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DEVELOPMENT OF A CONCEPT EXPLORATION BASED TEACHING
METHODOLOGY FOR UNDERGRADUATE CHEMISTRY EDUCATION

NICOLE GRAY
INTERDISCIPLINARY ENGINEERING
ABSTRACT

Science in general has traditionally been noteal difficult subject because of its
specialized language, mathematical and abstracepts, and the amount of content to
be learned in a semester. In particular, studmmetdelieved to base their attitudes
towards science-related disciplines on their pgezkabilities in understanding or
succeeding in a course. Other factors may alstribate to this lack of interest, such as
students’ metacognitive skills. Concept mapping eomputer-aided tools may be used
to assist students in building hierarchical knowkethases that allow them to visually
represent connections between concepts. Therd¢f@@urpose of this study was to
compare the effects of students using alternagigening aids (concept maps, ontology)
to traditional learning aids used in an introdugtanemistry course.

This study consisted of three phases of implemiemté&tontrol, treatment 1, and
treatment 2 groups) over a three semester peRbdse 1 consisted of the control group,
phase 2 consisted of the first treatment group thi¢haddition of the four concept
mapping homework assignments in the curriculumprake 3 consisted of the second
treatment group with the integration of the same fmncept mapping assignments as

phase 2 with the addition of using the Creontordr@hemistry” ontology software.



Students in all three phases were assessed tiamipsdized examination
guestions that were based on the four concept mgpppics and pre- and post- surveys
administered at the beginning and end of the seneStudents in phase 2 and 3 groups
were also assessed from their constructed concaps to measure their abilities to
explain connections between key concepts.

The results of this study suggest that studentsasbated concept maps using the
Creonto “Intro Chemistry” software performed betterexams and were able to make
more connections when creating concept maps compaistudents who did not create
concept maps or use computers to assist themthE@xams, there was a statistically
significant difference between treatment groupsireg 1 and 3 mean scores. For the
concept maps, there was a statistically significkifitrence in students’ abilities to
explain connections between key concepts. Theseneastatistically significant
difference in attitudes toward chemistry betweesugs in this study. However, there
was a significant statistical difference in metautyge skills between the groups. More
research is needed to gain a better insight irtiofa that might have affected students in

the course.

Keywords: Chemistry education, Concept Mapping, Ontologyitédes towards

chemistry, Metacognitive skills
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CHAPTER 1
INTRODUCTION

In college, students are expected to take a nnajerin their learning process, be
self-motivated, assess their learning strategies salf-diagnose and modify any learning
discrepancies they may have (Nordell, 2009). Tdeebpment of students’ scientific
literacy is not only essential for them to succeed course but also a critical skill in
grasping the knowledge of real world issues (Ddadt & Torress, 2010). This is
definitely true when taking chemistry courses. @lstry courses are often regarded as a
difficult subject and are traditionally noted asngevery hard to understand (Tai, Sadler,
& Loehr, 2005). Most students who enroll in intuatbry chemistry courses may not
fully understand the subject matter, and therefioag draw their own conclusions about
the subject based on their own current knowledge lBidakhleh, 1992; Pekdag, 2010).
As a result, educators and researchers are spesidmfjcant time to discover
innovative ways to enhance their teaching methagoto make the learning process
engaging and easier to understand for their stgdent

Several studies in science education have invéstigaudents’ attitudes towards
chemistry as being a predictor of their academacsss in chemistry courses (Brandriet,
Xu, Bretz, & Lewis, 2011; Kan & Akbas, 2006; McOayt& Widanski, 2009).
According to McCarthy and Widanski, students’ negaattitudes towards chemistry
may decrease their appreciation of the subjectesult in a decline in enrollment of

students in chemistry related careers (2009). Branh&u, Bretz, and Lewis (2011)



examined changes in student attitudes in two génkemistry courses and their results
revealed that A and B students’ attitudes signifigaincreased from the beginning to the
end of the semester. However, D and F studeriigidds significantly decreased by the
end of the semester while C students’ attitudesneed the same. Therefore, their study
indicated that there may be a correlation betwén@des and success in general
chemistry. In another study, Bauer (2008) exammaatchemistry major students’
attitudes towards chemistry using the Attitude tawhe Subject of Chemistry Inventory
(ASCI) survey. His study revealed that the nonrgiséry majors’ attitudes towards
chemistry shifted from being less anxious and tédd being more emotional and
intellectually satisfied with general chemistry (Ba, 2008). Walczak & Walczak (2009)
interviewed students in a general education cheynisiurse about their attitudes towards
science over the semester and reported that stiadot demonstrated a negative attitude
shift indicated their frustration with their ownibitly to perform well in the course. With
these prior studies, changes in attitudes were imeds ot only on the participants’
attitudes towards the chemistry instruction butlmsubject of chemistry. These
studies revealed that students based their atsittmdeards chemistry on their perceived
abilities in understanding course content or suticggin the course.

Self-efficacy is a students’ belief in their ownldies to succeed at a task or in a
discipline (Williams, Kurtek, & Sampson, 2011). $esl studies have observed that self-
efficacy is associated with the changes in studettitudes towards the sciences
(Britner, 2008; Kan & Akbas, 2006; Lawrenz, Woodrdkhoff, Kim, & Eisenkratft,

2009; Marra, Rodgers, Shen, & Bogue, 2009). Itiqdar, a low science self-efficacy

may contribute to a student’s lack of interest@rcpived lack of abilities in the sciences



(Dalgety & Coll, 2006b). Lawson, Banks, and Log{2007) compared self-efficacy and
reasoning ability to achievement in biology usimgtest and posttest self-efficacy
science-oriented task questions. The resultsatelicthat both self-efficacy and
reasoning ability increased during the semesten fitee pretest to the posttest self-
efficacy ratings. Also self-efficacy estimates eévund to have a correlation with
achievement for students who were able to complaterete tasks (2007). Dalgety and
Coll (2006) examined factors such as learning egpees, attitude toward chemistry,
and chemistry self-efficacy that influenced studeahemistry enrollment choices using
the Chemistry Attitudes and Experiences Questiorr(&AEQ). The results showed
that there was no clear relationship between ststlarning experiences and their
enrollment intentions to continue to take additiatemistry courses. However, the
results indicated a relationship between chemssgtirefficacy and enrollment intentions
for students who were academically successfulercttemistry course (Dalgety & Coll,
2006b). In another study conducted by Britner @0the author examined science self-
efficacy beliefs between students in life, physieald Earth science classes using several
different assessments. In the Earth science dagsts had higher course grades and
reported stronger self-efficacy. In the life sdertlasses, girls also earned higher course
grades than boys but the scores did not correldkegivls having a stronger self-efficacy
related to science activities. However, in thegitgl science classes, the girls and boys
both had equally reported final course grades atieefficacy (Britner, 2008).

Therefore, self-efficacy may significantly predi&cstudents’ achievement in science
courses and thus contribute to their attitudes tdgvthe sciences. Since self-efficacy is

the beliefs that a student has about their alsliifea student has a low self-efficacy that



contributes to their negative attitude about chamis may result in their lack of
motivation towards learning chemistry and succegdim chemistry course (Reid,
2008).

Although students’ attitudes towards chemistry haeen shown to have an
influence on achievement in chemistry, there anerotactors which may contribute to
this issue such, as rote learning. Previous rebdas shown that many students learn
science concepts by using rote learning which fesws memorization by repeating the
items being studied over and over without actuedlgsidering or relating the meaning of
the information (BouJaoude & Barakat, 2003; Braetgl., 2001; Cooper, Grove,
Underwood, & Klymkowsky, 2010; Danipog & Ferido,220 Nakhleh, 1992). When
students use rote learning they are just memoririagnformation and therefore are not
able to gain the complex knowledge needed to utatedghe concepts. According to
Vachliotis, Salta, Vasiliou, & Tzougraki (2011) tedearning occurs when students are
not able to relate new information to existing kiedge. Therefore, one way in which to
improve the learning process for students is t@erage them to use meaningful
learning. Meaningful learning is when the learkadwledge is fully understood and a
student is able to relate that knowledge to prirmvidedge (Ebenezer, 1992). In other
words, students who are able to make connectiongba new and prior information,
build relationships between concepts, and integrate knowledge are considered to be
learning meaningfully (Danipog & Ferido, 2011). #hone learns in this manner,
he/she is able to recall the information and ig @bllink it to related information to give

them a better understanding of the topic.



In college, students are expected to possess nggiieiwe skills which allow them
to self-assess and determine whether or not tineienstanding of a topic is adequate
enough to complete the task at hand. These metdisegskills fall into three
categories: plan, monitor, and evaluate. Studehtsare able to possess these skills are
said to have good metacognition (Rahman, YasirffiArHayati, & Yusoff, 2010).
However, some students without knowledge in thgestilnay not be able to identify
these skills and determine if their understandihg pic is sufficient. According to
Nordell, some students are able to identify thernmiation in their notes or textbook and
understand the basic information but do not know tmanalyze or connect this
information to use in other contexts (Nordell, 2D0%his statement explains how
metacognition goes hand-in-hand with cognition. @tyge skills are used when a
student acquire, retain, and transfer that knovdedgcomplete a task at hand. While
metacognitive skills are used when a student isrey, monitoring, and evaluating that
information to complete the task (Ku & Ho, 2010).

Metacognition in chemistry is essential becauseay provide a way for students
to become familiar with their own thinking processad acquire a deeper understanding
of the concepts taught in the curriculum (Coopegna, & Stevens, 2008). For example,
metacognition can be observed when students ang tiy solve a problem and ask
guestions such as: “How might this topic relaten&?” or “What do | already know
about this topic?” (Lai, 2011; Nordell, 2009). Knd Ho (2010) examined metacognitive
strategies with undergraduate students with diffel@vels of critical thinking
performance using the think-aloud method. The ougaitive strategies were analyzed

using six thinking tasks and divided into planningnitoring, and evaluating categories.



The results showed that students who exhibited gatidal thinking demonstrated more
metacognitive activities in planning and evaluattigitegies. Therefore, a student’s
ability in evaluating their understanding of newcepts and awareness of how various
concepts fit together tends to lead to a greatderstanding of knowledge for the topic
(Rickey & Stacy, 2000).

One of the main issues in acquiring these metatogrskills is the ability to
organize the information and connect key concegsther (Kozma & Russell, 1997).
Therefore a learning aid such as concept mappindpeaised to help students build
hierarchical knowledge bases that allow them talse€onnections between concepts.
Concept mapping has been used in several sciescpldies such as biology, physics,
and chemistry (Buntting, Coll, & Campbell, 2006;dez, et al., 2011; Martinez, Perez,
Suero, & Pardo, 2012; Morse & Jutras, 2008). BagitCole, & Campbell (2006) used
concept mapping in their introductory biology ckessnd their results showed that
students found it useful as a tool for learningardkuyu (2010) investigated the effect of
concept mapping on attitude and achievement inyaipbicourse. The experimental
group constructed concept maps as homework assigamile the control group
completed traditional homework assignments on ed#tgt The results from their study
revealed that the mean scores on the physics arh&u post-test for the experimental
group were higher when compared to the control grothey also found that the
experimental group who used concept mapping regpdotbave a more positive attitude
towards physics than the control group. FechndrSumfleth (2008) investigated
whether concept mapping as a learning tool helpdesits understand chemical topics

better than writing a summary after completing amattal problem-solving task. The



reported results indicated that students who usedancept mapping tool outperformed
the students who wrote the summaries on the aaghiewetest scores administered after
the completion of the chemical problem-solving task

Concept mapping has been noted as a powerfulriashich students are able to
make meaningful and complex connections betweeoemia (Ebenezer, 1992). And
since chemistry is highly conceptual, a developnoésbnceptual knowledge for the
fundamental concepts may enhance students’ unddmstpof more advanced concepts
that build upon the fundamental concepts (Sirh@0/2 This has led educators to
integrate new learning resources into their clags®in order to help students grasp the
course concepts, acquire content knowledge, anmepscskills to make informed
decisions about their learning. According to Bauite and Attieh, one way in which to
improve the teaching/learning process is to engmusdudents to use meaningful
learning by use of concept mapping (BouJaoude &Att2008).

