error attempts to identifglagogy that would increase student
comprehension, instructors realized that studentddvacclimate to the expectations of the
teacher. Hence, the achievement level of studemtdled in science coursework was directly
related to the expectations of the teacher (Lawetra., 2009).

The use of a technology-minded approach to laborétwestigation according to a
review of current literature found that the use¢eahnology-driven methodologies in science-
based applications has brought a new way of exglabstract ideas. Through the use of hands-
on tools, instructors have been able to supplethent lectures with quality laboratory
experience. Within the confines of the sciencelatory, students have been given the
opportunity to assume the role of a scientist bggitools that are reflective of those found in
scientific occupations. In addition, the applioatof these tools, such as microcomputer-based

systems, have not simply been infused into scienaesework for the aim of replicating real-
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world settings only, but also purpose of enhanaing supplementing classroom instruction
(Siew Wei & Hussain, 2011).

As discussed in the literature, research has slioatrthe use of technology-driven
methodologies in science-based applications hagjbt@a new way of exploring abstract ideas.
By providing hands-on tools, instructors have baiele to replicate the role that scientists play in
real-world settings. Specifically within laboragasettings, students have been given the
opportunity to assume the role of a scientist bggisools that are reflective of those that are
found in scientific occupations. However, studearigaged in scientific learning at the hands of
technology have not done so alone. Research loasmdhat students who work together in
groups are more likely to have success at reachthgeshold of comprehension than if they
were to work alone. The social interaction amoegrp has been shown to be a productive
feature of laboratory group work. Once placedrougs either by chance or directive, students
conducting science experimentation have been icitirasked to socially interact to perform
intellectual functions. Krusberg (2007) referredhis arrangement of social as well as cultural
blends as social learning. In social learninggstiis have been required to become a team to
carry out exercises and complete higher-order thqhgonstructs; moreover, the success of a
member of the team may depend upon input from geahber. Therefore, if an individual has
participated within a group, that individual haay#d a vital role as a group member or societal
figure. From this stance, the theoretical framdwairthis research study has been identified as
the sociocultural theory. The goal of science atioa is to prepare individuals to be productive
citizens of tomorrow. Thus, the theoretical franoekvof sociocultural theory has been chosen
as the construct upon which student learning aligefecacy within the science laboratory

setting has been chosen.
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Therefore, Lev Vygotsky’s the educational condswaf sociocultural theory are
founded upon the premise that learning is furttiemndated and knowledge facilitated when
students are given time to interact in social rech€onsequently, science teachers have been
directed to prepare lessons that are conducivanddion learning and would provide an
opportunity for peer collaboration. Because teeshave changed their approach to teaching
laboratory, group interaction has become an integlain the way students conduct
investigations. Simply put, laboratory experimemase begun the acclimation of new science
standards by allowing students to work within sbetastructs whereby knowledge can be
facilitated through interaction. Furthermore, sgs@ has shown that in instances where students
are allowed time to collaborate with peer groupsingrease in not only student attentiveness but
also achievement has been found. Accordinglyndisiduals were given the opportunity to
interrelate topics with group collaboration, eactnmber of the team had the opportunity to
construct a new learning experience via particgpatwithin their social faction (Mahn, 1999).
As the focus of this research study has been placedudent learning and their respective self-
efficacy in the laboratory setting, emphasis wit be placed on normal classroom procedures.

Theoretical Framework

The theoretical framework of this research studyaised on the theory of sociocultural
theory. Particular to this study, the socioculktinaory will be examined through the lens of
educational construct.
Sociocultural theory.

With the aspects of the social member taken togetitk each member possessing their
own cultural identities, the sociocultural theomerged in the early twentieth century due to the

contribution of Lev Vygotsky, a Russian developna¢psychologist. Now recognized as the
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father of the sociocultural theory, Vygotsky delsed an intimate relationship between learning
and the interactions that occur between socialggpiwrthermore, significance was placed not
only on how society influenced the developmenthefliearner, but also on how the learner
influenced society (Mahn, 1999). As the core g theory centers on social interaction for the
betterment of the learner, researchers have beguavisit the notions of Vygotsky as traditional
pedagogical practices within science educatiorphagen deficient for many years (Struck &
Yerrick, 2010).

Vygotsky’s sociocultural theory was based on thenpse that children learn from their
social and cultural interactions. These interaxtibave been ascribed to children interacting not
only with peers, but also with people who are narewledgeable than them, onere
knowledgeable othdiMKO). Ergo, an overemphasis on the role of danigraction in
cognitive development became the backbone forthery. Sociocultural theory has become the
basis for educational directives in learning. Viglfg believed that children do not learn because
they have developed; however, they develop bedhegehave learned. It is only when children
are directly involved with the social aspects @frfeng that they develop. The sociocultural
theory was grounded on three main principles. firseprincipal was that children must learn in
a cultural setting. The second principal was tpat#gic mental structures and processes could
be traced to our interactions with others. Froma second principal, Vygotsky believed that
these interactions were either interpsychologicahtvapsychological. The interpsychological
interaction was one in which children were ablenteract with those in their environment or
group. Through this interpsychological interactiohildren were able to learn tasks and abilities
from those within the group that were more advand@dce learning had taken place within the

group setting, children were automatically moved e intrapsychological interaction mode.
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In this form of interaction, children were giverdapendence as the learning they received in the
interpsychological interaction was then internalizd he third principle of Vygotsky’'s
sociocultural theory was the zone of proximal depeient, oZPD. As defined, the zone of
proximal development is "the distance between tteash developmental level as determined by
independent problem solving and the level of paaédievelopment as determined through
problem solving under adult guidance, or in coll@bion with more capable peers" (Vygotsky,
1978, p. 86). In the zone of proximal developmehildren learn by interaction with more
advanced peers, as the more knowledgeable othe©j\dkovided the groundwork for reaching
full understanding. As described by researcherslued with the use of sociocultural theory to
assist in the instruction of organic chemistry, zbee of proximal development was described
as, “the distance between what students can dbdmgdelves and the next learning level that
they can be helped to achieve with competent assist (Livengood et al., 2012). Furthermore,
amore knowledgeable othex “someone with more knowledge or a greater wtdading of a
particular task or process than the learner” (Qigc2013, p. 58).

In general, the zone of proximal development hanlokvided into four phases or steps.
The first step in the zone of proximal developnieat been labeled as the assistance step. In
this step, the learner receives assistance fragnéisant figure to acclimate to a level of
learning that may be deemed out of their reachroddh scaffolding, the learner is able to pass
through the zone of proximal development as theyaritom an area of their own understanding
to a new area of cognitive development with the leélsuch figures as teachers and peers
working in the role of a more knowledgeable othdK(Q). The second step in the zone of
proximal development has been identified as thepeddence phase where the learners grow

more independent of societal interaction and tloeegfthey look within themselves for
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information to promulgate growth. The third pha$¢he zone of proximal development is
automation. Automation has been described asré@evehere children no longer need assistance
as learner has matured and internalized. Thesteptof the zone of proximal development is de-
automatization. In this phase, children have ftegohow to complete tasks and no longer have
the ability to construe their own learning withdwellp; thus, the recurrence of learned tasks is no
longer present and the learner will return to aygghase. The phases of the zone of proximal
development have been explained; however, wheneddtwough an educational context the
zones are more narrowly viewed as the first twpsstisted.

Another tenet of Vygotsky’'s sociocultural theorysathe concept of scaffolding.
Vygotsky believed that in order for children torlea task that they seemed to struggle with,
assistance would be needed to help them consg&aictihg. This notion, known as scaffolding,
provided the necessary dialectical processes ndedacchild’s learning to internalize. If tasks
were deemed too easy, then the child would becaredb Additionally, if the tasks being
presented were too hard, then the child would becibustrated. Therefore, when children were
presented with tasks that were considered justrizetiteir grasp, the instructional level
application of scaffolding would assist them inat@ag higher cognitive development.
Relationship of theory to study context.

Within science laboratories, students are affottiecopportunity to work together in
peer groups. The arrangement of students workitigemch other on conceptual tasks may
create occasion for students to undergo socialaatien in order to internalize their learning.
Students have always shown positive increasesmiley when given the opportunity to
collaborate. Vygotsky believed that these sodiatesses were rudimentary to a child, or

student in this case (John-Steiner & Mahn, 1996)a comparative analysis report on the
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implementation of education technology, Klopfeakt(2004) conveyed that the social
arrangement of learners should reflect a senseterfactivity. As described in the report,
implementation of various forms of technology-dnveethodology could provide a framework
for social constructivism. Another corollary ofcsacultural theory and its impact on science
education was described in the arti€lee Use and Evaluation of Scaffolding, Student €&edt
Learning, Behaviorism, and Constructivism to TeBcitlear Magnetic Resonance and IR
Spectroscopy in a Two-Semester Organic Chemistoyge¢2012). Within the article,
researchers conveyed that the use of scaffoldirggbeaeficial in that the, “students participate
in activities that are initially beyond their skdhd knowledge” (Livengood et al., 2012).

As science education reform has called for tleatoon of a rich, technology-enhanced
environment to assist in student learning, theslbf Vygotsky’'s sociocultural theory have
provided a framework for change. Clearly, attemptsonvey the importance of social
interaction in a science education setting have lseaveyed. In the articl88town Paper
Packages'? A Sociocultural Perspective on Younidd€@n's Ideas in Scienc@005), the
author delivered the idea that the relationshipsranpeople interacting within a community are
vital to cognitive development. Through the ineggim of social relationships, students are
given the chance to use technology-driven toolstract not only with each other, but also
interact with the science through each other (Ruh®2005).

Powell and Kalina (2009) stated that social irteoas were vital to the success of the
learning process and that for a classroom to l@ete the interaction among students must be
present. Furthermore, they reiterated the notdnsygotsky in that students must be able to
negotiate their surroundings before any type oficular learning could commence; thus,

without the interaction within their social nichesidents would not be able to participate in
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discovery learning within laboratory groups. THere, evidence has been provided that many
skills such as critical thinking, inquiry-basedneag, discovery learning, extrapolation of data,
and reasoning may only come to fruition within gegameters of group communication
(Lavonen et al., 2003).

Vygotsky believed that learning occurred in twapds. As described in his 1978 work
Mind in Societya child’s development occurred first on the sldeieel as children interacted
among society in what he referred to as interpsipgical interactions. The second
development among children would become identifigihtrapsychological as a child would
begin to maturate internally. Upon completion oftbstages, a child may learn according to
their cognitive abilities (Vygotsky, 1978). WarD06) stated that joint communication within
groups afforded students the opportunity to coltatmand share knowledge; moreover, in what
is known as equal participation, students actibelyome engaged not only in each other but
their assignment at hand. By doing so, knowledgmnstructed as each member of the group
contributes their expertise.

In addition, the theory also supported the ideahianans lived and actively participated
in cultural settings through the language andhaay twere accustomed to using. Sociocultural
theory defined members within a group as those le@m from each other while interacting
socially. The significance of interactivity andhtaing, specifically within the cognitive and
social processes of learning can have a powerfie¢tedn whether students become better
learners. The sociocultural theory supports agtivelvement within peer collaborative groups.

Accordingly, these ideas formed the basis fomeay in a socially rich environment;
hence given the time and nurture, children andesttsdin collaboratively working niches could

help foster knowledge not only among the group,ai&d among each individual of the group
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(Vygotsky, 1978). This theoretical framework sugipahe practice of students working in
groups to solve a task. Hsi (2007) included in@adtural theory as a framework among
different disciplines; hence, students can learougph multiple perspectives. Xu (2012) stated
that providing students multiple standpoints sushands-on science, would serve as catalysts
for stimulating interest and encouraging studemt®ach for higher goals.
Technology-Based Instruction in Science Education

A technology-based instructional approach has leéned in various ways dependent
upon the context in which it is being used. Far plrposes of this research study, technology-
based instruction has been defined as the studenivement in a science laboratory setting with
the use of technology-aided equipment via handgsen Other terminology, such as
technology-enhanced instruction, hands-on scieare fechnology-assisted instruction, have
also been used to describe the process of usirdgk@ntools to conduct science. As defined,
hands-on sciencpromotes student learning through their experiemoaipled with the
manipulation of the objects there are examiningl¢téomann, Grube, & Bogeholz, 2010).
Again, it is important to note for the frameworktbfs research study, precedence has been
placed on the wortkchnology In this casetechnologyhas been used to represent many
different tools that both teachers and studentsaigather data collection such as time,
temperature measurements, and pH readings. To@seare often used when a specified
laboratory assignment has been given. Furthermargus systems that have been present in
the assistance of gathering information have befred to as micro-based labs (MBLS),
calculator-based labs (CBLs), probeware, handhalu$ data acquisition systems; however,
these tools may have been assigned formal namasctes to the companies that developed

and manufactured them. In general, technologyedrscience methods or hands-on science has

48



proven that it contains the necessary ingredienksihg positive learning experience to fruition.
Regardless of the formality, these systems have deeeloped to collect information that is
being generated during a laboratory experimentraoord and analyze it (Probeware, 2005).
Through the use a computer interface, these deaigegrogrammed to collect and analyze
various components of data at the user’s discretAtes and Eryilmaz (2011) stated that hands-
on science was more clearly defined as an atteragerhy students to engage directly with
scientific experimentation through an educatiomdliisg; students’ direct involvement would
include manipulation of certain objects in ordeptocure knowledge.

As more laboratory-based technology such as hadsllagld probeware have been
produced specifically for use within the classroamstructors from all levels of education have
found much success. Organic chemists at Georgiari@tt College have identified in their
mission of instruction that they wanted learningeake place beyond the normal confines of
traditionally formatted pedagogy. Furthermore,adional technology including such devices
as handheld peripherals was an integral part af gnewing aim to enhance the learning process
(Paredes et al., 2010). Aside from the collediatel, TheTechnology Enhanced Elementary
Middle School Science Projgatoposed the goal and need for inquiry-based icstmal
materials for elementary and middle school sciesthecation. One of the overarching questions
that were examined in the project was whether dthminclusion of probeware and materials
provided by th&echnology Enhanced Elementary and Middle Schaeh8e(TEEMS$ project
would affect student academic achievement. Resdwglshown multiple times there is a
significant gap in this area and warrants attentitow effective is technology when compared
with student learning? The implications describethe project suggested that the

implementation of science probeware in the clagarbas proven to be an effective method of
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teaching today’s students coupled with the facdt thast students have never known a world
void of technology in general (Zucker et al., 2008)

Habraken (2004) stated that hands-on instructiost mnulate the same conditions that
real scientists are embedded in on a daily ba@msequently, for most college students
enrolled in upper-level chemistry coursework, tlodioice of career upon graduation will fulfill
the role of scientist in some aspect. Whethex @ngineers, chemists, or even pharmacists,
research has indicated that priority should bequaam the replication of professional work
within the classroom before formal training is §ihed. In the articlEffective Learning
Environments for Computer Supported Instructiothe Physics Classroom and Laboratory
(2008), the author examined the effectiveness nfihald equipment in teaching and conveyed
that students are able to learn conceptually wistmeaengagement in the classroom was present
(Thornton, 2010). Educators have proven thatrtifdementation of science laboratory will help
to frame students for life outside of the schoabpaeter; furthermore, the production of science
conscious individuals will further catapult scieremkication to the general public. In order to
accomplish this, teachers must ensure that therlegbat are integrated within the curriculum
are essential to students’ level of comprehendiothermore, lessons designed must infuse
technology to enlighten students’ understandingllal(2005) included that students who
participate in the use of data acquisition systemmsld more clearly feel connected to the
learning and that both quantitative and qualitathesasures during a laboratory procedure could
be ascertained (Millar, 2005). Generally, studevite have had the opportunity to engage in
hands-on learning not only become engaged witlerlgarning dynamic of science, but they
also are excited about doing so (Lee-Pearce, Plow&douchstone, 1998). By providing

students a platform on which learning can be as$aied, the excitement within laboratory
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environments have given students a feeling of dchgaport; moreover, high motivational
factors have been somewhat proportional with studareer choice (Shores & Smith, 2010).

In science contexts where hands-on opportunitige baen provided, students feel more
connected in three distinct ways. First, in suppbiygotsky’s sociocultural theory, students
have felt more engaged as members of a team andlkng to work toward a common goal.
Second, they have displayed a greater understanflthg objectives within each experiment.
Third, students who may have been reluctant toyaggehnology such as a handheld device or
sensor, gained confidence in using a science toghin knowledge about their subject matter
(Lyublinskaya & Zhou, 2008). For example, a grafiigstudents in the Netherlands engaged in
hands-on activities by using MBL technology to teganages of the heart. By doing so, the
students were placed in a semi-professional comtbgteby their learning spawned discussions
about their content that was seen as fruitful gck, Goedhart, & Ellermeijer, 2005).

Schrand (2008) stated that the literature descthmprocess of active learning as having
the qualities of student engagement that includtgsein-order thinking and exploration. Many
students that have enrolled in science courses dh@ve so with the anticipation of lofty goals at
the post-secondary level; hence, their informalkation was a place to begin a challenge of
their cognitive abilities as well as social adapigh However, not all students that have found
their way into science classrooms have had higle@&spions of a science-related career, but
attended because of state requirements to futfdiee credits. Madden and Madden (2005)
included that hands-on science and the activiiasgtudents complete within the classroom
have offered at-risk students essential skilldfging able to build on prior knowledge and
improve on new concepts. Soloway (1994) statetfthhacience to become what it should be in

classrooms, we should adopt a learn-by-doing grlaciThe National Association of Biology
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Teachers has stated that conducting laboratorstigations within the classroom, laboratory, or
even in the field is highly recommended; thereftine,installation of technology-laden
applications will expedite the rigor of sciencerteag (Holstermann, Grube, & Bogeholz, 2010).
One specific type of hands-on technology has desdra wireless system that would collect
student data and give instantaneous feedback opetie class (Keng, Hong, & Fui-Hoon Nah,
2006).

Gado, Ferguson, and van’t Hooft (2006) included tha use of hands-on activities
through the use of technology-driven methodologp @&nhanced the students’ abilities to
inquire about content as well as engage in theestibjatter. In a quantitative study of the
application of hands-on science, a pretest-postestled that when students were allowed to
use probeware to conduct science their achievesoeneés improved by a factor of 19%
(Metcalf & Tinker, 2004).

Voss et al. (2011) reported that in certain areasral lllinois, the demand for
professional development for teachers in middlelagh school grades for hands-on science
was high. This need originated from the overwhefymesponse that teachers received from
their students. Hands-on science provided stugeplace to engage in charismatic learning;
therefore, instructors demanded more. At the gdte level, the need for professional
development has not received the same enthusiasm.

In the articleUsing Data-Collection Devices to Enhance Studedtglerstanding
(2000), the authors conveyed the benefits of usnognology in laboratory settings as it gave
students the opportunity to construct more meauningincepts with the science they were
conducting (Lapp & Cyrus, 2000). One study condeymt students’ conceptual understanding

of chemistry was predicated upon their metacogmitibhus, as students were given an
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opportunity to generate data through probewarectdin, instantaneous results in the form of
tables and graphs provided a deeper understanéumghermore, the use of data-logging also
facilitated social interactions among student geo{ifeng et al., 2011). Because of the nature of
collecting and analyzing data in a laboratory sgitthese data-collection devices relieved
students of the duty of manually entering data mdtation as the device translated all received
information into an electronic form. The opportynivas then provided for students to further
extrapolate information about their experiment vathigh degree of certainty. This was
accomplished because the confusion and drudgemyusuding student-made graphs were kept
under control as the devices constructed accuragghgral information automatically (Mokros &
Tinker, 1987). Another research study has showhwimen students are able to make a
meaningful connection to the learning environmenthis case a laboratory, they were able to
gain more insight and quality from the classroorar(@on & Myers, 2013).

Appropriately, multiple research efforts have beeatde to validate the use of a
technology-driven methodology within the sciendsolatory. From the body of research that
has focused on this pedagogical application ofrteldgy, it has conclusively been shown that
student performance has increased with the inatusi@ technology-based instructional
approach. Even more, one study has shown stuéeiormance improvement after just a single
application of hands-on science (Brasell, 1987).

The infusion of this type of technology into thengeal science laboratory has reduced
the efforts of students to collect data while aleaducting the experiment. In the artiElalm-
Based Data Acquisition Solutions for the UndergraguChemistry Laborator(2003),
researchers found that the accessibility and ptiitialvere benefits of incorporating such tools

(Hudgins et al., 2003). One evaluation of studestag a hands-on approach to conduct an
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undergraduate chemistry analysis of an organicsthted that they felt they had gained new and
valuable skills from the experience (Salman, R&uAbdullah, 2012). As students have
conducted laboratory work, not only is the needddrmation gathered and stored within a
computer-aided handheld device, but also studeatalde to understand the outflow of
information; therefore, students are able to re§ikifls that may be later reflected in real-world
applications as their generated data becomes ngfahin

However, it has been proven that the use of tedgl tools, in a more hands-on
approach to conducting laboratories, has providedraework for conceptual understanding
through visual representations. As data-collectievices are designed to display real-time data,
students no longer are immersed in the confusidiridging the gap between the science they
are conducting and being able to conceptualizeatistieas embedded within the science.
These innovative tools have addressed the prolilatrhis faced educators in providing
instruction whereby students are able to constreat learning from abstract ideas (Kelly &
Kennedy-Shaffer, 2011). In the arti@eience 2.Q2010), the authors described that when
students are given the opportunity to engage iagiree learning by the means of digital
sensors, then students not only acquire sciendemomore effectively but also better
understand principles of science (Brunsell & Hre26110).

Research has shown that implementing hands-oncecigith a technology-based
approach into science classrooms versus traditipeddgogical methods is beneficial. The
dynamic of a hands-on, minds-on learning milieingide digital tools has allowed students the
ability to conduct laboratory investigations inddgsne. Furthermore, the technology-based
instruction has also provided students a betteodppity to better perform on standardized

examinations (Probeware, 2005).
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One basis of research emphasized the possibilisgscience probeware brings to the
classroom; moreover, the use of data acquisitistesys gives teachers the opportunity to
develop a classroom environment that is centeradapnry-based methodology (Millar, 2005).
Toth, Morrow, and Ludvico (2008) described inqguagrning as a type of methodology whereby
students gain insight from their instruction anglgpt to real-world relevance; furthermore,
hands-on learning activities was given as a wagdorporate this type of learning into the
classroom. Another methodology discussed in tkealiure was the use of technology to guide
students through the process of an experimenthggtuse the nature of discovery to find for
themselves ways to think and logically extrapothtgr own findings. This type of methodology
contained implications that were relevant to currdaology with the use of scientific probeware
in that the more hands-on students are, the mgrendient they are on themselves and each
other and not the teacher; consequently, reseasktown higher achievement scores due to
this inclusion of technology to the science classrdMillar, 2005).