Although there are several studies on the usemeq@ maps in the classroom,
most of these concept maps have been developesebyfwnly keywords and linkages
provided by the instructor (Francisco, Nakhleh,fdobern, & Miller, 2002; Markow &
Lonning, 1998; Yesiloglu, Altun, & Koseoglu, 2008Dthers have been developed by
researchers based on participants’ interview ars{Makhleh, 1992; Nicoll, Francisco,
& Nakhleh, 2001; Pendley, Bretz, & Novak, 1994)owéver, there are limited studies
using computer-assisted concept mapping toolslfpdtedents create these concept
maps for learning (Kwon & Cifuentes, 2007; McCab@11; Pernaa & Aksela, 2008).
Some studies report on the comparison of studemstizicting concept maps by paper

and pencil versus computer generated concept nRgger and Royer (2004) compared



the use of paper-based and computer-based coneggtfor use in a biology class. The
students in the computer-based concept mappinggrsed the Inspiration software
program to create the concept maps. Inspiratifpshesers create diagrams, visual
maps, concept maps, and outlines with its diagnathnaapping tools (Inspiration
Software Inc, 2012). The results indicated thatdtudents who used the Inspiration
software created more complex concept maps compauitbe students who created the
concept maps using only paper and pencil. Theestscalso indicated that even with the
paper and pencil created concept maps they weed@binderstand the concepts better,
remember more things, find relationships, and aegatieir thoughts (Royer & Royer,
2004). In a more recent study, Erdogan (2009) @etpthe effects of paper-based and
computer-based concept mappings versus conventieamaiing on students learning
about computer hardware in a computer course. sitdents were randomly divided
into a control, experimental | and experimentarbups. Students who generated the
concept maps using computers used the Inspirabiftvware program. Pretest and
posttest assessments were administered to thegtoeps to measure the achievement
on the computer hardware unit, computer anxietgt, @mputer attitudes of the students.
The results showed that the concept mapping grpegermed better on the computer
hardware achievement test compared to the convehtethod group. However, the
results revealed no significant difference in ssdretween the paper-based and
computer-based concept mapping groups on the aahev test. Therefore, this study
indicated that concept mapping, whether it is aaeséd by way of computers or by

hand, can have a positive impact on students’ gement in a course.



Computer-assisted concept mapping tools only astsidents in visually creating
the concept maps, but do not allow students tooeghe concepts and their
interconnections between related concepts usingtemet. Research has shown that
learning through the internet through a structueadning environment may engage
students as active participants in their learnirgg@ss and promote inquiry and
knowledge construction (Hargis, 2001). Pernaasskstla (2008) developed a web-
based learning environment using concept mapshendeb for learning chemistry.

Their goal was to design a web-based learning enment for easy navigation of
materials based on information in insect chemisiirige concept maps in the web
environment were created by CmapTools program. fdimals software is used to create
concept maps with the possibility of adding me@isources such as animations, pictures,
and documents (CmapTools knowledge modeling kit220 The results from the survey
administered to high school chemistry teacherscatdd a high acceptance of using the
web-based learning materials for insect chemistitly the use of concept maps. The
teachers also strongly agreed that the use of ppntaps were an excellent or a good
navigation tool for the web material (Pernaa & Aks@008). Chou, Chen, and Dwyer
(2011) examined the instructional effectivenesdifiérent types of concept mapping for
online learning about the human heart. The trawigti concept mapping group received
concept maps which summarized the main concepast@tsinto the instructional
material, and the visualized-based concept mapgiogp received the same instructional
material that combined static heart images withtthditional concept maps. The
reported results showed that students in the vimdrbased concept mapping group

outperformed the students in the traditional cohosggpoping on identification and



terminology questions. The authors attributedelresults to the incorporation of the
visual images of the concepts with the textualnmiation integrated into the concept
maps.

Although these previous articles used the web andept mapping for learning,
use of the web for educational purposes is stilited due to the vast amount of
information provided on the internet which may besented without relevance or have
misconceptions that may hinder a novice learnerdida2001). Therefore, ontologies
may be helpful in obtaining information from theeémet by describing related
knowledge and identifying useful and connectedrimiation in a domain of interest such
as chemistry (Chen, 2009). Swartout, Patil, Knightd Russ defined an ontology as a
hierarchically structured set of terms to descaliBbmain, which can be used as a
skeletal foundation for a knowledge base (Swarteatil, Knight, & Russ, 1997).
According to Tsali, students who perceived the imgeas a tool for learning showed
more interest in the content or cognitive actigtvehen engaged in internet-based
learning activities (Tsai, 2007). Chen (2009) stigated the effectiveness of their web-
based ontology concept map system using studeatsnathematics course. The results
indicated the system was helpful in promoting leagmperformance from the students.
Also, the system was designed specifically fordbecepts covered in the mathematics
course which gave the students a more persondéaecing environment. Wang, Peng,
Cheng, Zhou, and Liu (2011) investigated the udenofvledge visualization maps
designed from concept maps for self-regulated erikarning. The reported results
showed that the students had a positive attitudarids using the online learning system

and they were willing to use the system for futsitedies. The students also indicated
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from interviews that the system was easy to brawsmd learning resources by clicking
on atopic. Therefore, a chemistry ontology-basattept mapping learning tool may
allow students to explore relevant subject matatent using the web in order to learn
and understand the subject. It can also be uskeélpostudents build a concept map that
may lead to better learning outcomes such as utaaheliag of concepts, awareness of the
hierarchy and interconnections amongst conceptsiter confidence about scope of
knowledge and ability to acquire new information.

The purpose of this study was to compare the affegicstudents using alternative
learning aids (concept maps, ontology) to traddidearning aids used in an introductory
chemistry course. The following research questivaie studied: RQ1: What are the
changes in students’ metacognitive skills througl@osemester? RQ2: How do students’
attitudes change throughout a semester? RQ3: Wh#h@ changes in students’
metacognitive skills from the interactions with @léernative learning aids (concept
maps, ontology) compared to other students? RQW. diostudents’ attitudes change
from the interaction with the alternative learnaids (concept maps, ontology) compared
to other students? RQ5: How does the interactibm alternative learning aids (concept
maps, ontology) affect students’ ability to anseram questions about key concepts?
and RQ6: How does the interaction with alternal®agning aids (concept maps,
ontology) affect students’ ability to explain cortiens between key concepts?
Additional research questions arose during theystoidbtain a better understanding of
students’ attitudes towards creating concept magdsiaing the Creonto software: RQ7:
What are students’ attitudes towards creating qano@ps in the chemistry course? and

RQ8: What are students’ attitudes towards usingtle®nto software? Therefore, the
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procedures used to answer the research questioadaveeasure the changes in
metacognitive skills, attitudes, and conceptuaividedge with the use of concept maps
and the chemistry ontology for students enrollednnntroductory chemistry course.
This study included three phases: phase 1 (cogitoaip), phase 2 (treatment 1 group),
and phase 3 (treatment 2 group). In phase 1, thaseno integration of additional
materials introduced into the course. Phase 2istealsof the integration of the concept
mapping learning tool into the curriculum as homewassignments throughout the
semester. Phase 3 involved the integration of#mee concept mapping assignments as
phase 2 plus the chemistry ontology learning touts the curriculum.

This study supported the use of ontologies foragAmg purposes and the use of
ontologies in the sciences which added to the kadgé base of existing literature to
promote this alternative learning tool in educatidiso, this study expanded the
knowledge on the use of concept mapping and computehemistry as a study/learning
tool and pinpointed further research possibilitrest identified ways to improve students’
attitudes, metacognitive skills, and conceptuahdedge of chemistry concepts. The
main objective of this research was to add to timKedge base for the use of alternative
learning aids in chemistry and promote the usé@$é¢ learning tools for students in
other academic areas.

The first chapter of this dissertation introdudss background that formulates the
foundation of this project. It describes the mgals and introduces the methodology.
The second chapter discusses the previous resatdimas been done in the area
including specifically discussing related studiesfactors influencing learning

chemistry, concept mapping and ontologies for cptuad learning. In chapter three
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through six, the methodology, instrumentation, cis¢ty concept mapping workshops
and the chemistry ontology are discussed. Chapteen describes the results of the
research study and the final chapter ends wittmarsary, contributions of this research
and discusses future goals of this work.
Computerized Search

The articles used in this literature review are eivgd articles and review articles
obtained by using computer database searchesfir§heatabase used in order to obtain
peer-reviewed empirical articles was ERIC. Seatatements “learning strategies or
metacognition and chemistry and college” with satdgescriptor terms “chemistry,
college students, and metacognition” resulted 122 articles. This resulted in an
overwhelming number of articles. Therefore, tharcle was further refined by using the
ERIC database with search terms “rote learningsaiehces” resulted in 35 results.
Electronic journals were also utilized in the sbasach as the Journal of Chemical
Education. The search statement “rote learninglilted in 250 results and then was
limited to 2002-2012 articles and resulted in 6&uts. Also from the Journal of
Chemical Education, the search statement “concepshresulted in 157 articles. The
EBSCO Host database utilizing the Academic Seanfre Applied Science &
Technology Full Text, Education Full Text, ERICda@eneral Science Full Text
databases were also used with the search statefselftsfficacy and chemistry and
attitudes” resulting in 26 results. “Attitudes acttemistry” search statements from
EBSCO Host database using the subject/descriptost&chemistry, student attitudes,
and higher education” resulted in 1029 results.il§\the search statements

“metacognition and chemistry” from EBSCO Host datsdresulted in 63 results.
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Articles were also found from the EBSCO databasegube search statements “concept
maps and sciences” which resulted in 560 resilte Education Full Text database with
search statements “computers and concept mappesgfted in 81 results. While the
search statements “internet and concept mappiogi the Education Full Text and
General Science Full Text databases resulted neglilts. Additional articles were also

located from the literature studies from the absearches.
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CHAPTER 2
BACKGROUND AND LITERATURE REVIEW
The background and literature review contains sésarctions that give a better
understanding of the proposed research. Thestion provides a brief introduction to
learning chemistry in college and discusses sowterfawhich influence why some
students have difficulty in the subject, with sutigns addressing students’ attitudes
towards chemistry and assessment of metacognkiile. sThe second section provides a
brief introduction to concept mapping and describes uses in education. The third
section discusses constructing concept maps wittpater-aided learning tools with a
sub-section that explains the use of ontologidsuifding active and conceptual learning

environments for students.

Learning Chemistry
Chemistry is the study of the composition, strugtproperties, and reactions of
matter. Introductory chemistry courses are reguiog many disciplines and in many
cases is the first science course taken by studetite college level (Tai, Sadler, &
Loehr, 2005). Chemistry courses are often perdeagedifficult courses and consist of
highly conceptual and abstract concepts (Sirhad720Research has shown that several
factors may influence students’ learning of chemjsind a few of these are listed below:

» Students’ scientific literacy skills (De Avila Jr Borress, 2010)
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Students not understanding appropriate fundameatelepts (matter, energy,
atoms, elements, etc.) in the beginning of theidists(Nakhleh, 1992;

Pekdag, 2010).

Students having misconceptions about the subjettieawing their own
conclusions about chemistry based on their owreatiknowledge base
(Pekdag, 2010).

Students using rote learning or learning by rejpetinstead of meaningful
learning (BouJaoude & Barakat, 2003; Brandt, e28l01; Nakhleh, 1992;
Pendley, Bretz, & Novak, 1994).