Hisim (2005) stated that technology in the fornhahds-on science has enabled students
to quickly gather data for examination of graphi@atl numerical information. Data gathered is
more accurate than most traditional methods; tbezeEtudents know that their results are
dependable. Students who use probeware can coextecisive studies for long periods of time
because the technology would allow them to savie ithfermation until completion. Rationale
for implementation of probeware was given in tlalay’s students are tech-savvy; moreover,
the probeware seems to fit their lifestyles anérmsfthem a modern way of doing science.

Another benefit of hands-on science is the impldaaten of tech-savvy techniques that
would allow students to become scientists rathan jost play science. The use of probeware in

the science laboratory has helped students becogaged in scientific role-play rather than
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following a prescribed list of procedures. Accogly, science probeware has enabled students
to collect real-time data such as temperaturet,ligiotion, pH, and voltage, while at the same
time being able to think about the changes thahappening as they happen; moreover, students
are more likely to gain meaningful understanding@énce and the work that scientists perform
if they role-play and perform hands-on, minds-oanscios (Stager, 2000). In the artitlsing
Probeware to Improve Students’ Graph Interpretatfdnilities (2005), the author stated that
probeware afforded students the opportunity to gaga real scientific collections in time
settings that are appropriate for the school éifed that student participation was directly
proportional with academic success. The artickedieed how the use of probes in mathematics
helped students to visually encompass some ofdhseh concepts such as contextual graph
interpretation that require extrapolation. Accagly, the use of probeware was supported due
to the fact that students are able to instantly g@edback on a number of dynamics such as
temperature and motion. Consequently, studentgyladle to visualize science as it occurred
were considered important as other aspects sugtagnizing how their efforts affect the
outcome of the investigation. Better student amase and higher achievement were the pillars
of this research (Pulano, 2005). Kelleher (20@&esl that the use of certain forms of hands-on
technology helped to transform the relationshipveen instructors and their students, as well as
their interactions within the community.

As numerous research analyses have investigatetittamtages of students conducting
laboratory work, it has been made evident thatrditional, lecture-based platform contained
flaws. For example, the traditional laboratoryigedas not been proven effective in helping

students to understand the concepts behind suufpstis graphs and tables. Students are asked
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to perform cookbook-style investigations and yetehao understanding of what their findings
mean at the conclusion of their respective expeartaten (Kozhevnikov & Thornton, 2006).

In general, technology such as email, the Intearad cellular devices, have seen not
only a sharp rise in their use among technologealty users, but also a widening participation
in the total amount of people subscribing to tlsenvices. Vast research has shown that almost
every classroom in the US has computers and thmsputers connected to the Internet. There
has also been a shift in the delivery of state ratadlexaminations as instructors have begun to
administer these tests via computers. Therefbesexistence of technology has created an
opportunity for growth, both in the world and witheducational parameters (Zucker, 2009).

As new designs and innovations such as wirelessemtivity have been developed and
dispensed to educational institutions, both adriveti®n and faculty are aware of the future
opportunities that will go along with having andintaining the presence of all forms of
technology within their establishments. As desstimScience 2.92010), science education
has been brought alive due to the implementatideafnological approaches within the
classroom. Opportunities to further deepen theetstdnding of scientific concepts have been
instituted through the applications of hands-oersce (Brunsell and Horejsi, 2013).

Summary

Overall, many benefits to the inclusion of handsapplications in science education
have been shown. Research has proven that fdraesato be effective in a technologically
driven classroom, much time and energy must besteden achieving success at effectively
implementing technology in the curriculum (Gadalet2006). In the Proceedings®dciety for
Information Technology & Teacher Education Interaaal Conferencen 2009, it was made

clear that for educators to be able to successiutigrporate solid pedagogy into the classroom,
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teachers would be required to be fluent at theofisechnology (Forssell, 2009). Scientific
literacy can be infused into the science curricutbrough the infusion of digital technologies

via hands-on learning. The choice of technologylteen dependent upon the knowledge of the
instructor and the method of instruction that hasrbmost conducive to the situational learning
for a particular class.

Reasons for incorporating probeware, as well hsrdbrms of technology, have been to
help build communities of learners and promoteetibn. Technology that is content-driven
and infused with a hands-on, minds-on design wilite more students to become active
learners, hence higher achievement. If student®dve given a science education that is
meaningful; the curriculum that is conveyed musttam an approach that reflects the role that
scientists play in the real world (Dani, & Koenif)08).

Therefore, it is the vital role of the teacher ts@re that science education is coupled
effectively with sound pedagogical and technololgicactices. Teachers must narrow the
learning gap between their content knowledge amddstadent’s best learn in today’s world.

Yet, with national science education reform senasa catalyst for change, teachers
must adapt to become better suited for their résgeenvironments; however, if change does
not occur, the use of technology will never bring the best children have to offer. This apathy
was best described in the artitleeting the Needs of Middle Grade Science Learfiersugh
Pedagogical and Technological Interventi®@909), “If a science teacher’s epistemological
orientation toward science is a collection of fathien the computer is likely going to become a
tool that collects, organizes, and repeats facterafficiently” (Yerrick & Johnson, 2009, p.

282).
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CHAPTER THREE: METHODS

The objective of this study is to examine the iotghat a technology-based teaching
application will have on the achievement and s#lé&cy of community college students in
Chemistry courses. Based upon the review of relenssearch in the field of college science
education coupled with the inclusion of a techngldgven teaching model and its effect on
student academic achievement within classrooms stittion sets forth to establish a description
of the methodology that is proposed for such aareseeffort. Therefore, included in this
section is a description of the overview of thedgiuhe design of the study, data gathering
methods, instrumentation, sampling procedures daital analysis.

Resear ch Design

The research design is a static-group comparissigile In the static-group comparison
design, one group is labeled as the treatment grelite the other group represents the control
(Gall, Gall, & Borg, 2007). Students in the treatihgroup are given an experimental treatment,
while those in the control are not. After manipiada of the treatment, both groups are measured
through a posttest. This particular design waszetdl due to the groups already being placed into
respective sections prior to the onset of rese@atkson, 2006). Furthermore, the design is
non-equivalent because the chemistry classes umgkstigation did not undergo randomization;
in other words, the participants of the study wadready placed within each of their respective
chemistry classes at the onset of data collecthonon-probability sampling procedure was
utilized. Specifically, convenience sampling frairiee general method of data collection. The
plan of the study is quantitative in nature withuasi-experimental focus. Quasi-
experimentation is much like experimental desigreaech; however, quasi-experimental design

is distinguished from experimental because of tloeerof selection of participants being either
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randomized or not. Therefore, the design empl@yadn-randomized experimental design.
Within the college, the chemistry classes undeestigation were examined on the basis of
whether a technology-based approach to laboratori wmfluenced student achievement and/or
self-efficacy. Because the population from thdeg® was considered statistically the same
based on demographics, the total sample size wfds2ivided into two sections: the treatment
group and the control group.

The rationale behind choosing this community c@legs based on the pre-existing
infusion of technology-assisted instruction, a gigant amount of technology on hand for
implementation, and instructor preparedness viéepsional development. The reduced sample
size is explained by the fact that there is a Bohihumber of students on average that enroll in
this type of coursework as well as the inclusiotechnology at the college level being a
relatively new research venture; however, botleattnent and control group supported the
reliability of the study. Regardless of treatmextitchemistry classes earmarked for the study
were given a posttest. The posttest design pratidata to determine if students who use a
technology-based approach within the laboratoryyrgeto conduct laboratory investigations
have significant achievement when compared to stsdeho only use traditional methods.

The purpose of the study was not to gauge studentiseir effectiveness of the use of the
technology, but how technology may or may not leatly proportional to their academic
achievement and self-efficacy when discerned thialaga analysis. Therefore, every member
of the treatment group must have a basic undernstgiod how to use selected instrumentation
prior to the laboratory so that internal validisynot jeopardized. Therefore, a session between
the instructor and each member of the treatmentpgveas vital so that any student who did not

fully understand the basic operations of chosetmungentation was given time to ask questions
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to gain insight; furthermore, the instructor mayédeen able to detect if a student is reluctant

to ask questions and ensured that all membersdféhtment group have equivalence training

prior to experimentation. To further support tladidity of the study, it was imperative that the
instructor was prepared to deliver the technold@gcévely. This notion refers to the level of
knowledge and professional response that the etsirwill supply in their teaching;
furthermore, the instructor will need to possedt e educational background and experience
to successfully implement chosen technology. Tliévsidualized instruction on the use of any
hands-on science application can prevent studemts hisunderstanding assignments and
furthermore skewing data on posttest analysis.

Resear ch Questions and Null Hypotheses

RQ1- Is there a difference in the achievement scbeéween college chemistry students who use
a technology-based application to conduct laboyat@perimentation, and college
chemistry students who do not?

HQ - There will be no statistically significant difence in the means @fonceptual
Problems Gases TE¥GT) scores for the treatment group, which used a
technology-based applicatiotaboratory, and the control group, which did not
use the technology-basedieatbn.

RQ2- Is there a difference in self-efficacy scdresveen college chemistry students use a
technology-based application to condabbratory experimentation, and college
chemistry students who do not?

HQ - There will be no statistically significant difence in the means Qfollege
Chemistry Self-Efficacy SA®@€SS scores for the treatment group, which used a

technology-based applicatiotaboratory, and the control group, which did not

61



use the technology-based appbn.
Participants

The participants of this study stemmed from stuslentolled in multiple general college
chemistry courses. The total population that waslived in the study was approximately 52
students, all enrolled in college chemistry. Da¢hie fact that the students were not randomly
assigned to different groups but were considereeegisting, assignment of a non-randomized,
guasi-experimental research design best fit thdy&yplan. Further evidence provided that the
proposed students were non-randomized becausattenss came from the same college and
many factors that influence one's decision to dtespecific college such as the cost of tuition,
location to home, and type of degrees offered wetalecided by the researcher. For many
students, completion of a college degree will repn¢ the first time a member of their respective
families have completed such a goal.

The proposed participants in this study were edtar® a non-randomized, quasi-
experimental approach. Students enrolled in géoshemistry coursework were non-randomly
selected from a community college in the fall seteresf 2014. The community college
represented the entire sample size of the stuthg sample for this study was drawn from
chemistry students enrolled in three sections tége chemistry I. In other words, participants
all stemmed from one of the three, college chemistourses offered within the semester.
Therefore, two sections or individuals classesotiege chemistry | functioned as the control
group with a sample size of 30, while the remairgagtion served as the treatment group with a
sample size of 22. Therefore, sampling was accasimgd by labeling one of the college
chemistry courses as the treatment group, whileghmaining two classes were combined to

function as the control group. The total sampte shat stemmed from all three college
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chemistry | classes was 52. All participants reprnéed an even distribution of socioeconomic
status, age, and gender. One difference that lwas @among the participants is that they all
belonged to schools whose enrollment was predoeiinathite. Class scheduling in the
chemistry classes in the college was designedateetth chemistry class spent 150 minutes per
week in lecture alongside an additional 150 minutdaboratory. Accordingly, ample time was
allotted to the completion of both general coursdgvas well as laboratory work

Setting

The proposed location of this research was centgraccommunity college that was
located in a state in the southeastern portioh@tinited States. The school was nestled among
the lower extensions of the Appalachian mountaairchThe area surrounding the school was
classified as very rural area with little diversitylembers of the various communities and
surrounding areas find work in different suburbad enetropolitan locations both around and
away from the school. However, a few residentselsiayed close to home as they have gained
employment through local businesses such as loparmarkets, cabinet shops, and a plethora
of agricultural jobs in the cattle, poultry, anags industry.