Students’ science self-efficacy which may contrébtat their attitudes towards
the sciences and especially chemistry (Brandriet,Btetz, & Lewis, 2011;

Britner, 2008; Dalgety & Coll, 2006)

In this study, the research will focus on the stuglaattitudes towards chemistry

and their abilities to use meaningful learning bgasuring the students’ changes in their

opinions of their metacognitive skills and attitadbroughout a semester.

Attitude Towards Chemistry

A student’s attitude towards science may be a maflmence on his/her

academic achievement in a course (Brandriet, XatZB& Lewis, 2011; Kan & Akbas,

2006). Attitude can be defined as “a psychologieatiency that is expressed by

evaluating a particular entity with some degreé&uwbr or disfavor” (Xu & Lewis, 2011).

Attitudes towards the sciences, therefore, aréaele students’ positive or negative

feelings about science (Can & Boz, 2012). Studehis exhibit a negative attitude

towards science may not make an effort to learnusnaidrstand the meaning of concepts
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that are being taught to them (Saribas & Bayrar@920 According to Kaya and Geban,
(2011) an important reason to investigate studexttstides in the sciences is to
determine the ways in which it may affect studeathing. A number of factors have
been associated in influencing students’ attitudesrds chemistry. These factors
include teaching methods, teacher attitudes, inflteeof parents, gender, age, student
thinking processes, career interest, and past iex@es in science related courses.
Additionally, other influences may be related tod&nts’ achievement and problem
solving abilities in prior science courses (Kha\, 2012).

In a study (Lawrenz, Wood, Kirchhoff, Kim, & Eisenat, 2009) investigating
variables affecting physics achievement, the asthollected data from 3,119 students
enrolled in physics classes using an Active Phyaicgculum from 68 teachers’
classrooms. Out of the 68 teachers, 26 of theema#td a summer workshop to introduce
them to incorporating the Active Physics curricuito their classrooms. The Active
Physics curriculum requires students to completgngrassignments, student
presentations, and be actively involved in the tguaent of assessment rubrics. The
main themes discussed using the Active Physicscalarare related to real world issues
(communication, home, medicine, predictions, spansl transportation). The main goal
of their study was to examine several variablesieay be related to student
achievement in physics courses such as prior phksiowledge, gender, grade level,
ethnicity, attitude towards physics, and severatéptariables. Data were collected
through the use of pre- and post- surveys andgme-post- physics achievement tests.
The surveys probed questions on students’ indivickaracteristics, attitudes about

science and physics, parental education, and pewosf the classroom activities. The
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physics achievement tests consisted of multipléecehguestions that contained items
related to physics concepts of motions and foritassfer of energy, conservation of
energy, and interactions of energy and matter. stb@ents were administered both the
surveys and achievement tests at the beginningati@f the semester. The data was
analyzed using hierarchical linear modeling whigla regression based technique. The
results showed that the students who were enroiléte physics courses in which the
teachers used the Active Physics curriculum fomtlagority of the school year scored
higher on the physics achievement test compar#tetstudents’ whose teachers did not
use the Active Physics curriculum throughout tHeost year. The results also showed
that students who were also enrolled in the phydasses with the Active Physics
curriculum being used for the majority of the schgear had a narrowed gap between
their physics achievement scores and attitudesrtsaghysics; this was also consistent
between the boys and girls enrolled in the clasSé=refore based on the results,
students who were actively involved in the curnicalhad higher scores on the physics
achievement tests and exhibited a more positivteidét towards physics compared to the
other students.

A study conducted (Berg, 2005) to gain insight tinuale changes and its relation
to motivation and contextual factors towards leagrshemistry was explored using 66
first year chemistry students. The first reseapebstions addressed which factors are
related to students’ shift in attitude toward leagchemistry. A second question probed
the relative significance of these factors. Pral post- attitude questionnaires were
administered and analyzed using principal compoaealysis (PCA). Six students were

also chosen to be interviewed who demonstratee lelngnges in attitudes towards
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chemistry. The interviews consisted of three ngpiastions: 1) What is your
background? 2) Describe your experiences in thesnistry class throughout the
semester. and 3) Do you have any further commentgiestions 1 and 2? The survey
data revealed that students who demonstrated megdtifts in attitudes showed 43
examples of lacking motivation while only 7 exangpkeere noted in the students who
had a positive shift in attitude at the end ofskenester. Students with positive shift in
attitude also had twice as many positive opiniawgards instructional methods when
compared to the students who demonstrated a negstift in attitude on the survey.
The results from the 6 students that were intergevevealed that students who
demonstrated a positive shift in attitude atteraleédffered lectures, were actively
involved in the course, and asked for help whermentering difficult tasks. However,
the students who demonstrated a negative shiftitnde did not attend all offered
lectures, course involvement declined throughoeitsgmester, and they did not ask for
help as often when encountering difficult tasksstAdent who demonstrated a negative
attitude shift in attitude commented on why hemd attend all lectureSUsually |

could not concentrate as long as | had plannedwmrit jogging instead”.Another
student who demonstrated a positive attitude sbiftimented on how they studied for
the course: This is the method (studying continuously and stain phase with the
course) | have developed during my years of study”student who demonstrated a
negative shift in attitude commented on the sangstipn and saidif you don’t have to
study you don’t study”.In this study, the authors concluded that theomfajctors related
to the students’ shift in attitude towards learnohgmistry was their motivational beliefs

in succeeding in the course.
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Brandriet, Xu, Bretz, and Lewis (2011) examinednges in student attitudes in
two general chemistry courses at two universitieise first group consisted of 148
students enrolled in a general chemistry courseStiutheastern university in the United
States. The second group consisted of 87 studantied at a Midwestern university in
the United States. The main goal of the studytwaseasure students’ attitude changes
using the Attitudes towards the Subject of Chemiltventory version two survey
(ASCIv2). The ASCIv2 is a shortened version of dhiginal ASCI survey which
consists of eight items categorized under intall@icaccessibility and emotional
satisfaction to measure changes in students’ @etstiowards the subject of chemistry
(Xu & Lewis, 2011). Data was collected at the $easstern and Midwestern universities
through the use of the pre- and post- ASCIv2 sigveédiso course grades and scores
from the American Chemical Society (ACS) first setee general chemistry exam were
collected. Pearson correlation was used to andlhygeurvey results. The results from
the post survey showed a strong correlation betwaetents’ attitudes and their course
achievement based on their final course grade em@s on the ACS exam. The t-test
also showed an interaction between students’ déiind their course achievement with
results revealing that A and B students’ attitusigsificantly increased from the
beginning to the end of the semester. HowevemdFastudents’ attitudes significantly
decreased by the end of the semester while C ggiddtitudes remained the same.
Therefore, the study indicated that there may bereelation between attitudes and
success in general chemistry.

McCarthy and Widanski (2009) evaluated chemistriety in 264 college

students enrolled in introductory psychology, gahehemistry, and organic chemistry
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courses. The authors’ goal was to evaluate theafgace of chemistry anxiety a student
may have concerning chemistry, such as their déguegarding learning chemistry, fear
of examinations in chemistry, and fear of handihgmicals. Data was collected by
asking students to complete a survey that meashe&dchemistry anxiety on a rating
scale of 1-5 (1 = lowest chemistry anxiety andighest chemistry anxiety). An
example question from the survey regarding learohgmistry anxiety was “Watching a
teacher work a chemistry problem on the blackboa#dtiother example questions from
the survey regarding fear of examinations was “Bgjiven a pop quiz in a chemistry
class”. The students were asked to rate the qumsstin the survey with how anxious
each made them. Descriptive statistics was peddramd the overall means showed
1.92, 3.10, and 2.15 for attitudes regarding lewichemistry, fear of examinations in
chemistry, and fear of handling chemicals. ANOMatistics were also used to evaluate
differences between genders for the chemistry anxiehe ANOVA results showed a
significant difference for chemistry examinatiorxeay between females and males,
with females reporting a higher level of anxietyexaminations. There were no
significant differences between genders for atégutbwards learning chemistry and the
handling of chemicals. However ANOVA results ditb a significant difference in
anxiety for students who had never taken a cheynisiurse compared to students who
had taken a chemistry course. These studentsteel@higher level of anxiety towards
learning chemistry and chemistry examinations. ré&toee, according to McCarthy and
Widanski (2009), recognizing and changing studeattffudes towards chemistry may

improve students’ success and retention in cheynisiurses.
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In another study, Bauer (2008) examined 21 no@rs& major students’ attitudes
towards chemistry using the Attitude toward thej8ctof Chemistry Inventory (ASCI)
survey in a chemistry and society course. The AS@Isurvey designed to measure
students’ attitudes towards chemistry. It is pnése& on a seven-point scale between two
adjacent adjectives which represent how a studets ilbout chemistry. An example of
a question on the survey is: Chemistry is easy31425-6-7 hard; and students indicate
on the 7-point scale their responses. DescriptiaBstics results showed that from the
pre- and post- ASCI survey administered to theesttg] their anxiety towards chemistry
decreased from 62% to 48% which resulted in a péaltlstandard deviation difference.
The reported results also showed that the studactsigher ratings on the pre-survey
for anxiety and fear; while the lower ratings irated intellectual accessibility.

However, the results from the post-survey revetilatithe students’ attitudes towards
chemistry shifted from being less anxious and tdad being more emotional and
intellectually satisfied with the subject.

A mixed-method study (Walczak & Walczak, 2009) wasducted to assess
students in a general chemistry course on themgésin attitudes towards science over
the semester with 36 nursing and other non-scierajer students. The research
guestion addressed in this study was “Do studéimii@dées towards science change after
taking a chemistry class with content on real-wastlies?” Data was collected using a
pre- and post- survey, Views on Science Technofagiety (VOSTS). The VOSTS
survey was used in this study to measure the stsidattitudes towards science with
regards to technology and the society. Interviang the open-ended questions from the

surveys were also used to explain the attitudessexhibited by the students in the
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course. Paired t-test statistics were performetetermine if the pre- and post- VOSTS
survey data was statistically significantly diffete The results revealed that students’
attitudes about science were not statisticallyiigant before and after the course.
However, statistically significant results were duon the survey questions that
addressed topics that were closely related to $dpieght in the course. Therefore the
interview and open-ended questions results werlyzethto explain the results. The
students who demonstrated positive attitude saiftee end of the semester towards
chemistry contributed it to the homework assignmaénat focused on real-world issues.
However, the students who demonstrated negativadstshifts at the end of the
semester towards chemistry contributed it to tfrastration with their perceived ability
of performance in the course. A student’s belfeheir ability to perform well or
complete a task in the sciences may be definetidiy $cience self-efficacy.

Science self-efficacy and its relationship to attides: Self-efficacy is a
students’ belief in their own abilities to succeed task or in a discipline (Williams,
Kurtek, & Sampson, 2011). According to Dalgety &IKG2006) a student with a low
science self-efficacy may have a lack of interegiayceived abilities to perform well in a
science course. This lack of interest may not dintgler the students’ attitudes towards
chemistry learning but also may foster their latkimderstanding of chemistry concepts
and misconceptions. Several studies in scienceagidn have been conducted to
evaluate the relationship of self-efficacy, attéadcand students performance in a course
(Britner, 2008; Dalgety & Coll, 2006; Lawson, Banks, & Logvin, 2007; Williams,

Kurtek, & Sampson, 2011).

Lawson, Banks, and Logvin (2007) compared seltzaffy and reasoning ability
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to achievement in biology for 459 students enroifedn introductory biology course.
The data was collected using pretest and postfstfficacy science-oriented tasks
guestions. The self-efficacy measure includedclénse-oriented tasks questions. An
example of a self-efficacy task question was: “ldgrsimilarities and differences in the
vegetation growing at different elevations on artauntain.” The students were
required to rate the questions on a 5-point Likeale indicating their confidence in
completing the task question. The reasoning gbiliéasure was assessed using a 22-
item test on reasoning patterns concerning hypsthesting were students selected the
best answer from a multiple selection of answérs.example of a reasoning ability
guestion on the test was: “Suppose you collectsttslls of a single snail species from
the ocean. What would you expect a graph of feagths versus frequency to look like?
(A) bell-shaped (correct answer); (B) positive linear (line from the lower left to upper
right); (C) negative linear (line from the upper let to lower right); (D) flat E. bimodal.”
Also students’ biology achievement such as thealfcourse grade was utilized in the
analysis. Data was analyzed using paired z-test$@arson correlation. The paired
sample z-tests reported results showed a signifinarease in both self-efficacy and
reasoning ability from the pretest to the postseditefficacy ratings. The Pearson
correlation statistics showed an increase in belfrefficacy and reasoning ability with
the results showing a correlation with the postesitefficacy and achievement in the
biology course.