The college offers various two-year degree oppdatiesias well as transfer options to
larger four-year institutions. The total populatithat was involved in the study is
approximately 52 students, all enrolled in collegemistry. There was one instructor
responsible for instruction. The instructor repréed a valid point of insertion for the research,
as they not only fulfilled the role of the scierdapartment chairperson for the college, but they
also received training on the implementation obpribed technology prior to the beginning of
research. The demographic information for the sthevealed approximately 87.7% white,

5.5% Hispanic/Latino, 3.8% Native American, 1.8%ié&dn American, 0.7% Asian, and 0.5%
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other. The distribution of gender in the schodlected 39.3% male to 60.7% female. The
socioeconomic status of the residents in the sadimg college communities showed that on
average, 61.1% of the student body receives sopgedf/financial aid or assistance
(Anonymous, 2014).

I nstrumentation

Two instruments will be implemented into the reshastudy to gather data. The first
instrument was th€onceptual Problems Gases TE&PGT). In the article The Effects of
Problem-Based Learning Instruction on Universityd&nts’ Performance of Conceptual and
Quantitative Problems in Gas Concepthe use of th&€onceptual Problems Gases Test
(CPGT) was implemented to assist researchers in asgesbigther or not the inclusion of a
treatment would affect the conceptual learningtofients enrolled in a university chemistry
course. The Cronbach’s alpha reliability for thetitument was found to be 0.77 (Bilgin,
Senocak, & Sozbilir, 2009).

Therefore, utilized as a posttest, this instrunvead integrated into the research study to
evaluate for academic achievement differences witine chemistry topic of gas laws.
Furthermore, students who had been subjectedachadlogy-infused laboratory experience via
hands-on tools were compared with those who hagplEied the same experiments in a
traditional laboratory setting. TH&onceptual Problems Gases TE&SPGT) consisted of a 19
guestion, multiple-choice examination whereby tbstfest questions probed students for
information contained within the context of eachdeatory experiment respectively. Each
guestion had five answer choices, A, B, C, D, andSEidents were given ti@donceptual
Problems Gases Te&EPGT) through Blackboard, an online educational platforThe

instructor or their designee both administered @odtored the test. To administer the test, the
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instructor reserved a computer laboratory on cam@igdents were given a specific timeframe
in which the test had to be completed. Accesheadéest was limited to only those students
enrolled in college chemistry I. Furthermore, ithtegrity of the test results was maintained, as
student identification was required to take thé. t€xonsequently, the instructor or their designee
checked for photo identification if a student wagknown. The instructor scheduled a time
when the students could take the test. When sted@enved to take th€onceptual Problems
Gases TedqiCPGT), they were given access to the test upon signing their Blackboard

account. This helped prevent students from tathegest away from supervision and
disseminating the test’s content to other studeftee posttest should have taken no longer than
45 minutes for students to complete.

There was an individualized posttest for all shadeinder investigation. Thus, all
students enrolled in college chemistry | took thme posttest. The posttest for the chemistry
courseConceptual Problems Gases TESPGT) came from validated, research-based material
designed to examine achievement from laboratorgnataught at the time of collection;
therefore, the posttest was administered to bahrdatment and control group. The posttest
was administered after both of the laboratory expents have been completed. Once all
students completed tli&onceptual Problems Gases TE&PGT), they were giverCollege
Chemistry Self-Efficacy Scal&his instrument gave insight as to how studentseyee their
environment within a science laboratory. Spedilfycahis provided important insight on how
students not only view the laboratory as a whalg atso how they perceive themselves as an
integral part of the science that takes place withe lab. The instrument was also used to
extrapolate data to reflect student self-efficacthie science laboratory. Consequently, if

students are confident of themselves as laboraésgarchers, they may in turn become better
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researchers through the inclusion of a technolagsed laboratory design. Uzuntiryaki and
Aydm (2008) stated that the self-efficacy of studeamrolled in chemistry, as well as other
sciences, was a predictor of how well those stiedeould perform academically. Because the
College Chemistry Self-Efficacy ScBCSS$ was examined through the lens of self-efficacy,
the formation of this instrument was examined falidity. Researchers examined self-efficacy
through three points: self-efficacy for cognitivells, self-efficacy for psychomotor skills, and
self-efficacy for everyday applications. From tlgach point was assigned a Cronbach’s alpha
reliability. Respectively, the self-efficacy foognitive skills was found to have a Cronbach’s
alpha reliability of 0.92, the self-efficacy foryzhomotor was given a Cronbach’s alpha
reliability of 0.87, and a Cronbach’s alpha reliapiof 0.82 was given to self-efficacy for
everyday applications. Hence, the overall aveagmbach’s alpha reliability for théollege
Chemistry Self-Efficacy Scal€CSS), based on the three prior reliabilities)ded a value of
0.87. Therefore, this instrument gauged how stisdemrolled in first-year college chemistry
courses might perform on all three facets of s#it&cy (Uzuntiryaki and Aydm, 2008).
Consequently, th€ollege Chemistry Self-Efficacy Scalél pinpoint both strengths and
weaknesses students may have perceived througlsehera. This instrument helped to identify
trends among college chemistry students workirglaboratory setting. Students completed the
scale by indicating how they felt about stateméms discussed their academic backgrounds in
chemistry as well as how well they believed theyldaollect data within a laboratory setting.
Information from this instrument was coded anddppropriate quantitative results extrapolated.
Procedures

To align with research protocol, an official urmsigy International Review Board (IRB)

approval was requested and received before foratalabllections were entered into. Also,
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permission to use a population, eliciting partiofsa and conducting any type of pilot studies
that were needed was all secured before the ohsgeoaction between the researcher and
research individuals. Accordingly, formal requeastamplement research treatment such as
gathering and recording data were granted befaorediophase of research begins. Furthermore,
permission from instrument authors was also obthbefore instruments are delivered to
participants.

Data such as posttest and self-efficacy scordsemiain confidential information to only
those who have been granted access by formal ppomjsiamely, the research individuals,
accessory statistician, and researcher. Compliartbeghe Family Educational Rights and
Privacy Act (FERPA) law was upheld, as all ideatiie information, including student name,
teacher name, and other class information was rethowhidden. Once all official research
permissions were granted, the researcher initifedtudy by examining the college in which
data was to be collected. The researcher alsavittethe chemistry instructor to explain that
their role is to remain unbiased and to conduaagesh in its purest form.

Students began fall semester of 2014 by setthitgtheir classes for the semester.
Afterward, research began for treatment groups #igeadministration of the onset of classroom
instruction. Students in all chemistry coursethatcollege conducted their respective laboratory
experiments concurrently. All groups took the pesttand self-efficacy scale at approximately
the same times. The researcher then collecteddatathe posttest and survey from both
treatment and control groups to perform the appatgdata analysis to determine if the
presence of a technology-based teaching applicaadran effect on student achievement and/or

self-efficacy.
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Data Analysis

In the study, two different types of instrumentsevased to measure the effect of a
technology-based approach in laboratory on stuaemevement and self-efficacy. Before the
laboratory experiment was conducted, all studesdsived classroom instruction as normal. The
research study did not focus on the effects ofsctasn instruction, but the effect that the
inclusion of a technology-driven approach may hawvetudents’ understanding within the
laboratory setting. After students completed #i®ratory investigation within their assigned
group, the posttest and self-efficacy instrumergsavadministered respectively. It was
important that the instruments be administerecatthenember of both the treatment and control
groups as soon as the laboratory experience wiahdith to prevent cross-contamination of
methods; moreover, accuracy of posttest dependé&eawing confidentiality among groups.
Internal validity was also stronger by conductihg posttest at the completion of
experimentation, as it did not allow for maturati@ariables to interfere with student input.

Gathered data from all instruments was coded ateteshintoSPS&oftware. An
independent t-test was used to calculate any aefment differences that may have existed
between both groups (treatment and control). Tdependent t-test was appropriate for this
research design due to the fact that the partitsp@anoughout the study did not change; thus, the
analysis examined any changes that may have odcdueto application of a treatment.
Therefore, the application of the independenttgbswed if any differences existed between the
treatment and controls groups of college chemistijhe posttest examined any differences that
could have been found after the application ofttbatment; in this case, the application of a
technology-based instructional approach withinuhdergraduate chemistry laboratory. The

alpha level for this research design was set afo.85.05). The alpha level is the probability of
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rejecting the null hypothesis assuming that thé mgpothesis is true. In social sciences, the
alpha level i < .05 (Brace, Kemp, & Snelgar, 2009). To fullydenstand the significance of
whether the manipulation to the treatment grouglsvant, the question of variability must be
taken into account. Certainly, it is not enouglexamine the differences in means to determine
significance, but with taking under account theeffsize from the distribution of scores that will
be extrapolated from parametric methods, the nydbtheses can be rejected or accepted.
Therefore, the statistical power of this reseataldysassisted in determining the nature of the
null hypothesis (Faul et al., 2007). The use opeetric analysis as a data analysis tool in this
research study made it easier to detect if theseantaue difference between instruction modes
between the groups being tested; moreover, a moch precise reflection of the data was
generated because of the control over the effeitteo€ovariate. The independent variable was
instructional method with two levels (technologysed laboratory method versus traditional
laboratory experiments). In research question thdependent variable was student self-
efficacy toward science at posttest. The indepeiaiable was instructional method with two
levels (technology-based laboratory method venmsubtional laboratory experiments).

At the conclusion of the posttest instrument ihege chemistry |, students took the
College Chemistry Self-Efficacy Scalghis instrument was used to examine the extentiictw
students related to their skills and personal perémce in the context of the chemistry
laboratory. The self-efficacy scale was analyzeidgian independent t-test. The results that
stemmed from the data analysis of @@lege Chemistry Self-Efficacy Sc&8CSS scores
indicated if students that are part of the treatngeoup felt differently about their self-efficacy
while working in a laboratory setting than the €mnt$ who made up the control group. The

College Chemistry Self-Efficacy Sc#BECSS provided students with questions such as how well
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they view themselves as problem solvers, or evenwell they can interpret data that is
generated during a given experiment. Tatlege Chemistry Self-Efficacy Scf&aCSS was
administered after the completion of both presctiladoratory experiments on the gas laws.
Consequently, students who were members of thertezs group already had interaction with
the technology-based approach, whereas membens cbntrol group had only come into
contact with traditional means of collecting andig@mting data. The analysis of Bellege
Chemistry Self-Efficacy Scal€CS$ provided insight as to whether the technologyseid

experimentation had any effect on student seltafly.
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CHAPTER FOUR: FINDINGS

The purpose of this study was to examine the eWfecess of a technology-enhanced
teaching method used with college chemistry stugdetathin a laboratory context. Days of
traditional stand and deliver modes of instructi@ no longer as effective as students require an
almost entertainment style of instruction in ortiecompete with fast-paced marketplace
technology. Consequently, this study is of impactadue to the fact that possible outcomes
may prove which pedagogical methods may be moeetfe within the undergraduate
chemistry classroom. Moreover, there have be@nitetl number of formal investigations on
the use of technology-enhanced instruction aneffext on student achievement and self-
efficacy at the community college or undergradietel (Higgins & Spitulnik, 2008).

The discernment of the effects of the inclusioma ¢échnology-driven science application
was examined through the implementation of twodadéd research instruments. The first
instrument, th&€€onceptual Problems Gases TE&PGT), measured student academic
achievement within the chemistry topic of gas lawke other instrument, ti@&ollege
Chemistry Self-Efficacy Scale (CCSESsessed how students perceived their ability tiome
tasks within a science laboratory context. Thé&umsents were administered through
Blackboard, an online educational platform.

Data collection transpired during the spring seerest 2014 after obtaining the required
approvals and permissions. Research began fameea groups after the administration of the
onset of the classroom instruction. Studentslinhedmistry courses at the college conducted
their respective laboratory experiments concuryenflll groups took the posttest and self-
efficacy scale at approximately the same timese rElsearcher then collected data from the

posttest and survey from both treatment and cogtmlps to perform the appropriate data
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analysis. Demographic data on the students wesengd through SurveyMonkey®, an online
data collection tool. Data were entered into fexcel spreadsheets, which imported into SPSS
and subsequently merged for analysis.

Chapter four is organized by the introduction, sknd@mographics, descriptive statistics
and data screening, research questions and hypotastng, and conclusions. The following
provides a discussion of the sample demographics.

Sample Demographics

There were 52 students who participated in theystdi2.3% ( = 22) were in the
treatment group and 57.7% € 30) were in the control group. Relative to &f&4% O = 47)
were 18 to 24; 7.7%n(= 4) were 25 to 34; and 1.9% £ 1) were under 18 years of age. Three-
fourths of the students (75%= 39) were males and one-fourth (2596 13) were females.
Approximately 10%1§ = 5) of students had completed two years of celld@% ( = 24) had
completed one year of college; and 43%(22) had graduated from high school or had a
General Education Diploma (GED). Seventy-six per¢er 38) were employed outside of
school. The chemistry course was not the firdegel science course for 96.2%= 50) of
students; and 76.5% € 39) of students considered their first choiceafege major to be
science-based.

Descriptive Statistics and Data Screening

Raw scores on theéPGT could range from 0-190. However, scores on thepsa of
students ranged from 30-10d € 63.27,SD= 17.35). Scores on tl@&CSScould range from 1-
10. Scores for the sample of students ranged fré2t 9.05 = 6.98,SD= 1.02). The data
were screened for normality with skewness and kigtstatistics and histograms. In SPSS,

when the absolute values of the skewness and kzirtosfficients are less than two times the
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standard error, the distributions are considerduetoormal. As indicated in Table 1, the
skewness and kurtosis coefficients are within nbnarages.
Table 1

Skewness and Kurtosis Coefficients

Variable N Skewness Kurtosis
Statistic  Statistic ~ Std. Error  Statistic ~ Std. Error

CPGT score 52 292 .330 -.557 .650

Chemistry Self-Efficacy 52 -.202 .330 -.334 .650

Next, the distributions were examined with histogs, which further supported the

normality of the distributions. The histogram fbe Conceptual Problems Gases Tssbres is

presented in Figure 1.
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The distributions of scores on the College ChemiSelf-Efficacy Scale were examined
on the basis of normality. As given below, it iasnd that the scores were considered normal.

The histogram for chemistry efficacy is presenteéigure 2.
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Figure 2 Histogram for College Chemistry Self-Efficacyoses
Histograms were also generated for the dependeiatoles by group (treatment versus

control group). When the scores on @anceptual Problems Gases TESPGT) are compared
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between students in the treatment group, and thase control group, evidence is provided that
the distributions of scores between the groups wermal. The histogram representing this

finding is presented in Figure 3.
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The histogram for chemistry efficacy scores byugris presented in Figure 4.

5 — Horml
4 S
-
P— 3
2 /_ \“"\ 3
d .
14 \'\
- """‘-...,____..
D_-E--- ----'-'E_

dnoug

Frequency

[#%)
|
N
|[o43u0n

2_
/ \\
" A N
4.00 5.00 £.00 7.00 8.00 9.00 1000
Chemistry Self-Efficacy Scores

Figure 4 Histogram of Chemistry Self-Efficacy Scores byp®
Null Hypotheses
Null Hypothesis One
Null hypothesis one was investigated to deternfitieei presence of a technology-based
approach in the chemistry lab would have any effecstudent achievement. From the analysis,
the Levene’s Test for Equality of Variances wasstatistically significantp = .711. This
information helped to form the assumption thatehgas no statistical variance between the

treatment group and the control as measured bydbiest. H@stated that there will be no
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statistically significant difference in student sslement by college chemistry | students, based
on the inclusion of a technology-based scienceiegipin versus a traditional approach in the
laboratory, as measured and shown by the bZtmeeptual Problems Gases TEPGT). The
technology-based laboratory instructional methogbftment group)M = 63.64,SD= 17.06) did
not significantly differ from the traditional labatory method (control groupM(= 63.00,SD =
17.84),t(50) = 0.13p = .898, two-tails. Based on the results fromtttest, therefore the
researcher failed to reject the null hypothesike Ftest results for théonceptual Problems
Gases Teddre given in Table 2.

Table 2

Means, Standard Deviations, and t-te§tsr{ceptual Problems Gases Test

Group n M SD t p=
Treatment 22 63.64 17.06

129 .898
Control 30 63.00 17.84

Null Hypothesis Two

Null hypothesis two was examined to discern ifphesence of a technology-based
approach in the chemistry lab would have any effecstudent self-efficacy. From the analysis,
the Levene’s Test for Equality of Variances wasstatistically significantp = .242. This
information helped to form the assumption thateéhgas no statistical variance between the
treatment group and the control as measured bgetfiefficacy scale. H@stated that there will
be no statistically significant difference in theams ofCollege Chemistry Self-Efficacy Scale
(CCS$ scores for the treatment group, which used ant@olgy-based application in laboratory,

and the control group, which did not use the tetdgyebased application. The technology-
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based laboratory instructional method (treatmeatigy (M = 6.91,SD=1.17) did not
significantly differ from the traditional laboragpmethod (control groupM = 7.03,SD= 0.91),
t(50) = -0.43p = .669, two-tails. Therefore, the researcher daitereject the null hypothesis.
The t-test results for the College Chemistry SdficBcy Scale are given in Table 3.

Table 3

Means, Standard Deviations, and t-tests (Collegen@stry Self-Efficacy Scale)

Group n M SD t p=
Treatment 22 6.91 1.17

-.430 .669
Control 30 7.03 913
Conclusions

Two research questions and two related hypotheses farmulated for investigation.
The outcome of each was non-significant. For studehievement, as measured by the
Conceptual Problems Gases T&SPGT), the technology-based laboratory instructionaihoe
did not significantly differ from the traditionailboratory method. Similarly, in student self-
efficacy in chemistry, as measured by @alege Chemistry Self-Efficacy Scalee technology-
based laboratory instructional method did not sigaitly differ from the traditional laboratory
method. A summary of group statistics is givefable 4.
Table 4

Summary of T-Test Results

Research Question Variable T df P

1 Conceptual Problems Gases Test 129 50 .898
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2 College Chemistry Self-Efficacy -.430 50 .669

Therefore, based on the t-test values, the reseafaited to reject both null hypotheses.
From this, the technology-based laboratory instometit method had no discernible impact on

student achievement or student efficacy. Implaraiwill be discussed in Chapter Five.
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CHAPTER FIVE: DISCUSSION, CONCLUSIONS, AND RECOMMENDATIONS

This chapter provides a thorough explanation ferrésults of the research study. The
following sections give a summary of the reseanctliihgs: discussion, conclusions,
implications, limitations, and recommendationsftdure research.

Discussion

The purpose of this research study was to investifjiéhe presence of a technology-
based instructional approach within the postseagnc@emistry laboratory setting would have
any effect on student achievement, as well as stugdgf-efficacy while working in a laboratory
setting. This research study included a total2€éllege chemistry | students enrolled in a
small community college in the southeastern Unf&ates. The research study was a
nonequivalent, control group, posttest only desighe results showed that the inclusion a
technology-driven approach within the undergradehtamistry laboratory had little effect on
student achievement and self-efficacy.
Resear ch Question One and Null Hypothesis One

The first research question asked: Is there ardifiee in the achievement scores between
college chemistry students who use a technologgéapplication to conduct laboratory
experimentation, and college chemistry students eMhoot? The null hypothesis one stated:
There will be no statistically significant differemin the means @onceptual Problems Gases
Test(CPGT) scores for the treatment group, which used ant@olgy-based application in
laboratory, and the control group, which did na tlse technology-based application.
Predicated on the results of the independent santypéest, null hypothesis one was not rejected.
Thus, students in the treatment group who condubied laboratory experiments using a

technology-based approach showed no greater achéte¢han those in the control group. The
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results given irFigure 3shows that there was no significant statistichedence between
groups.
Resear ch Question Two and Null Hypothesis Two

The second research question was: Is thereexelite in self-efficacy scores between
college chemistry students use a technology-bgsglication to conduct laboratory
experimentation, and college chemistry students eMhoot? The null hypothesis stated: There
will be no statistically significant difference the means o€ollege Chemistry Self-Efficacy
Scale(CCS$ scores for the treatment group, which used antaolgy-based application in
laboratory, and the control group, which did na tise technology-based application.

Based on the results of the independent sampéest &hd Levene’s Test for Equality of
Variances, hypothesis two was not rejected. Hestaeents in the treatment group saw
themselves no differently than students in therobigroup as measured by tGellege
Chemistry Self-Efficacy Scal€CS$. The results given iRigure 4shows that there was no
significant statistical difference between groups.

A review of the literature conveys that much attamhas been given to the effectiveness
of technology-based teaching applications withiersce education, especially with elementary,
middle, and high school instruction being at theaf@oint. However, a dearth of research has
been dedicated to the investigation on the effeatgs of technology-based applications in
postsecondary chemistry environments. Of the phbtl studies on the effectiveness of
technology-driven applications, most have yield®ebfable reports that the inclusion of such
applications has led to an increase in studenegement and self-efficacy. However, most
studies that have been able to produce valid mesulthe use of technology-based instruction

have come at the hand of elementary, middle, agld $ghool instruction. This research study
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was conducted to build upon the effectivenessadifrielogy-based practices in educational
research. Furthermore, it is imperative to undadcthat no other educational research mirrors
the design of this present study. Novel in nattims, study reaches beyond what has been done
to provide results that might provide the groundwior the successful implementation of
technology-minded applications in undergraduatgaims of science.

As with this research study, evidence was provitiatithe inclusion of technology-
based applications made little difference on studehievement or self-efficacy. To better
understand the impact of this study, it is cogerddmpare it with other studies.

Feng et al. (2011) reported that in their stud@6releventh-grade Chinese chemistry
students, that the level of student metacognitdmeiavily dependent upon their conceptual
understanding in chemistry. Students were dividéalexperimental (DBLE) and control
(traditional) groups. Students within the expermtaégroup were given the opportunity to work
with data loggers (probeware) to better understaadthemistry concepts that were being
presented to them. Students in the control groeqegiven regular lecture-oriented instruction
and assigned problems from their textbook to cotapl&tudents’ answers to a prescribed
instrument were measured, and the data analyzeaehwps of various statistical tests. The
results revealed that the use of technology-bagplications, data loggers in this instance,
contributed to higher gains by the experimentaligr(Feng et al. 2011).

In the Feng et al. (2011) study, student achievemereased with the inclusion of a
technology-aided device, the data logger. Like thsearch study, students were given the
opportunity to engage in effective learning thatdopossibly yield conceptual understanding of

content-driven themes. However, unlike the Chirsggdents, the students of this study did not
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show that the inclusion of technology made anystteally significant difference in
achievement or self-efficacy.