In a study conducted by Zusho, Pintrich, & Copd@R03) in order to assess
changes in students’ self-regulatory strategie8,cthlege students enrolled in an

introductory chemistry courses were administeredests at 5, 10, and 15 weeks
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throughout the semester. The first survey adiares at 5 weeks consisted of questions
to assess students’ self-efficacy and task valliefbe The second and third survey
administered at 10 and 15 weeks consisted of gquesstissessing the students’ goal
orientations, self-efficacy and task value beligitgrest, anxiety, and self-regulatory
strategies. The research questions proposed wseel loa students’ motivation and
cognition process. The first research questioe@sWhat ways does motivation change
during a first semester chemistry course?” Segofidlhat ways does strategy use
change during a first semester chemistry coursétitdly, “How does motivation and
cognition effect performance in chemistry?” Datargvanalyzed using analysis of
variance (ANOVA) statistics. From the first resgaguestion, the results showed that
students’ motivational levels decreased over thesmof the semester which included
their levels of self-efficacy, task value, and pemfiance goals. The second research
guestion results showed a significant decreastidests’ rehearsal and elaboration
strategies from the 10 to 15 weeks administeredeygr However, students
organizational and metacognitive skills increagedifthe 10 to 15 weeks administered
surveys. The third research question results tegdhat for students who demonstrated
higher levels of self-efficacy, task value, and teasgoals used deeper-processing
cognitive skills (elaboration and metacognitiorgritother students with lower self-
efficacy levels. Therefore, the authors concluded self-efficacy was a main component
in course performance while task-value came inrsg¢@chich showed that maintaining
self-efficacy levels throughout a course may atyualp in a student’s performance.
Dalgety and Coll (2006) explored first-year sciestigdents’ chemistry self-

efficacy in a first-year chemistry course usingiaed methods study. All of the student
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participants in this study voluntarily chose toahin this first-year chemistry course.
Data was collected using the Chemistry Attitudes Brperiences Questionnaire
(CAEQ) administered three times throughout the acad year. The first survey was
administered to 126 students at the beginningetdmester while the second survey
was administered to 102 students at the end cfe¢heester. The final survey was
administered to 84 students at the end of the sksemester for students enrolled in the
second part of the chemistry course. Nineteerestisdvere chosen at the beginning of
the semester and 14 students were re-interviewte &nd of the semester on their
views related to their self-efficacy towards chengisAn example of the questions that
were asked on the CAEQ ar&Xplaining something that you learn in chemistryrse
to another person’dr “Knowing how to convert data obtained in a chemjistxperiment
to get result” Students were required to rate the statemenés/point semantic
differential scale from “very confident” to “not nbdent”. Data were also collected on
the students’ gender, ethnicity, and their reasonenrolling in a first-year chemistry
course. Descriptive statistics using two-tailescares that had@mvalue less than .05
were utilized to analyze the survey data and teelt® showed that the students were
overall confident about their ability to performettasks required of them in a first-year
chemistry course. From the surveys, students’ teddhat they were more confident
about‘Determining the appropriate units for a valuathich had a mean (beginning of
semester) = 4.75, mean (end of semester) = 4.94maan (end of second semester) =
5.19. Students however were less confident ablutbtfing another student in a first-
year chemistry courseWwith a mean (beginning of semester) = 2.94, mead (f

semester) = 3.45, and mean (end of second semes63p. The interview questions
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revealed that self-efficacy was a major factorf@ny students’ in explaining their
ability to be successful in the chemistry coursealbgcribing their prior learning
experiences. For example, one student at the hiegiof the semester described his
concerns as being “a difficulty in understanding thaths, being able to work out the
answers to things, calculations”. Another studexmiained their ability in studying for
the course as “not easy at all, | think | will hawevork hard, but I think | will work
hard”. Other students described their increasédemce and self-efficacy in chemistry
by stating “I'm not having any problems this yeadd don’t expect it be so much harder
next year that I'm all of a sudden going to havelyems” Based on this study, the
students had confidence in their ability to perfomgll in the chemistry course and this
contributed not only to their increased self-effigdut also their attitudes towards
chemistry and academic success in the course.

In another study conducted by Dalgety and Coll @0the authors examined
factors such as learning experiences, attitudertbal@emistry, and chemistry self-
efficacy that influenced students’ chemistry enmaht choices using the Chemistry
Attitudes and Experiences Questionnaire (CAEQ)e TAEQ questionnaire consists of
three categories which are learning experiencéydg toward chemistry, and chemistry
self-efficacy. The CAEQ survey was administerethege times throughout the
academic year during the scheduled chemistry latwyralasses. The first CAEQ was
administered to 126 students at the beginningetdmester, the second CAEQ was
administered to 102 students at the end of thedasester chemistry module, and the
third CAEQ was administered to 84 students at titea# the second semester chemistry

course. Seventeen students at the beginning cietinester were interviewed to probe
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their beliefs about enrolling in a second semedtemistry course. Twelve of the 17
students interviewed at the beginning of the seenegtre also re-interviewed at the end
of the first semester. Then seven of the 12 stisdaterviewed at the end of the first
semester that enrolled in the second semester strgroourse were re-interviewed at the
end of the second semester. Descriptive statistece utilized to analyze the CAEQ
data. The results showed that there was no adatianship between students’ learning
experiences and their enrollment intentions toicoetto take additional chemistry
courses. However, the results reported a relatiprisetween chemistry self-efficacy and
enrollment intentions for students who were acadaltyi successfully in the chemistry
course. The interview data also provided a motailgée explanation of the results
reporting that chemistry self-efficacy and its tilaship with achievement impacted
enrollment intentions for students. For example student at the beginning of the
semester explained “l took chemistry before arehlly liked it and | did quite well. 1

just like it overall”. The same student at the efhthe first semester explained “I am just
tossing up whether to major in chemistry or biolog&nother student also expressed
their improved confidence in chemistry by statingh& end of the first semester “having
to answer problems is difficult, at the tutoriale wan go through and discuss them which
makes them clear”. This same student stoppeddatigithe tutorial classes because he
had a better understanding of the topics and exgidllnis decision by stating “I didn’t see
any point going to tutorial when they were justrgpto tell me how I'd already done it”".
The results from the study showed that there magy tedationship between chemistry
self-efficacy, chemistry achievement, and studentshtion to enroll or not enroll in a

second-year chemistry course.
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In a more recent study (Reardon, Traverse, Fe&ibbges, & Rohde, 2010)
investigating the determinants of chemistry cogseeptions in undergraduate students
using 398 students enrolled in an introductory dsamnclass. The two main research
guestions addressed in this study were: 1) Whatiselationship between chemistry
course perception and general self-efficacy fodettws enrolled in their first
undergraduate chemistry course? 2) What studemécteristics (sex, ethnicity, age, and
prior academic experience) are statistically sigaift factors of chemistry course
perceptions for students enrolled in their firstlergraduate chemistry course? The
variable in this study that was assumed to hawtationship on chemistry course
perceptions was gender, ethnicity, age, and geselagéfficacy. Data collection was
performed by using a 6-item chemistry course pér@ep questionnaire developed by
the authors. The survey was administered to theests using MRInterview which is a
web-based survey program by SPSS. The surveyrstate probed students’ beliefs
about their general self-efficacy towards chemistmg had statements such as:
“Chemistry is easy for me to learn”, “I am good imernistry”, “I like chemistry”, “I
expect to get a good grade in this chemistry clads8xpect to pass this course as long
as | put in my time.’and “Science is my strong suit.Descriptive statistics were used to
analyze the surveys and the reported results shtva¢detaking the course had a
significant effect on students’ chemistry coursecpptions. The results indicated that
students who had to retake the course had a Ieifeefficacy towards chemistry
compared to students who did not have to retakedbese. The results also showed that
age and ethnicity gave rise to a statistically ifiggnt difference in students’ chemistry

course perception. However, the largest predictostudents of chemistry course

29



perception was general self-efficacy. Thereforgeldaon the results of the study, the
authors concluded that for students entering firsirundergraduate chemistry course,
general self-efficacy was the main factor in stugdashemistry course perceptions or
attitudes towards chemistry.

Since self-efficacy is the beliefs a student ddasut their abilities, a student who
has a low self-efficacy which contributes to theagative attitude about chemistry may
exhibit a lack of motivation towards learning chetry and succeeding in a chemistry
course (Reid, 2008). This lack of motivation aow kelf-efficacy towards learning
chemistry may result in a student using rote lemyiiDalgety & Coll, 2006). Rote
learning or learning by repetition occurs when miébns or concepts are memorized
without stopping to consider the actual meaning/lodt is being learned (BouJaoude &
Attieh, 2008; Ebenezer, 1992). A real understanding of a subject such as chgmst
only depends on the understanding of key concayitalbo on the ability to produce
meaningful links between these concesulaoude & Attieh, 2008; Brandt, et al.,

2001; Nakhleh, 1992). This can be emphasized by Bloom’s Taxonomy atatonal
objectives. There are six levels in the taxonoamgmg from the lowest order to the
highest: knowledge, comprehension, applicationlyarsg synthesis, and evaluation as

shown in figure 1 (Anderson & Krathwohl, 2001).
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Figure 1. Schematic of Bloom’s Taxonomy for educational objectives

The knowledge level is the process for remembering previous learned materials such as
facts, terms, basic concepts, and answers. The comprehension level relates to
understanding these facts by interpreting, classifying, comparing, summarizing, and
explaining. The third level is application which is using prior and new knowledge to
carry out or solve a problem. Analysis category is examining and breaking the
information into smaller parts to determine which parts relate to one another by
differentiating, organizing, and attributing the information. Synthesis is creating or
putting items together to form a new pattern or solution by generating, planning, and
producing the information (creative thinking processes). The final level is evaluation
which is making judgments about information by checking and critiquing it (Anderson &
Krathwohl, 2001). When students use all of the six levels in Bloom’s Taxonomy they are
considered to be using meaningful learning. Meaningful learning is when students are
able to relate new knowledge to prior knowledge and build those connections to apply
that knowledge to complete a task (Novak & Canas, 2008).