Avraamidou (2008) reported on a large-scale rebestudy conducted by SRI
international. From the study, 102 teachers rexkev grant whereby placing one handheld
computer in each of their students’ hands. Thehasig from the study was placed on how well
the handheld computers improved student learnikrgm the results, it was noted that 87% of
the teachers agreed that student directednesarimng was increased, and that 75% of teachers
agreed that the utilization of the handheld commpailso assisted in student completion of
homework (Avraamidou, 2008).

In this research study, only one instructor wapoasible for the implementation of the
treatment. Unlike, the SRI study, this study ocdytained a total of 52 students for
investigation. Furthermore, only one device wa®gito each laboratory group within this
study, whereas each member of the SRI study hadava. The difference can be made that
students working in collaborative groups have tarsldevices and might not be afforded the
opportunity for autonomy with a device. In othewrds, some students might become more
skilled in using devices than students who havedawice for themselves.

Zucker et al. (2008) reported that the Technolégihanced Elementary and Middle
School Science Il Project (TEEMSS), a project tieatived its support by the National Science
Foundation, conducted a study on the efficacy offmater and probeware use in elementary and
middle school grades. From the study, 15 inquagda units were developed and given to more
than 100 classrooms made up of over 60 teacherthandands of students. Consequently,
teachers who were involved in the study completezglacademic year of teaching without the

use of TEEMSS materials (computers and probewtre), taught the following year with the
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use of TEEMSS materials. Comparison data was araylable for 8 of the 15 units; however,
the results described that four of the units shoaveynificant difference in student learning,
while the other four units did not show significdesirning (Zucker et al., 2008).

The TEEMSS study provided one of the closest tatioms with the present research
study. In the TEEMSS study, students were askedéqrobeware to extend their learning on
prescribed science units, and afterward their aelnmrent was measured. This research study
had a similar design for implementation of techggldhowever, students involved in the
TEEMSS study were enrolled in grades 3-8. Obvigukk level of cognition between primary
grades and undergraduate level work is not for @mepn.

Yerrick (2010) reported on the effects of introshgcscience-based technology into a
suburban New York middle school, during the 200088chool year. In the study, middle
school students were supplied with MacBook comguaérngside probeware. The teachers at
the middle school were trained on how to effectivetorporate new technology-based
standards into their present science curriculumcollaboration with researchers from the State
University of New York at Buffalo, teachers incorpted strategies that would create a
technology-based environment more conducive toseiéearning. After one year of
implementation of the program at the middle schdata was gathered through a pretest/posttest
instrument, a survey, and student interviews. d¢ woted that the increase in technology was
directly proportional to the increase in studertiazement as measured by the New York State
Grade 8 Science assessment. Furthermore, apprekyB88% of students agreed that they were
satisfied or even very satisfied with how the usgeohnology-based tools fit into the scheme of
classroom instruction. Overall, the findings fréme New York state middle school project

yielded positive results in student achievementsatisfaction (Yerrick, 2010).
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When compared with the outcome of this reseanathysthe results are incongruent.
Students in the middle school program made sigmfigains in achievement and self-efficacy.
However, the college chemistry | students involirethis research study did not see measurable
differences from their use of technology; hencadents using traditional or typical equipment
to carry out laboratory experiments produced regtuit were seemingly just as good as students
in the treatment group. It is important to notattithe middle school students were allowed to
use the technology for the entirety of their schadr, whereas the students in this study were
limited to less than one college semester.

The National Center for Educational Statistics @Q0&tated that data from the 2000
National Assessment of Educational Progress destalirend in students’ scores for those who
were given the opportunity to engage in sciencenleg through the use of probeware. Among
students enrolled in science coursework as sertarse who were given the chance to use
probeware one to two times per month had scoretfisigntly higher than students who were
not given the same opportunity. Likewise, studemi®lled in science coursework as seniors
and who were provided computers to be able to aealata scored higher than students who
were not given computers (National Center for EtlonaStatistics, 2002).

In comparison to the student description as giwethe National Center for education
statistics, students involved in this researchystuere given probeware in order to collect and
analyze data. Whereas the NCES reported signifgains for seniors through their
manipulation of probeware, the undergraduate stsd#rthis research study did not reveal that
the inclusion of technology made any differencetair achievement or self-efficacy. Unlike
the seniors, students within this research studgwet given computers to use in the aid of data

collection and analysis. Therefore, the treatmtitin this research study was limited to
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whether students used the technology-based appto@acmpleting gas law experiements or
not.

Linn and Hsi (2000) described the effectivenesgrobeware through the examination of
a project referred to as the Computer as Learnarther (CLP) project. In this project, middle
school students were assigned a specific curriceombedded with the use of computers and
probeware. For eight semesters they were giveamseicontent that required them to interact
with technology. When compared, the students wdtundergone the treatment of the CLP
project outperformed their cronies that were membéia non-CLP group (Linn & Hsi, 2000).

One striking feature of the Computer as Learniagrier (CLP) study was that students
were allowed to use technology frequently and &tastly. Certainly, any misconceptions that
students may have had with the use of technologg stymied through their ongoing
exploration of science at the hands of the techgwlmfused curriculum. Obviously, the more
students were afforded an opportunity to interath the technology and each other; they
became more experienced in the use of the techyalog could therefore focus on the
objectives of the content rather than intricaciegperating the equipment. For many of the
chemistry students in this research study, it mingivte been their first time interacting with
probeware; moreover, they were more concernedaeitifectly using the equipment than
ascertaining the overall learning process. Coreeityy this limitation could ultimately interfere
with not only achievement, but self-efficacy asiwel

Thornton (2008) summarized that research invol#mge physics curricula and the
implementation on the use of technology-based egipdins such as probeware, created an
environment in which students became research-bagshadir mission to understand the content

that was being delivered to them. Furthermorefrgguency and variation with which physics
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students employed the technology led to concepiudérstanding and gains in achievement
(Thornton, 2008).

The curriculum for the undergraduate chemistrgsiavolved in this research study did
not contain any directives on the use of technologyomplete chemical laboratory
experimentation. Outside of a general course gegur, the instructor involved in this research
study possessed full autonomy in their decisionayt the course was conducted, including the
choice of laboratory experiments and how they wdnddnvestigated. The looming difference
between the three physics classes discussed bytbhoand this research study, was that the
physics classes had guiding directives embeddddnatiteir curricula that called for the use of
technology-based pedagogy. The three college ctgnaiourses in this study were only
directed by the decisions of the instructor.

Schneider et al. (2002) conveyed that test scooas fenth and eleventh grade students
had improved through the addition of probewaretagie curriculum. The results came from a
comparison that was made between students whodweaddfforded the opportunity to use a
project-based science curriculum. The curriculingwn as the PBS curriculum, included the
use of computers and probeware for students tbleet@interact, collect, and analyze data
(Schneider et al., 2002).

Again, the inclusion of technology within a giveurgculum has provided a springboard
for the use of devices such as probeware and $fyeseasors in many middle and high school
settings. What is not only absent from the chamisburses of this research, but also many
other undergraduate courses in science, is thegoavof a curriculum with technology-based

instruction. Perhaps if a technology-infused @ulim were implemented into undergraduate
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science courses, the students of those coursesl weeltheir efforts come to fruition at the
hands of technology.

The National Research Council (2006) noted that 2006 report constructed for the
National Science Foundation, that previous trendscience education has found the
environment of the laboratory to be disconnectethfnormal classroom pedagogy.
Furthermore, the study brought forth the concegt tthday’'s laboratories are still not connected
to the flow of classroom instruction, and almosiyile a typical experience for the learner.
However, with the inclusion of a technology-baspgdraach, students would be able to develop
sharper reasoning skills, increase their undergtgraf course content, and nurture a deeper
interest in science (National Research Council6200

At the undergraduate level, most science laboragpgerimentation is to be carried out
at a different time than lecture. From this, studeenter the laboratory feeling that they are
somewhere else and that what is being completdteifaboratory does not connect with the
instruction they received while sitting under theture of an instructor. Furthermore, some
postsecondary laboratory settings have a diffanstituctor to carry out prescribed
experimentation than the person who is respongiblproviding classroom instruction.

Capobianco and Lehman (2006) reported that whexéza were presented with an
integration of technology in a teacher methods seutheir ideology of using technology
changed. From this, it was stated that for teacteebecome effective facilitators of technology
within the classroom, it is imperative that souedching practices become part of their strategy

when planning effective pedagogy (Capobianco & Lahn2006).
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As for correlation with the teacher methods coutise instructor responsible for
integrating technology into the chemistry coursesinalso be aware of what creates effective
instruction at the hands of technology.

With respect to theory in this research study, estisl were allowed to form groups of no
more than three, but no less than two, regardliessndrol or treatment group. With respect to
research question one and whether technology wwoldde a statistical difference in student
achievement, the sociocultural theory provided &van though student interaction would not
provide a panacea for difficult concepts for thestskilled individual, it would provide a
scaffold by which conceptual development for outezfch concepts could be achieved if only
taken one aspect at a time. In other words, stadeith a greater understanding of the content
being presented could assist less-skilled studdrgsefore, through these cognitive interactions,
the less-skilled individual within the group cogchsp concepts that were once unattainable.

Working within groups in a college chemistry segtprovided the opportunity for
individuals to interact. For students in the tneamt group, individuals that might have been
more comfortable using the technology could haaediated its worth to the more
technologically illiterate. Not only could the djgation of technology been delineated among
group members, but also the content in which stisdeere covering in each of the laboratory
experiments could have also been dissected. Coesty, students in the control group, even
though there was no addition of technology, cotildserve as more knowledgeable others in
helping less-skilled group members unsure of ldileoygorocedures transcend their limited level
of cognitive state.

With respect to research question two and whetteeiniclusion of technology made any

difference on student self-efficacy, Vygotsky’s isatiltural theory provided that group
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interaction could assist in helping to develop aerice in individuals who do not assess their
worth within a chemistry laboratory as significaloreover, by individuals assisting each other
in peer groups, students who are less confiderd travopportunity to gain confidence in the
how and what they are learning. This in turns fates these individuals a source of self-worth
and support to the individual’s self-efficacy asediectively functioning member of a social
niche, a laboratory environment in this case. kénichievement, students develop cognitive
constructs about their learning and gain self-wortareas that before the interaction ohare
knowledgeabletherwere not self-reliant.

The students found within this research study va#icrded the opportunity to work in
groups to conduct laboratory work in college cheémisMembers of both the control group and
treatment group were treated the same at the tiragp@rimentation; there were no differences
made with respect to group formation. All groupssisted of either two or three students. The
only difference between the control group and teatment group was the application of
technology. So, each laboratory group of the comi@d to work together as a cohesive unit to
complete both gas law experiments, and all memifdise treatment group worked collectively
with technology to complete the same laboratorygassents as the control group.