In educational settings, students are expected to have knowledge about their
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cognition and awareness of their thinking proceStidents who acquire these skills are
considered to have good metacognition (Rahmannyasiffin, Hayati, & Yusoff, 2010).
These students are able to reflect on their legrpincess, better organize and manage
new information (Stevens, 2009). As a result ahetous studies investigating the
importance of students’ acquiring and enhancing thetacognitive skills in the
classrooni(Blank, 2000; Pintrich, 2002; Spence, Yore, & Williams, 1999; Thiede, 1999),
Bloom’s Taxonomy was revised to include metacogeikinowledge as a new knowledge
category (Anderson & Krathwohl, 2001; Krathwohl & Anderson, 2010; Krathwohl,
2002). Metacognitive skills are considered to ad pf the cognitive process that
students use to plan, monitor, and evaluate teaming which consequently fits under
the six cognitive levels in the revised Bloom’saagmy (Pintrich, 2002). Since
metacognition involves the knowledge about a sttelengnition as described in
Bloom’s taxonomy and awareness of their thinkingcpss, a development of
metacognitive skills may encourage students teebHasgulatory learners that are able to
plan, monitor and evaluate their learning.
Metacognition

It is believed that cognitive and metacognitivdlskin chemistry education are
essential for a student to identify in what wayesitlunderstanding of a topic is
incomplete and be able to organize their own timgko decide if further explanations
are needed for a full understanding of a topic KByc& Stacy, 2000). The different
functions cognition and metacognition serve inld@ning process can be explained by
their definition and examples. Cognition involtee mental process of acquiring

knowledge and comprehension while metacognitioolies the regulation and
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awareness of ones’ cognitive thinking (Rahman, r¥a&iiffin, Hayati, & Yusoff, 2010).
For example cognition can be explained as a stugening a text or the knowledge of
computer programming. An example of metacognitian be explained when a student
is monitoring their understanding of the text oplgmg their knowledge of computer
programming. Metacognition, therefore, is the krexige about one’s own learning
process. It also involves one’s awareness, evalyand regulation of their thinking
(Rahman, et al., 2011). Accordingly, metacogeittmowledge can be categorized into
two components: the knowledge component (knowledgme’s learning process) and
the regulation component (strategies one appliesitaplete a task) (Ku & Ho, 2010).
Therefore, metacognition comprises three basitssii) planning, 2) monitoring, and 3)
evaluation of the learning process. These selifetgry skills consist of ways students
are able to set goals, ask themselves questiomfhanthey already know or make
connections between concepts, and re-read sometiegglon’t understand (Pintrich,
2002). Students who possess these skills arésaimve good metacognition and are
able to strategize their learning process to cotagesks (Rahman, Yasin, Ariffin,
Hayati, & Yusoff, 2010).

Several studies in recent years have investigaedrportance of metacognitive
knowledge and skills for students to control thiinking process for enhanced learning
(Downing, Kwong, Chan, Lam, & Dowing, 2009; Ku & Ho, 2010; Magno, 2010;
Rahman, et al., 2011). According to Pintrich, @08€tudents who develop metacognitive
skills become “more knowledgeable and responsdniéhfeir own cognition and
thinking”. One area of study researchers have exahis the development of students’

metacognitive skills to enhance critical thinkingccording to Magno, (2010) the
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development of critical thinking skills is facilted through metacognition. Ku and Ho
(2010) examined metacognitive strategies with um@deluate students with different
levels of critical thinking performance using thénk-aloud method. The study
hypothesis was based on the notion that studerdsdemonstrated different
metacognitive strategies would have different Is\a#lthinking performance.
Participants were 10 undergraduates who were diviat® a high critical thinking
performance and low critical thinking performanceups based on their cognitive
ability, thinking disposition, academic achievemand critical thinking performance.
These measures were analyzed using the Verbal @biemsion Index of the Wechsler
Adult Intelligence Scale, Concern for Truth Scaled GPA. The only difference
between the two groups was their level of critibahking performance which was
measured using the Halpern’s Critical Thinking Asseent Using Everyday Scenarios
(HCTAES). The metacognitive strategies were aralyzsing six thinking tasks and
divided into planning, monitoring, and evaluatiregegories. Five of the tasks were
scenario-based open-ended problems from the HC&&S8ssment. The sixth task was
developed by the authors to examine the studemggh@ent analysis skills. The thinking
tasks used in this study probed students critieaking skills by asking questions
concerning hypothesis testing, verbal reasonirgyraent analysis, understanding
likelihood, and decision making. The data wasemt#d by instructing students to use
the think-aloud method which involves having papénts to “say whatever came to their
mind as they carried out the tasks”. The studeasgonses were coded into planning,
monitoring, and evaluating categories and scored scale of 0 to 4. Data analysis was

performed using U-test to determine differencethencritical thinking performance
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between the two groups. The results showed teahithth performance group scored
better than the low performance group. The resiis showed that students in the high
critical thinking group demonstrated more metactgmiactivities in planning and
evaluating strategies. The study indicated thatestts who exhibited high critical
thinking performance had enhanced metacognitiiésgkiat resulted in these students
displaying “better abilities to plan for specifieps in thinking and to revise their task
approach after identifying problems”.

Magno (2010) also investigated the role of metattognskills in developing
critical thinking skills. In this study, it was pgthesized that “critical thinking occurs
when individuals use their underlying metacogniskéls and strategies”. Data was
collected from 240 freshmen college students uiagVietacognitive Awareness
Inventory (MAI) and the Watson-Glaser Critical Thkinmg Appraisal (WGCTA). The
study tested two models: (1) The first model teshedtwo factors of metacognition
(knowledge of cognition and regulation of @dtipn); (2) The second model tested the
eight factors of metacognition as it affects caltithinking (declarative knowledge,
procedural knowledge, monitoring, debugging stnatagd evaluation of learning). The
MAI questionnaire was used to measure metacogratnwhconsisted of 52 items to
assess the students’ knowledge of cognition anadlaggn. The WGTCA was used to
measure critical thinking and consisted of 100 d&adized test items to assess students’
critical thinking abilities using exercises thatluided problems, statements, arguments,
and interpretations of data. Descriptive statsssicowed in both models that
metacognition had a significant correlation toicakthinking. The results also indicated

that all of the factors of metacognition and catithinking are significantly related. The
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authors concluded that higher use of metacognstilés may result in better critical
thinking.

The importance of metacognition in chemistry ediocais essential because it is
considered to be a key to deeper, more compleritga(Cooper, Urena, & Stevens,
2008; Rickey & Stacy, 2000). According to Rickey and Stacey (2000) theretane
important reasons for students to develop metatwgrskills for the use in sciences: (1)
development of students awareness of their thingiogess for the understanding of
ideas taught in science courses, and (2) the regiular control of students’ thinking
process for success in problem solving. Metacagnit chemistry is essential because
it may provide a way for students to become famwah their own thinking process and
acquire a deeper understanding of the conceptatauthe curriculum (Cooper, Urena,
& Stevens, 2008). Students who acquire these mgtative skills (planning,
monitoring, and evaluation) may have a better 3t understand a task or problem and
able to determine the most useful strategies topbete the task (Kaberman & Dori,
20009).

Several studies in recent years have investigaedrpact of metacognition in
chemistry education (Cooper & Saridiiena, 2009; Cooper, Urena, & Stevens, 2008;
Rompayom, Tambunchong, Wongyounoi, & Dechsri, 20X0fe study (Rahman,
Jumani, Chaudry, Chisti, & Abbasi, 2010) was destgto investigate the impact of
metacognitive awareness on performance of studeteemistry using 525 males and
375 female students enrolled in a general chemistuyse. The objectives of the study
were to measure metacognition for students enratlélde chemistry course and

determine the impact of metacognition on perforneanthe students were administered
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the 52 item Metacognitive Awareness Inventory (Misllassess their metacognitive
awareness. A 30 item achievement test developéldebyesearchers to assess students’
performance in chemistry was also administeretdécstudents after the completion of
the MAI questionnaire. Statistical data showed tha male students had a higher mean
score compared to the females on both the achievelests (male M=150.2, SD4
female M=149.9, SD=4.9) and MAI questionnaire (male M=20.9, SD=10.6; female

M=20.0, SD=14.6). However, there were no statdicsignificant gender differences in
metacognitive awareness. The Pearson correlagnits also showed a positive
relationship between the MAI questionnaire and eatment test score of the students.
The ANOVA results further confirmed that there veasignificant correlation between
metacognition and students performance on the a&tment test. The results showed
that students who demonstrated a higher awarem@sstacognitive skills scored higher
on the chemistry achievement test compared tottlteests who had a lower awareness
of metacognitive skills.

Another study (Nbina & Viko, 2010) examined theeets of instructional
metacognitive self-assessment strategies for clignpsoblem solving. The main
objective of the study was to investigate the ¢ffef instruction in metacognitive self-
assessment on chemistry students’ self-efficacyaghtevement. One hundred and
ninety-two students (91 boys and 101 girls) endoifean introductory chemistry course
were participants in the study. The study was thagp®n a quasi-experimental non-
equivalent design involving a control group andesxpental group. The control group
students attended normal chemistry classes weltedlober encouraged them to work

hard in chemistry. However, in the experimentalugrthe students were introduced to
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self-assessment instructional program (SAIP). SA& is designed to help students set
learning goals and to assess every step theynat@mpleting those learning goals. The
instructor in the experimental group used the SialBncourage students to think
carefully and understand how to work through a aegnproblem. The students
received extensive feedback on each step of thmepsdrom the instructor in working
out these chemistry problems. Three instrumehtseakloped by the researchers were
used in this study; the Chemistry Achievement Test (CAT), Self-assessment Scale (SAS),
and the Chemistry Self-efficacy Scale (CSS). TiA& €onsisted of 10 problem solving
guestions based on chemistry concepts that weghtauthe chemistry course. The
SAS was administered to the students to assess#ieassessment skills relevant to
chemistry problem solving. Students were askedt®the items on the SAS from very
high extent to not at all based on their perceskalls in the process of solving chemistry
problems. The CSS was used to measure the studergsived self-efficacy in
chemistry. Descriptive statistics showed thatshuelents in the treatment group scored
higher on the post-test CAT compared to the comralp. Descriptive statistics also
showed that the students’ self-efficacy scales ftloenexperimental group who used the
metacognitive self-assessment strategy to complesmistry problems were increased as
compared to the decrease in self-efficacy for th@rol group. The results indicated that
students who were able to use metacognitive stetég solve chemistry problems
performed significantly better in chemistry achiesnt compared to the students who
were not aware of using metacognitive strategighitk step-by-step to complete the
problems.

Since chemistry is traditionally taught in unitsldarther divided into chapters,
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some students may have difficulty connecting tleeseepts, especially novice students
(Nicoll, Francisco, & Nakhleh, 2001; Sirhan, 2007). These students may have difficulty
relating new knowledge to prior knowledge and boiddinections to apply that
knowledge to the task at haidavenport, Yaron, Koedinger, & Klahr, 2008; Nakhleh,
1992). Therefore efforts to promote metacognitroohemistry to help students become
aware of their own ideas and to visually repredlemtrelationships between concepts

have been utilized through the use of concept nmgppi

Concept Mapping as a Tool for Subject Learning

Chemistry is considered to be highly conceptual regires a student to bring
together conceptual knowledge for the fundamerntahgcal topics taught in the course
(Sirhan, 2007). Students in a chemistry course ba link prior and new concepts
together to get a full understanding of the togimncept mapping, therefore, may be
used for students as an educational tool to helmthisually organize key concepts, their
relationships and connections between new conegptprior knowledge (BouJaoude &
Attieh, 2008).

As students create concept maps, they are orggrtizéiwr own understanding of
related concepts (Bentley, Kennedy, & Semsar, 20Cbncept maps are constructed by
placing the most general concept at the top ofithp, usually enclosed in a circle or
box. The related concepts are then placed in Ipesitions on the maps and connected
by lines or arrows to indicate their relationship8ords are also added to the connecting
lines to indicate the relationship between the tanceptgNovak & Canas, 2008;
Stensvold & Wilson, 1992). These linking wordgpbrases form meaningful statements

between the concepts. It is considered that teatgr the number of valid links a student
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places between the concepts, the more the studdetstands the relationships and
conceptual meaning of the topic (Ozmen, Demircip8I@oll, 2009). Concept maps are
considered to be a tool that enhances meaningitiley and promote students’
conceptual understanding of science concepts Iyefcengaging students because they
construct the concept ma§arakuyu, 2010; Markow & Lonning, 1998).

Concept mapping is based on the idea that coneegttheir relationships are the
building blocks of knowledg&Novak & Canas, 2008; Pendley, Bretz, & Novak, 1994).
Experts in a subject domain like chemistry are édblerganize knowledge around core
concepts and determine the approaches and keyatsnebich are required to
understand a problem. However, novice learnenssfon individual pieces of
information and may not have the experience or kedge to connect key concepts
together in order to understand a problem (KoznfRu&sell, 1997). Therefore as an
educational tool, concept mapping may be usedsioallly organize students’ formation
of links between concepts (Nicoll, Francisco, & Kegh, 2001). Moreover, it may also
encourage students’ to take a more active rolbeir tearning process by helping them
see key concepts and their connections (BouJaousitiéh, 2008).