Through the comparison of sociocultural theory #msl research study, it has been noted
that students who are placed within groups havigleeh chance of increasing their cognitive
development as well as self-efficacy. The contioasiveen this study and Vygotsky’s
sociocultural theory was that there was no staisgignificance measured that working in
groups help foster an increase in overall studelmeaement and self-efficacy; thus, Vygotsky’'s
sociocultural theory provided a framework by whathdents were examined within this research

study through the lens of peer interaction. Ovetla¢ application of the sociocultural theory
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provided groundwork for assisting students in r@aghigher achievement in the college
chemistry laboratory.
Conclusions

Currently, multiple research studies have been ddneh focused on the efficacy of
technology-based instructional tools and their fps®utcome with student learning and
achievement. From those results, evidence hasregenled that student academic performance,
as well as an increase in student engagementyeecpositive remarks (Lapp et al., 2000;
Pullano, Garofalo, & Bell, 2005; Brunsell & Hrej@010). However, findings have also been
provided that conveyed that additional in-depthkagirould be fulfilled; furthermore, there have
only been a limited number of studies surroundirgguse of technology-based instruction within
the science classroom as well as the actual natuadoratory awareness (Thomas et al., 2004;
Higgins & Spitulnik, 2008). Accordingly, educati@nnstitutions have concurred that the role of
the undergraduate chemistry laboratory is an ialquart to overall student learning; however,
additional research has described that the impogtahthe laboratory environment may be in
how effective the laboratory is in providing an gamment that is conducive to a positive
learning experience (Brewer & Cinel; Harrison & MpR013).

Research has conveyed the perception that fourt&in to be sound within a
technology-driven environment, much energy andaotin must be given in order to reach
attainment of effectively incorporating technolagso the curriculum (Gado et al., 2006). Other
research has called for teacher responsibilityigtsssfully incorporating pedagogy that was
conducive to learning; furthermore, the directivasvgiven that for teachers to be effective, they

must first show fluency in the use of technologgrésell, 2009).
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The importance of this research study is thatstth&en place at the undergraduate level.
The focal point of prior research studies has lxegrnered on the effectiveness of technology-
based instructional design in elementary, middié, lsgh school settings. Little research has
been conducted to investigate how these scienasdliasls may or may not be effective within
postsecondary settings. Perhaps one rationabgtaie why more undergraduate institutions of
learning do not undergo a paradigm shift to teagllmeemistry through the lens of technology
may lie in the fact that faculty members are nohfmtable using new apparatuses, or yet they
may not have received formal training on how t@etively implement such pedagogy into their
curricula.

Nonetheless, the fact still remains that undergaselahemistry laboratories tend to shy
away from the inclusion of these modern, technolbgyed applications. Even though most
students efficiently make use of other generaletgies such as email, wireless devices, and
computers, there remains a significant variatioemviht comes to students using technology-
based tools to both collect and analyze data witienundergraduate chemistry (Kennedy et al.,
2008).

Therefore, the heart of this research study wasto a deeper insight on the
effectiveness of technology-based tools withinuhdergraduate niche. The findings given
within this research study have provided a basigppropriately examining effective
pedagogical practices in postsecondary chemidbgrédory environments. From the data
analysis of both student achievement, as well kefeacy, students did not gain any statistical
significance when using technology-based instraetionethods to conduct laboratory
investigations when compared with traditional mealgr instructors, this investigation has

provided evidence that traditional ways of condugtthemistry experiments will not only
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suffice, but also provide results that are equ#htse of technology-based methods. This may
be essential information as some institutions thekprofessional development and funding to
fully apply a technology-based approach to presigsturricula. As students of science move
toward careers that are science-based, it is irtiperthat the latest technologies be used.
Taking on a real-world approach to instruction witthe classroom and laboratory will give
students a sense of learning that is meaningfuth®it proper instruction and guidance by
postsecondary institutions, students of the futoag find themselves in an ever-increasing
competition for gainful employment in scientificrears.

Therefore, the overall priority for undergraduategrams of science should be to
prepare individuals to transition from college ictreer-ready niches. Though the tasks
students will be asked to perform in a future jettisg will not be exact repetition of the
activities and experimentation they are presentdd at the postsecondary level, they should be
offered a chance to develop critical thinking skillvith the inclusion of technology-based tools.
Thereby, students will be afforded the opportutitascertain a foundational understanding of
what may be required of them beyond the colledatel; moreover, those skills should enable
individuals to excel in all phases of scientifigdbased career.

Implications

Overall, there was no evidence of statistical ificgnce to warrant the use of
technology-based tools within the undergraduatencstey laboratory. This statement translates
the idea that students can be just as effectippstsecondary chemistry experimentation given
the right instruction and provision of necessamyipapent. Furthermore, the extrapolation of
data from theConceptual Problems Gases TESPGT), as well as th€ollege Chemistry Self-

Efficacy ScalédCCS$, shows that students had equal success regaodléss presence or
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absence of a treatment. From this, a generalitypeamade that if the research study was
repeated with the treatment group becoming therabgitoup, and the control group becoming
the treatment group, the data would provide thatethivould still be no statistical significant
difference between the groups. In other wordall ifthe students of each group, the control and
treatment, were to exchange places, all studentdowWwiave just as good of an opportunity to
succeed regardless of the presence of technology.

Several reasons have been provided in the restartiie gap that exists between the
inclusion of technology in the classroom and ackmesnt. Barnes et al. (2010) stated that
student perceptions would need to change for tlvelne table to gain sufficient learning at the
hands of technology in the science classroom. ediisdnust possess the ability to recognize that
the influx of technology and the changes thatiids are for their good, and to be used to
further deepen their prior understanding of scfentioncepts; consequently, their livelihood
within a technology-based laboratory environmenmtiisctly proportional to maintaining a
positive attitude toward the application of teclogl-based tools (Barnes et al., 2010). In the
article The Effects of Problem-Based Learning Instructiorumiversity Students’ Performance
of Conceptual and Quantitative Problems in Gas @pg it was described that students’
performance in the classroom and laboratory wemgesines directly linked to their motivation.
In this case, student performance could be asnedais both achievement, as well as self-
efficacy. However at other times, student perfarogawas indicative of students not having the
ability to examine science at a deeper level (Bil§enocak, & Sozbilir, 2009).

From this research study, it has been shown tleatigk of technology did not provide
enough stimuli to statistically change how studéeltsabout working in the laboratory as

measured by the Collegghemistry Self-Efficacy Scal€CS$, nor was there any difference
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made on achievement as measured btireceptual Problems Gases TESPGT). Perhaps

the lack of motivation or even unpreparedness erp#rt of the student stymied their success.
Another reason why the gap in learning exists asegnted in the research study is due to the fact
that there was only one instructor responsiblaifoizing the technology in a way that student
learning was increased. Even though the backgrofbitite instructor was validated by their
years of service in teaching chemistry, and hahiagj received some professional development
in the use of technology-enhanced tools, some stadeay not have responded to how the
technology was presented. This could be due tmdisect between topics the instructor
received in professional training, and those topibsre the instructor received no prior training.
In other words, instructor insecurities might héseen conveyed to the students if the instructor
conducted laboratory sessions before first recgifenmal training specific to the experiment
being given.

Irving (2005) concluded that a staggering 50% orevad first year chemistry included
never received any formal training or professiai@lelopment on how to effectively
incorporate technology into the classroom. Thesfsome of the problem as to why students
do not smoothly adhere to new pedagogical methajsba because instructors do not feel
confident that the technology will be as successéulraditional methods, and this attitude is
translated to the learner. Furthermore, it is ingd to note that student achievement or self-
efficacy may not solely depend on an instructoriewledge of technology, but also with the
efficacy with which an instructor discloses teclogyl-based approaches in the classroom and
laboratory; moreover, hands-on learning and theofisechnological tools in science instruction
is directly linked to how well the teacher not onkgeeds to know how to use technology, but also

know when to infuse technology into the scienceiculum. Obviously, teachers must receive
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proper training for the use of technology to haeaddicial results within the classroom
alongside becoming an integral part of the edunatiexperience (Dani & Koenig, 2008).

Therefore, the gap that exists in the use of teldgyedriven applications within an
undergraduate chemistry laboratory and their affeness on student achievement and self-
efficacy will remain open. By the close examinataf the results of this research study, there is
little evidence to purport that the treatment madg difference in the total outcome of student
achievement and self-efficacy. Beyond statisigallysis, these findings translate the ideology
that even though current undergraduate studenisnanersed in a technologically advanced
world, they do not solely depend on technologyaimedemic support and extension of learning.
Perhaps the way in which the technology is useliwthe classroom does not closely mirror the
application of various technologies, which are camplace to the student.

Limitations

The limitations that arose in this study were ggvant selection, location, time
constraint, and the use of a posttest-only designdasure student differences. Each of these
limitations was examined in respect of their inflae on the research study, as well as both
internal and external validity threats that maysexi

The total sample population measured in this rebestudy was limited to 52, of which,
22 were in the treatment group and 30 were in timérol group. The low sample size was due
to the investigation only being conducted at orseaech site; therefore, the population was
gathered from students taking college chemistnyrindy the fall semester of 2014. Due to
participant selection, a selection bias could pie\a threat to the external validity from the
small sample size as the population may not tresyesent other sample sizes in different

institution and at different times throughout tltademic year. However, due to results from the
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student demographics survey, the total populatias moted as statistically similar. Hence, from
the results of the demographics survey, 90.4%4ii)-of students were between the ages of 18
to 24. Three-fourths of the students (75%, n =@ male. The examination of ethnicity
provided that 88.5% (n = 46) of the participantseMéaucasian. Relative to marital status, 82%
(n = 41) of participants were single or had neveerbmarried. Seventy-six percent (n = 38) of
the students had employment outside of the schoat@ment. The college chemistry | course
was not the first college science course for 96(2% 50) of the population; furthermore, 76.5%
(n = 39) of the students examined in the study idened a science-based career to be their first
choice of college major. Overall, a close examamabf the generalized student participant in
this research study would reflect a single, Caarasiale between the ages of 18-24, who had
already completed at least one college sciencesepwas a science major, and had a job. This
being said, the average college chemistry | stufibemtd within the parameters of this research
study was identified as being generalized, ankafresearch study was repeated with a similar
focus group, the results should be similar. A gmdeghreat to the internal validity of this study
with respect to a low sample size of 52 participatuld be that the population does not
represent a true sample when compared with a razddrdesign. Because students were
already placed into their respective courses abtiset of the fall 2014 semester, the sampling
was not random, but non-random. One could queghianbecause the population was not
selected randomly that the treatment would not hheesame effect that it may have had
peradventure random selection was utilized. Howetes threat is reduced because all students
who participated in this research study share combazkgrounds as given by the
demographics data. Due to the protocol in whicklents take courses in college, the researcher

could not anticipate the same population beingledan college chemistry | more than one
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semester. As the fall semester has the highestigtogm of students enrolled in college
chemistry | at this particular institution, it pided the highest possible sample number than any
other semester during the college academic yet@llpgpring, and summer.

In conjunction with the low sample size for theearch study, another limitation was
that the research study was location. As sevérdles have been conducted on the use of a
technology-based instructional approach within @etary, middle, and even high school levels,
few of them have focused on the postsecondary Ievaiemistry; therefore, this research
provided a novel framework within the context afd#nt achievement and attitude at the
postsecondary level in chemistry laboratory expentation. Because this institution only
represented a small fraction of the institutionthimm southeastern United States, the likelihood of
the results being replicated at another locatiahtane served as a possible threat to external
validity. Perhaps the rationale behind why manyl&s have not been conducted at the
postsecondary level is because most college chanomtirses that require laboratory have not
accepted the notion of using simple probewareptace traditional laboratory means of
collecting and analyzing data. Even if multiplélege institutions subscribed to using items
such as gas sensor probeware, the means by wikichators both teach students to collect and
analyze their findings may differ due to differeade such things as course rigor, course goals,
instructor knowledge and experience in using tetdgyo and student training. Perhaps better
results may be examined if multiple institutions@vexamined on their use of technology-based
tools through a time-series or even longitudinatigs. An identified threat to the internal
validity was that the treatment results may noabeurately measured based on the prior
learning of students. In other words, some stugdetio participated in the study could have

come from different backgrounds where the inclusibtechnology may have been introduced.