The effectiveness of concept mapping in severdetctrareas has been
investigated in the sciences such as biology, pBysind chemistry (Erdem, Yilmaz, &
Ozyalcim, 2009; Karakuyu, 2010; Martinez, Perezr8u& Pardo, 2012; Schaal, 2010).
The use of concept maps range from curriculum dgwveént, assessment tools, teaching

aids, and study/learning tools in education.
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Concept Mapping as an Assessment Tool

As an assessment tool, concept mapping can beasedluate students’
conceptions and misconceptions about a topicaritaiso be used to identify a students’
knowledge before and after instruction (Novak & Esr2008). Additionally, concept
mapping may also be utilized as a means to evataatdents’ ability to make
connections between concepts” (Francisco, NakiNemenbern, & Miller, 2002).
Furthermore, concept maps have been used as asaesd tool to measure students’
variations in learning, to record changes in actmeent, and to evaluate differences
between expert and novice learners (Lopez, €2@1.1).

One such study (Pendley, Bretz, & Novak, 1994) eraththe use of concept
maps as a tool to assess learning in chemistrylagse from clinical interviews from
two groups of chemistry students. In this stublg, first group consisted of six students
enrolled in a sophomore-level physical/analytid@mistry course and the second group
consisted of five first-year chemistry graduatalstus. In the first group, students were
individually interviewed prior to any lecture abaitromatography to assess their
understanding of paper chromatography. After #is¢ laboratory exercise on
chromatography, the students were interviewed aggmobe their understanding of
concepts related to gas chromatography. The stsidéso were given a final exam with
problems related to chromatography at the endettiurse. In the second group,
students were also individually interviewed priotany instruction about
chromatography. After the last chromatographyuestthe students were interviewed
again to probe their understanding of conceptdaelto chromatography. A written

examination was also administered to the studenksguestions pertaining to
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chromatography. During the interviews, the stuslevdgre shown a sketch of a visual aid
(a tube with some generic material in it) and ask@d a sample would look after some
period of time based on chromatography concepl® students were given a red and
green marker to sketch how the separation woulkl &ter a period of time. The
interviewer then asked the students to explairr tiagiobnale of the sketch. Based on the
students’ responses, concept maps were developeddh student. In the first group
three of the six students demonstrated some umraeliayy of the concepts used in paper
chromatography before a formal lecture on chromajalyy. After instruction these
students built upon their understanding of chrompatphy by specifying additional
concepts related to gas chromatography. Howelvergsults showed that the students’
performance on the exam questions relating to catognaphy did not accurately reflect
the students’ understanding of chromatography qusaes seen in the developed concept
maps. In the second group based on the pre-contgs, the graduate students had a
better understanding of chromatography concepts fwiinstruction compared to the
first group. After instruction, four of the five ggluate students were able to correct their
misconceptions of chromatography and showed arbetegration of new concepts.
Finally, the authors concluded that concept mapsajood tool to assess students’
understanding by demonstrating misconceptions hadges in conceptual knowledge of
chemistry.

In another study (Francisco, Nakhleh, Nurrenbermjifer, 2002), the authors
reported on the changes in conceptual understaralirgjudents through the use of
concept mapping as an assessment tool. The alyyoothesized that student learning

may be improved with the aid of concept mappingthis study the first cycle consisted
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of 446 students enrolled in an introductory chemisburse. The participants received
training on constructing concept maps during lexturefore giving any homework
assignments on concept mapping. Concept mappsignasents included weekly
homework, pre-laboratory exercises, and post-laboraxercises. Data collected in the
first cycle consisted of the students’ concept nfe® the post-laboratory exercises,
overall course scores, student surveys, and teasletants’ questionnaires. The second
cycle examined 437 students enrolled in the samneduactory chemistry course a year
later. Concept maps were assigned as homewognassnts and given on quizzes and
examination questions. Data collected in the se@ycle included concept maps from
the quizzes and student surveys. The third cyahsisted of 345 students enrolled in the
second semester introductory chemistry courseigAsgnts were given for students to
construct concept maps on quizzes and examinatiestipns. Data collected in this
cycle consisted of the concept maps on quizzestmdnt focus group interviews. The
concept maps were scored by coding the linkinggds#hat connected concepts as
correct, correct but non-informative, incorrectdoiplicate. Based on the coding the
following scoring algorithm was developed:

#correct (linking phrases) — # wrong or noninformative (linking phrases) "

total # of connections made
The algorithm is multiplied by 5 because concepp maestions on quizzes were
assigned a total of five points. In order for &ni$ to receive credit on the concept
mapping questions, all terms were expected to haleast one connecting link in the
map. Results from the focus group showed thaesiidttitudes towards concept maps
as an evaluation tool were positive. However thdent surveys showed that students

expressed the lack of consistency of the gradingiged by different teacher assistants.

43



From the teacher assistants’ questionnaires, gistasts noted that the students’ concept
maps that produced numerous links may be an indicaf the students’ ability to solve
multiple-step problems. The authors concluded shatents who showed more cross-
linking of concepts had an enhance ability to odtyesolve complex problems.

In a more recent study (Yesiloglu, Altun, & Kosang?008), concept mapping
was used to examine students’ conceptual understanéiscientific knowledge in a
science method course. Twenty-seven pre-serviemistry teacher students participated
in the study. The objectives of the study werexplore the use of concept maps in
assessing student teacher’s understanding of Brémtowledge and to monitor the
students’ learning outcomes in the science metbadse. The students were given a
scientific inquiry kit which included activities dra video program to visually introduce
the students to the steps involved in the scientifethod. The students were also given
instruction on how to construct concept maps baseithe concepts introduced in the
scientific inquiry kit. These concept maps werastaucted before and after the course
from a list of concepts provided by the research&ach concept map was individually
scored by giving 1 point for each correct linkageeadationship, 5 points for each level of
hierarchy and 5 to 10 points for cross-links thredvged correct relation between two
concepts in different parts of the hierarchy. &hsample t-test showed a statistically
significant difference between the pre- and posticept map scores. These results
showed that the students gained additional undetstg of the concepts after instruction
on scientific inquiry and were able to relate theiv knowledge in creating more defined

concept maps.
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Lopez et al. (2011) examined the use of conceppmgpas a diagnostic
assessment tool in organic chemistry. Two reseguelstions guided their study: 1) How
do concept map scores represent construct valdityother outcome measures? and 2)
Can concept map performance show gaps in studemtseptual understanding in
organic chemistry? Seventy students enrolled im&aductory organic chemistry class
were participants in the study. The students weszviewed four times throughout the
semester on organic chemistry topics. The fitgrinew consisted of questions on
structure and bonding, interview 2 on stereochemistterview 3 on alkyl halide
reactions, and interview 4 on reactions of alkeri@gring each interview students were
also required to complete organic chemistry proldetractivities. The students were
also instructed to complete concept maps during gderview corresponding to topics
taught in the class. Students were instructeddate the concept maps with as many
links as possible from a given list of concept ternfhe concept maps were graded by
scoring the linking between concepts as “0” forimect or scientifically irrelevant, “1”
for partially incorrect, “2” for correct but scieftally thin (technically correct but
answers are too general or vague), and “3” fomditieally correct and precise. The
students’ final course grade was collected fronir thh@nscripts. Results showed for
correlation analyses that the concept map scoms Isggnificant correlation with the
students’ final organic chemistry course grades@otllem solving scores. The results
showed that students who demonstrated a betteniaeghknowledge of organic

chemistry concepts displayed higher levels of parémce in organic chemistry.
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Concept Maps as Learning Tools

Although there are several studies on the usemamm mapping as an
assessment tool, concept maps are also used amtgaids in the classroom. As a
learning aid, concept mapping is considered to ptermeaningful learning (Novak &
Canas, 2008). It requires students to organizeviguge, represent relationships
between concepts, and integrate new knowledgepsthiously learned knowledge
(Bentley, Kennedy, & Semsar, 2011). Concept magg afso help students to visually
identify key concepts and their connections (Boudao& Attieh, 2008). Several studies
have reported on the use of concept maps as |gaards to enhance the understanding
of key concepts taught in the sciences (NicollnErsco, & Nakhleh, 2001; Stensvold &
Wilson, 1992; Schaal, 2010).

Nicoll et al. (2001) explored the use of conceppping as an integral part of a
freshman-level general chemistry course. Parti¢goemthe study involved twenty
students from two sections of the general chemityse. The treatment group
consisted of 10 students in which concept maps waeliategral part of the course. The
control group also consisted of 10 students in Wiemncept maps were not an integral
part of the course. In the control group, the @ssbr did not use concept maps at all in
the curriculum. However in the treatment group, pnofessor used concept maps in
lecture, on exams and quizzes. Students in taéient group were trained to construct
concept maps at the beginning of the course. Qumoaps were then assigned as
homework assignments and on quizzes. Each studboth groups was interviewed on
their understanding of bonding, electrons, ele@gativity, and geometry. Based on the

students’ answers from the interview, concept nvegre developed by the authors. The
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students were not asked to draw concept mapsdatata analysis in this study. Data
analysis was performed using t-tests to determmyesggnificant differences between the
concept maps developed from the control and traatgreups. The concept maps from
the treatment group indicated that students hadldped a higher number of total links
(t=2.27,0. = .05), total nodes (t = 1.88,= .05), and total useful links (t = 2.40= .05).
Additionally the results can be shown when comgatire total useful links (correct
links) of both groups in which the average numbearseful links for the treatment group
was 55 compared to 34.6 for the control group. r@foee, the treatment group
demonstrated more useful links compared to thercbgtoup. In more detail, eight
students out of the treatment group had 70 exangblelectron-bond links compared to
the nine students in the control group who hadx&0@rples of electron-bond links.
Similarly, six students in the treatment group pded a total of 45 examples of the
bond-electronegativity link compared to only fotwdents in the control group who
provided only 14 examples. Therefore, the resatigate that the students in the
treatment group were better able to make the caiomscn their knowledge base and
integrate these concepts from different domains tempared to the control group.
According to Markow & Lonning (1998), constructiohpre-lab and post-lab
concept maps will help students understand theegiagn the experiments they will
perform. In their study, students enrolled in @inaductory inorganic and organic
chemistry course at a small women’s college wergldd into the control and
experimental groups based on their pretest scoras3b-item multiple choice exam
given at the beginning of the semester. All ofplaeticipants were non-science majors

with a majority of the students being nursing anttition students. Participants in the
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experimental group were introduced and practicetsttacting concept maps prior to the
four lab experiments used for data collection. @eek before each experiment both
groups were provided a list of concepts sheet. comérol group was required to
construct a list of objectives from the list of cepts sheet for the pre-lab assignment.
The experimental group used the list of conceptetsto construct a pre-lab concept
map. After each laboratory activity, the controbgp used the concepts on the list of
concepts sheet to write an essay explaining thenidag concepts in the experiment. The
experimental group used their pre-lab concept maaltl additional concepts and
linkages after the experiments. One week after ¢etimg each experiment, a 25-item
achievement test was administered to both groupshvdovered concepts encountered in
the laboratory experiments. The results from thEOAA indicated no significant
differences between the two groups on 3 of thehesement tests. Based on their
results, the authors concluded that students whstaat concept maps for the
laboratory do not necessarily have higher scoremcbrevement tests compared to those
who write essays. However, when the authors iddadly scored the experimental
groups pre- and post-lab concept maps for expetsr&r8, and 4, the results from the t-
tests indicated a significant difference betweenpte- and post-lab concept maps. The
treatment groups’ post-lab concept maps showeeased relationships between
concepts and examples. The results showed thatutents in the treatment group had a
better understanding of organizing the conceptsrepesenting their linkages after pre-
lab instruction. The authors concluded that thestmiction of concept maps played an
active role in the students’ learning process loywjling them with a way to connect

concepts and visually see how these concepts telatee another.
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In another study (Ozmen, Demircioglu, & Coll, 20@®)estigating the effects of
concept mapping use on laboratory activities aboitt-base chemistry, concept maps
were used to demonstrate to students how conceptslimked. The study consisted of
31 students in the treatment group and 28 studierii® control group. Both groups
were taught the same acid base concepts suchEerfpes of acids and bases, the pH
concept, the strength of acids and bases, buffeti@as, and hydrolysis of salts. The
control group was taught the concepts in lecturénbyteacher providing explanations of
the topics using the textbook and worked exampléd® students also completed
worksheets and practice activities for exams.hintteatment group, the students were
taught the concepts in the laboratory by complegigit different activities. After each
activity, class discussions were conducted byeheher, and students were then required
to prepare concept maps based on the conceptssixtin the laboratory. Both groups
were administered a 25-item pre- and post- conaelpevement test about acids and
bases. The independent sample t-test showedstistally significant difference
between the control and treatment groups on the poscept achievement test. The
results revealed that the students in the treatgrenip had fewer misconceptions after
instructions about acids and bases compared tootiteol group on the concept
achievement test. The authors concluded thatdbeticoncept maps in the laboratory
gave students the ability to organize their ideabetter understand the results of their
laboratory activities, and to allow the teacheidentify any misconceptions in student
learning.