98



However, most students who attend this institudome from similar public school backgrounds
from the surrounding area. Therefore, studentswd@ primed to technology may bring prior
knowledge into the research study; however, as unedsy independent t-tests, there were no
observable difference between achievement ancefetbcy.

This research study focused on the effectivenkesednclusion of science-driven
technology at the postsecondary level. One conesdirat the researcher was under a time
constraint. Limited time availability reduced thiorts to examine the treatment effect over
multiple topics within undergraduate chemistry. t&shnology-based equipment is designed to
measure a world of variables such as temperattteampd dissolved oxygen, this research study
only focused on how well students performed, assuea through th€onceptual Problems
Gases TedqiCPGT), or how they perceived their self-worth througk €ollege Chemistry Self-
Efficacy ScaldCCS$. Both of these instruments assessed studemtmatmn within the unit
on gas laws only. Because instruction at the gellevel is high-paced, there was not sufficient
time to further incorporate extended research imoua areas of chemistry such as stoichiometry,
acids and bases, and bonding. This time constraatplaced upon the researcher by not only
the pace of the college chemistry | course, but dise to the fact that there is so much
information that is to be covered within a givemsster. A possible threat to the internal
validity of the study was that the results of thdapendent t-tests may have differed if students
had been allowed to use the technology-based agpfoaa longer amount; hence, the
effectiveness, by which students could have cabteind analyzed data, may have increased as
their understanding of the application of sensoi @obes became more user-friendly.
However, because the research study did not meaffectiveness of technology-driven

applications over an extended period of time, {@se was provided for students to drop out of
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the research study; therefore, the mortality thwest lessened. A possible threat to the external
validity because of time constraint was that thelgtmight not have accurately portrayed
treatment results if the study was replicated diffarent institution within different time
constraints.

The final limitation to be discussed was the chadcase a posttest-only design to gather
data. If a pretest had be given prior to the onketach of the two laboratory experiments, then
student achievement data may have better refléaiedearning. In other words, if students had
been given a pretest before the inclusion of thattnent, the score from that pretest could have
been compared against the scores of the posttagt.comparison would help to support the
notion that students were ideally the same befoyen@anipulation. Because a pretest was not
given in this research study, we can only proviskuanptions that all students at the onset of the
research were statistical the same based on theligbounds. This assumption is a risk to the
internal validity of the study. However, the ra<uafltheir true learning may not have been
accurately measured due to the fact that we dé&mmt how much they knew prior to
experimentation. If the research study was repaatether areas of the United States or even
other countries, a generalization of the populati@y not be acceptable as different areas have
greater diversities within the demographics; hettas,threat to external validity must be
assumed as possible.

Recommendations for Future Research

For future research studies, there are severatme@mdations that should be made to
better investigate the use of technology-basedagins in undergraduate science courses.
First, more studies should be conducted not onlynisergraduate chemistry, but other science

courses such as biology and physics. As mostaeieoursework at the undergraduate level

100



requires a laboratory session to successfully g@mester credit hours, the platform for research
in different science courses is available. Anoteeommendation for further research is to
include more students in the total population. tis research study included a total of 52,
higher sample numbers could provide more poweefescted in a statistical analysis, and
therefore stronger validity to a study’s impact.

Alongside a higher sample number, multiple instos with diverse backgrounds should
be investigated to assess whether technology-h@estatjogy may have an effect on students of
different ethnicity, geographic locale, socioecoiostatus, and even gender. Additional studies
within international contexts should also be inigeged and compared against similar studies in
the United States; consequently, if other countny&thodologies provide more effective
strategies for learning through technology-basesigths, then a call for action should be made.

Still, additional studies may also include a difier research design. Particular to this
research, the use of a nonequivalent control gvatipposttest design was used due to the
assignment of students to each chemistry coursegfthre, the ideal randomization of students
was not possible. Future studies may include ihffedesign strategies that would provide
better blending of students to ensure true randatoiz. An additional recommendation for a
future study would be to examine what effect a @ssional development program would have
on preparing teachers to deliver technology-baseigogy more effectively, and in turn the
effect on student achievement and mastery of seieantent. Lastly, research designs including
longitudinal and case studies may peer deepehimiostudents truly perceive learning at the
hands of technology within the science laboratdriis research only focused on one unit in

chemistry, the gas laws, and was measured inHe@ssane college semester. If more units could
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be examined and the effects of technology measureda longer period of time, the results

may Yyield a different picture than was conveyethia research study.
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APPENDIX A
Conceptual Problems Gases Test Permission L etter

On Fri, 11 Apr 2014 16:25:40 +0000, "Byrum, Darrell Scott" wrote:
Dr. Bilgin:

| hope | am using the correct email. | tried contacting you at the university where you work;
however, due to language barriers | was unable to reach you. | am currently working on my
dissertation at Liberty University in Lynchburg, Virginia (USA). The focus of my work is on the
effectiveness of digital probeware in the chemistry laboratory. While conducting research,

| discovered that two of the instruments that | need in order to conduct my research are from
your works. The two instruments needed are the Chemical Equilibrium Achievement Test
(CECT) and the Conceptual Problems Gases Test (CPGT). As both of these instruments align with
my writing and research, | ask your permission to include them in my dissertation. Therefore,
may | have your permission to use the assessments, and if so, could you please attach them in
your reply? | certainly appreciate your consideration as well as the work you are doing in the
field of science education. Thank you very much for your consideration in helping me achieve
my goals.

Thanks again,

Darrell Scott Byrum

From: ibilgin@mku.edu.tr

Sent: Thursday, April 17, 2014 4:48 AM
To: Byrum, Darrell Scott

Subject: RE: Permission

Dear, Darrell Scott Byrum

| am sending you Conceptual Problems Gases Test (CPGT) as an attachment file. Also | am
looking for Chemical Equilibrium Achievement Test if | find it, | will send it you. | think that it
will be helpful for your studies.

Best,

ibrahim Bilgin
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APPENDIX B

Permission Correspondence for Dellege Chemistry Self-Efficacy Scale (CCSS)

Re: CCSS Permission Request
Esen Uzuntiryaki <esent@metu.edu.tr>
Sat 3/1/2014 8:32 AM

To: Byrum, Darrell Scott <dsbyrum@liberty.edu>;
Dear Darrell,

You can use the CCSS. Thanks for your interest.d3ack in your studies.

Esen

Sent from my iPhone

On Mar 1, 2014, at 4:44, "Byrum, Darrell Scottisbyrum@liberty.ede wrote:

Dr. Uzuntiryaki Kondakci:

My name is Darrell Scott Byrum and | am a doctoral candidate at Liberty University in
Lynchburg, Virginia, USA. After looking over the College Chemistry Self-Efficacy Scale (CCSS), |
have come to the conclusion that this particular instrument would be beneficial to implement
in my current dissertation. Therefore, what do | need to do to gain permission to use this
instrument in my current research study?

Thank you,

Darrell Scott Byrum
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APPENDIX C

LIBERTY UNIVERSTY

INSTITUTIONAL REVIEW BOARD
September 19, 2014

Darrell Scott Byrum
IRB Exemption 1969: The Effects of a Technologyver Science Application on Student
Achievement and Self-Efficacy in Postsecondary Gkegn A Quasi-Experimental Study

Dear Darrell,

The Liberty University Institutional Review Board$ireviewed your application in accordance withGffiéce for
Human Research Protections (OHRP) and Food and Bdognistration [FDA) regulations and finds youugy to
be exempt from further IRB review. This means yayrhegin your research with the data safeguardigitpods
mentioned in your approved application, and thatunther IRB oversight is required.

Your study falls under exemption category 46.1012 which identifies specific situations in whiblaman
participants research is exempt from the policyfaeh in 45 CFR 46:

(2) Research involving the use of educational {gstgnitive, diagnostic, aptitude, achievementjyey
procedures, interview procedures or observatigrubfic behavior, unless: (i) information obtained i
recorded in such a manner that human subjectsecatehtified, directly or through identifiers lingéo the
subjects; and (ii) any disclosure of the humanesib]j responses outside the research could redgpiate
the subjects at risk of criminal or civil liabilityr be damaging to the subjects’ financial standing
employability, or reputation.

Please note that this exemption only applies to gawent research application, and that any chatmgour
protocol must be reported to the Liberty IRB forifieation of continued exemption status. You magart these
changes by submitting a change in protocol forra new application to theRB and referencing the above IRB
Exemption number.

If you have any questions about this exemptiomemd assistance in determining whether possiblegesato
your protocol would change your exemption statiesage email us at irb@liberty.edu

Sincerely,

Fernando Garzon, Psy.D.
Professor,

IRB Chair

Counseling

(434) 592-4054

LIBERTY

UNIVERSITY.

Liberty University \ Training Champions for Chrisitce 1971
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APPENDIX D

E-MAIL INVITATION TO PARTICIPATE IN RESEARCH STUDY

Date: September 9, 2014

Mr. John Doe

Chemistry Student
chemistrystudent@research.com

Dear John Doe:

As a graduate student in the School of Educatidnbetrty University, | am conducting research
as part of the requirements for a doctoral degiide purpose of my research is to gain insight
on the effects that technology has in certain apéabemistry. Specifically, | want to know if

the use of technology within the chemistry labonatwill have an affect on student achievement
and self-efficacy, and | am writing to invite youparticipate in my study.

You have been chosen to receive this invitatiorabse you are currently enrolled in college
chemistry . If you are willing to participate, youll be asked to complete a short demographics
survey, two assessments about chemistry laboradad/a follow-up scale (survey) about
yourself. From the onset of the study, it shoultydake approximately 2 weeks for you to
complete the requested items above. Your partiopatill be completely anonymous, and no
personal, identifying information will be required.

To participate, you will log in to your Blackboaagcount and follow the directions of your
chemistry instructor. The directions will be simpind links will be provided periodically so
that you may participate. A consent document valldcated under your Blackboard course.
This document will become available a few days teethe onset of participation. The consent
document contains additional information about esearch, but you do not need to sign and
return it. Please complete the survey within Blazdd to indicate that you have read the
consent information and would like to take parthia study.

If you choose to participate, you will be automalliz entered into a drawing for 5 Wal-Matrt gift
cards.

Sincerely,

Darrell Scott Byrum
Liberty University Doctoral Candidate

122



APPENDIX E

Demographics Survey

1. What is your age?

0000000

18to 24
25to0 34
351044
45 to 54
55 to 64
65to 74
75 or older

2. What is your gender?

o
o

Female
Male

3. What is your ethnicity? (Please select all tygily.)

o
o
o
o
o
o

American Indian or Alaskan Native
Asian or Pacific Islander

Black or African American
Hispanic or Latino

White / Caucasian

Prefer not to answer

4. Which of the following best describes your entrrelationship status?

0000000

Married

Widowed

Divorced

Separated

In a domestic partnership or civil union
Single, but cohabiting with a significant athe
Single, never married

5. What is the highest level of education you heamapleted?

0000000

Graduated from high school or equivalent such aB GE
1 year of college

2 years of college

3 years of college

Graduated from college

Some graduate school

Completed graduate school
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6. Are you currently employed outside of school?

O Yes
O No

7. Is this your first college science course?

O Yes
O No

8. Would you consider your choice of college m#&fobe science-based?

O Yes
O No
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