Concept mapping has been shown that it may beuldtpfstudents in

visualizing a knowledge domain such as chemistdytanld from a novice linear
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structure to an expert’s hierarchical base (Benttennedy, & Semsar, 2011; Novak &
Canas, 2008; Schaal, 2010). However, constructmgept maps may be enhanced by
the use of computer-aided tools. The aid of thepater in creating these concept maps
may encourage students to be more involved in thaining process by facilitating
visual thinking (Erdogan, 2009). According to Sah#2010) computer-aided materials
may foster learning and promote self-efficacy igaging students to learn in a more
domain-specific environment to help them devel@séconcept maps.
Creating Concept Maps with the aid of Computers

In education, computers can provide a much ritda@ning environment that
allows “the integration of media and representatitmillustrate, explain, or explore
complex ideas and phenomena” (Atkins, et al., 281@J as the concepts taught in
chemistry. Modern technology therefore can prowdenstantaneous feedback to the
learner, support and instruction for individualizedrning, enable interactive activities,
engage critical thinking and problem solving skided encourage students to take their
learning to higher standards (Glenn & D'Agostid@08). In that case, our main
educational challenges are to identify ways in Whtsuccessfully integrate technology
into the classroom for enhanced learning.

Several studies in education have examined thefusemputers in helping
students create more defined concept maps. Thadiesinvolve the comparison of
using computer programs to create concept mapgapel/pencil-based concept maps
(Kwon & Cifuentes, 2007; Royer & Royer, 2004). Row Royer (2004) compared the
use of paper/pencil and computer-based concept foapse in a biology class. The

study consisted of 24 students in the control grangh 29 students in the treatment group.
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The students in the computer-based concept majgpaup used the Inspiration software
program to create the concept maps. Inspiratiosesl to help users create diagrams,
visual maps, concept maps, and outlining with iéggchm and mapping tools (Inspiration
Software Inc, 2012). The concept maps were sdoyegiving 1 point for each valid
relationship and example, 5 points for each valkddrchy, and 10 points for each valid
cross link. Before completing any concept mapsHerstudy, the students were assigned
several mini concept mapping activities. The stislevere then required to create
concept maps on gene expression using the Inggirptogram. The control group,
however, created paper/pencil concept maps on@qsression without the use of
computers. At the end of the study, both groupeweésen a questionnaire on their
opinions of using the computer and paper/penaréate concept maps. The t-test
results indicated that the students who used tharktion software created more
complex concept maps compared to the students wetadec the concept maps using
paper and pencil. However, the students indictitatieven with the paper and pencil
created concept maps they were able to underdt@ncbhcepts better, remember more
things, find relationships, and organize their tiuts.

Kwon and Cifuentes (2007) investigated the compar#f computer generated
concept maps for students learning science conosptg the Inspiration software
program. In their study, the researchers hypatleesihat students who individually and
collaboratively generated concept maps using coenputould perform better than
students who did not generate concept maps. Tdonddnypothesis was that students’
attitudes towards concept mapping would be posfovéoth groups. The control group

consisted of 12 students, the individual group =ted of 31 students, and the
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collaborative group consisted of 31 students. hatlleginning of the semester, the
individual and collaborative group attended a tidag workshop on computer-based
concept mapping using Inspiration. The controugrepent the same amount of time as
the other two groups who attended the workshopsistead of learning how to create
concept maps, the students were required to watatea about an upcoming science
fair. After the three days attending the workshbp,three groups were all given the
same science essays to study in the classroorododfys to prepare for the
comprehension exam. The students in the contoalmstudied their notes and the
science essay individually for thirty minutes. @&tuats in the individual group also
studied individually and created concept maps uiegnspiration software for thirty
minutes. Students in the collaborative groupistith groups of three and created
concept maps using the Inspiration software fatyhminutes. All of the groups
submitted their study notes and concepts mapsd&iking the comprehension exam.
Students were also asked to complete a learniatggir questionnaire developed by the
researchers to describe the steps they took t@prdpr the comprehension exam. One-
way ANOVA showed that there was a significant de#fece between the individual,
collaborative, and control groups on the compreloensxam. The Tukey’s HSD post
hoc test also indicated that the individual groufperformed the control group on the
comprehension test. However, there was no sigmfidifference found between the
scores on the comprehension test for the individadlcollaborative groups. The
guestionnaire results reported that studentsudti towards using concept mapping for
science learning were positive regardless of whdtte individually or collaboratively

created the concept maps. The students exprdssEttiteating those maps and studying
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relationships between bubbles and links were dwetpful and fun for learning science”.
The authors concluded that students’ views on icrgabncept maps with the use of
computers were positive and may influence scienoeept learning.

Another study involves the use of computer progrémsallow students to create
concept maps with hypermedia, images, and anim@&oiem, Yilmaz, & Ozyalcim,
2009). In this study, the authors investigatedetifiect of concept mapping on
meaningful learning of atom and bonding in a bakiemistry course. The main goal
was to determine the effects of concept maps peepasing paper/pencil and a
hypertext-hypermedia program. Thirty students kgdlan a basic chemistry course
participated in the study. The students were rarigalivided into two groups. Both
groups were lectured on the concepts of atoms andibg. The instructor explained to
each group on how to prepare concept maps befquerireg the students to construct
concept maps on atom and bonding. In group lieheher explained atoms and bonding
using concept maps prepared using the computertinthypertexts. The group 1
students then constructed their own concept mapg tise hypertext-hypermedia
technique. The students prepared the concept osapg text, graphics, audio, and
moving images. In group 2, the instructor expldittee same concepts using concept
maps prepared using paper and pencil. The graipd2nts then constructed their own
concept maps using paper and pencil without theotidee computer. A 10-item open-
ended atom and bonding knowledge test was alsonggteried to the students as a pre-
and post- test. The concept maps were analyzeddgning 1 point for each valid
relationship, 5 points for each valid hierarchy,pbints for each valid cross-link and 1

point for each valid example. The t-test resultsvged a statistically significant
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difference for group 1 on the pre- and post- tégdwever, for group 2 there was no
significant difference found on the pre- and ptss$t. A significant difference was also
reported for group 1 on the construction of thecemt maps compared to group 2. The
authors concluded that the students who used therfigxt environment to create their
concept maps were able to construct a greater nuofilserrect relationships between
concepts compared to the students who createdtieept maps just with paper/pencil
without the use of the computer. The authors stete“the advantage of this technique
is the use of technology, it motivates the studantshelps increase their success.”
Chou, Chen, and Dwyer (2011) examined the instnetieffectiveness of
different types of concept mapping for online leagrabout the human heart. Ninety-
five undergraduate students participated in thdysti'he control group only received
the online instructional material pertaining to tteart. The first treatment group
received the same online instructional materiahwai additional 19 concept maps that
summarized the instructional materials’ main cohtélrhe second treatment group also
received the same online instructional materiahwai additional 19 visualized concept
maps with static heart images or pictures. Aftanpleting the instructional materials,
the students were administered three post-testteantification test, terminology test, and
comprehension test. The 20-item multiple choiemidication test required students to
identify numbered parts on a drawing of a humanthéghe 20-item multiple choice
terminology test measured students’ knowledge atfderms, and definitions. The
comprehension test measured students’ understantithg heart, its parts, internal
functional, and process. The data was analyzed)usie-way multivariate analysis of

variance (MANOVA). The reported results showed 8tadents in the visualized-based

54



concept mapping group (the second treatment grouperformed the students in the
traditional concept mapping on identification aadhiinology questions. There was no
significant difference found between the contral &reatment 1 group. The authors
attributed these results to the incorporation efuisual images of the concepts with the
textual information integrated into the concept map

Although these previous studies used the compuatkcancept mapping for
learning, the majority of studies used some sodoofiputer program to help students
construct the concept maps. Even with the commeérerated concept maps, the reports
showed that students were able to perform betteichirevement tests compared to the
students who did not use the computer. Howeverctincept maps generated on the
computer did not provide students access to tleeriat but only a visual representation
of the concept map. Although the computer gendred@cept maps present the relevant
concepts, it does not provide a path to help stisdemderstand the relationship between
concepts. For this purpose, the construction otephmaps may be enhanced by the use
of the internet and ontologies. However, the waletiucational purposes are still
limited due to the vast amount of information po®d which may be presented without
relevance or has misconceptions that may hindeveca learner (Hargis, 2001).
Therefore, ontologies may be helpful in describiglgted knowledge and identifying
useful and connected information in a domain aénes$t such as chemistry using the
internet (Chen, 2009).
Ontologies for Conceptual Learning

There are several definitions that have been tegdor the term ontology.

Ontology stems from the branch of philosophy caiteztaphysics that studies the nature
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of being and was first introduced by Aristotle tassify things in the world. However, in
information science the term ontology takes onff@mdint meaning. It was first

introduced to the information science disciplinesig the 1990s by Atrtificial

Intelligence researchers. The most cited definiti@s proposed by T.R. Gruber which
defines it as “a formal, explicit specificationathared conceptualization for a domain

of interest (Gruber, 1993)”. However for educasibpurposes, a ontology can be

defined as a hierarchically structured set of tetordescribe a domain that can be used as
a skeletal foundation for a knowledge base (Swarteatil, Knight, & Russ, 1997).

Some key methods in using ontology-based e-leamoiolg in the classroom for learning
are described below:

1) Using the Ontology to Carry out an Activitin order to become familiar with a
particular subject, ontologies could be used tesifa different concepts or gain a
better understanding of the underlying topics. &ample, an assignment can be
given to a student in a chemistry course to clpsadtter. This student while
using the ontology has to understand the underlgigg of the subject including
types of matter, their classifications, charactess etc. Additionally, students
are using the ontology as a visual representatitineogeneral structure of course
materials (Allert, Markkanen, & Richter, 2006).

2) Using Ontologies to Organize Informatidn.all classrooms, the course content is
derived from a vast amount of data and informati@file taking a course a
student has to organize, store, and retrieve tt/iiformation for learning.
Therefore, ontologies can be used to organize tmd this information in a more

efficient manner by keywords, definitions, concepisd theories. Students are
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able to use a more domain specific tool to gaietéeb understanding of the
material and therefore can produce mental conceptrof the subject (Allert,

Markkanen, & Richter, 2006).

Several studies in the literature have reportetheruse of educational ontologies
as a tool for enhanced learning that also integred@rse related materials into its system
for learning (Fok & Shing, 2007; He, Peng, Mao, &V2010; Pernaa & Aksela, 2008;
Wang, Peng, Cheng, Zhou, & Liu, 2011). One stibrijaa & Aksela, 2008) used
concept mapping as a navigational tool for meaningirning in a web based chemistry
course. The concept maps were designed using Cooépfdr an easy navigational tool
to help students find relevant course informatianrsect chemistry. CmapTools
software is used to create concept maps with thsipidity of adding media resources
such as animations, pictures, and documents (CnudpKonowledge modeling kit,

2012). The system consisted of four general mgight complex concept maps, and 11
web pages. The four general maps were designedudents to visually identify a
general structure of the material. The conceptpmgppages were designed to give an
example of the information on the web page and &iigents organize the knowledge of
the web page before actually viewing it. Afterdstnts clicked on the web page, they
would be able to view animations and several itéra molecular models. Seventeen
chemistry teachers participated in the study tduata the web system. After using the
web system, each participant was given a questientexamine their opinions of the
web material. The results from the survey indidatdnigh acceptance of using the web-

based learning materials for insect chemistry whthuse of concept maps. While 65%

57



of the teachers strongly agreed that the use afeginrmaps was an excellent or a good
navigation tool for the web material, some of tlagtisipants expressed concern over the
structure of the web material by stating: “Thereev®o much [sic] concept maps. | did
not get the whole picture”. While others had a enpositive view about the system
stating “Concept maps clarified the structure.”

He, Peng, Mao, and Wu, (2010) study involved erieay models designed by
integrating digital libraries and ontology-basedwtedge representation. Their system,
DiLight, was tailored to library and informationience course related materials and
included slides, lecture videos, readings, andteo#ts that were presented in a digital
library. Students used the DiLight system by briogishrough the collection using the
lecture-based browsing, ontology-based browsind,artology-based search. The
lecture-based browsing allowed a student to bratwsrigh the lecture collection and
locate specific topics and their corresponding doents. The ontology-based browsing
allowed a student to navigate through the 43 typeslationships provided in the
ontology and discover semantic relationships betvike course topics and concepts.
The ontology-based search option allowed the stsderfind documents that were
relevantly similar to the search terms due toe&rshing mechanism of utilizing
interconnection and associative relationships betvamncepts. Ten students enrolled in
the library and information science course parétag in the study and completed eight
task using the DiLight system and Blackboard. Afiempleting the tasks, the students
were administered a questionnaire asking aboutgb&ilness of the two systems in
completing the tasks. Descriptive statistics shibtirat students performed better when

they used the DiLight system to complete the t#s&s using Blackboard. The results
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also showed that the students spent less timenplete their tasks using the DiLight
system than by using Blackboard. From the queséine, the results showed that 60%
of the students agreed or strongly agreed thatnb@ogy-based search option in DiLight
was helpful in completing the tasks and finding ¢berect answers, while only 10% of
the students strongly agreed that Blackboard whie The authors concluded that e-
learning technology with the use of ontologies raallance students’ learning
performance and become an extension to traditios&uction methods.

In another study (Wang, Peng, Cheng, Zhou, & L011), the authors
investigated the use of knowledge visualizationsklf-regulated online learning. The
system structure contained Java programming couaterial. The course materials
were arranged into a knowledge visualization map thie main concepts connected to
related concepts. Students were able to expleredhcepts by zooming into/out of the
map or by clicking "+" and "-" around the conceptles. The knowledge visualization
maps were also linked to assessment materialsitgaresources (lecture slides, audio
presentations, reading materials), and questiod@aswer discussion problems. Twenty
students voluntarily accepted as participants aluate the JAVA system. Data was
collected using a questionnaire survey and anvigerto collect data on students’
perceptions and reactions towards the systemedRaample t-test was used to evaluate
the pre- and post- surveys. Boxplots were repddeatescribe the exploratory
characteristics of the surveys by explaining stislesatisfaction with the system and
their satisfaction with individual functions in tegstem. The t-test revealed that students
had a positive attitude toward online learning t#ved/ were willing to use the online

learning system. The Boxplots revealed that tiséesys and individual functions were

59



perceived to be easy to use by the students. misdeen of the twenty participants
participated in the interview portion of the resdar From the interview response, all of
the participants gave positive remarks about uiegystem. Most of the participants
also suggested that the system was easy to brovisel tearning resources by clicking
on a topic. One participant stated, “In case |twwarknow more about a specific
knowledge, | just click it. It is so simple andelit, saving both time and effort”. The
authors concluded that although the study was adedwith a programming course,
ontologies can be applied to other learning progtam

Although there have been several reported studgigeuse of ontologies in the
literature, most of these have been based ontliteraeviews (Allert, Markkanen, &
Richter, 2006; Cassin, Eliot, Lesser, Rawlins, & Woolf, 2003; Fok & Shing, 2007;
Sosnovsky, 2009). Other studies using ontologiesefairning in the literature have been
overview studies introducing the ontologies withany noteworthy results of their use
(Kadivar & Lee, 2010; Chu, Lee, & Tsai, 2011). Even though prior studies as discussed
previously used pre-existing computer concept ng@psu, Chen, & Dwyer, 2011;
Pernaa & Aksela, 2008) or computer generated camaaps for learning (Kwon &
Cifuentes, 2007), ontologies with the use of therimet may provide additional
information to a user such as textual and pictani@rmation with digital resources
(animations, simulations, videos). Ontologiesré¢f@e, can be built around a specific
knowledge base such as the subject chemistranlinclude a vocabulary of terms,
definitions, and an indication of how conceptsratated (Fok & Shing, 2007).
Ontologies are also cognitively structured, so thatrelationships among concept nodes

are clearly defined for learners (Chu, Lee, & T28il1). Students then will have a more
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domain specific “database” to locate concepts dedtify their relationships between
them (Pernaa & Aksela, 2008) to create concept mapsrefore, a chemistry ontology
may provide students with a more valuable toolkleruse in educational settings
because it can be designed to search concepts in chemistry; and it can also provide the
user topics related to a concept of interest whely aid in a student’s understanding of
the subject.

This literature review set out to discuss issudsaming chemistry in college and
describe alternative learning aids to help studentisese courses. The major themes
found in the literature dealt with learning collegeemistry, the use of concept mapping
in the classroom for educational purposes, and actemaided learning tools. The major
findings of the literature review were that the mtsictors in learning chemistry were
students’ attitudes towards chemistry, their laclraderstanding of fundamental
concepts, misconceptions of chemistry conceptsuaidy rote learning. Other major
findings indicated that concept maps were not asld as assessment tools but also as
learning and study tools for student learning. Tike of concept maps not only helped
students in organizing course concepts but alseeprto be a valuable tool for them in
gaining a better cognitive understanding of theemalt Finally the use of computer-
aided learning tools proved to be a valuable tookfudents to be able to use the internet
as a structured learning environment.

This study filled a gap in the literature on the w$ ontologies for e-learning
purposes for the learning of the sciences. Asexngd shows from the previous literature
above(He, Peng, Mao, & Wu, 2010; Pernaa & Aksela, 2008; Wang, Peng, Cheng, Zhou,

& Liu, 2011), these studies support the use of logies for e-learning purposes and the
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use of ontologies in the sciences that will adtheoknowledge base of existing literature
to promote this alternative learning tool in eduarat Also, this would provide an
alternative means of organizing and sharing coonaterials for several disciplines that
can be used by not only students but tutors arahéza as well. This study also
expanded the knowledge on the use of concept mg@pid computers in chemistry as a
study/learning tool and identified further resegpassibilities that identified ways to
improve students’ attitudes towards chemistry, epiwcal understanding of chemical

concepts, and metacognitive skills.
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CHAPTER 3
RESEARCH PLAN
The purpose of this study was to compare the &figcstudents using alternative

learning aids (concept maps, ontology) to traddidearning aids used in an introductory
chemistry course. Therefore the goals of the ppegaesearch were to (1) develop a
concept exploration based learning methodologygusamcept maps as study/learning
tools for learning of chemistry concepts, (2) depehn ontology-based interactive
platform in which relevant information to a coursa be sought, and (3) measure
student outcomes through the use of examinatiodsarveys to assess changes in
metacognition and attitudes towards chemistry. fBHewing research questions were
addressed in this study:

RQ1: What are the changes in students’ metacogrstills throughout a semester?

RQ2: How do students’ attitudes change through@araester?

RQ3: What are the changes in students’ metacogrskills from the interaction

with the alternative learning aids (concept map$ology) compared to other

students?

RQ4: How do students’ attitudes change from theradtion with the alternative

learning aids (concept maps, ontology) compareuther students?

RQ5: How does the interaction with alternative héag aids (concept maps,

ontology) affect students’ ability to answer exanestions about key concepts

compared to students in the control group?
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RQ6: How does the interaction with alternative héag aids (concept maps,
ontology) affect students’ ability to explain coetiens between key concepts?
Additional research questions arose during theystoidbtain a better understanding of
students’ attitudes towards creating concept magaiaing the Creonto software in the
introductory chemistry course.
RQ7: What are students’ attitudes towards creatorgept maps in the chemistry
course?

RQ8: What are students’ attitudes towards usiegareonto software?

Course and Participants

The introductory chemistry course chosen for thuslg was part of a core
curriculum course for non-science majors withditib no previous background in
chemistry. The course is designed to introduceestts to chemical principles and
relevance to chemistry in the life sciences. Tim®kment for the course varies between
90-180 students in each of the 5 sections offeezdpademic year, with the largest
cohort of students being pre-nursing majors. Thisgrse was chosen because it is
categorized as a general education or core reqaireoourse and considered to be
standard within the curriculum. The traditionadking style for this course includes in-
class lectures taught by PowerPoint notes whiclpaséed on Blackboard Learn for
student access. Therefore, our objective wasonchiange the teaching style of the
course but to integrate concept mapping and thenistiy ontology into the existing
curriculum and assess its effects on student llegrni

This study consisted of three phases of implemientatver a three semester

period. Phase 1 (control group) consisted ofal tft64 out of 181 students in the
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Spring semester who completed all research matearal course assignments. Phase 2
(treatment 1 group) consisted of a total of 32ajut2 students in the Summer semester
who completed all research materials and coursgramssnts. Phase 3 (treatment 2
group) consisted of two groups due to there benmgdcheduled courses during the Fall
semester of the study. In order to reduce confimgnefffects in the study, it was decided
to compare the two groups in treatment 2 separételyis study to the control and
treatment 1 groups. The treatment 2A group waghtiaim the morning and consisted of
103 of 182 students who completed all researchmatend course assignments. The
treatment 2B group was taught in the afternooncamsisted of 79 of 155 students who

completed all research materials and course assigism

Research Design

Phase lcontained the control group with no integratioradtitional materials
into the course. The control group was taught ésgynconcepts by the traditional
instructional format which consisted of an instaratentered approach. Materials were
presented in lecture format from prepared PowetRuites, and students were assigned
homework throughout the semester and assessedaxangnations after each unit. The
lecture PowerPoint slides, learning objectives, jpiragttice examination questions were
also provided to the students on Blackboard Ledire purpose of this phase was to
evaluate the effects of traditional learning aidsstudents’ conceptual understanding of
chemistry concepts, metacognitive skills, andwadts towards chemistry. Pre- and post-
surveys (Appendix A) were administered at the beigigpand end of the semester to
measure changes in students’ opinions about thetimeognitive skills and attitudes

toward chemistry over the course term. Studenphase 1 (control group) were also
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administered standardized examinations questidas @ich unit (Appendix B). The
examination questions were used to compare studdmilifes to explain key

connections between concepts taught in the chgnaistirse. The questions consisted of
short answer free response questions and multigiee questions based on the central
concept mapping topics.

Phase 2contained the first treatment group with the samaditional instructional
format as the phase 1 group with the addition effttur concept mapping homework
assignments (Appendix F) into the curriculum. gtlidents were required to attend a
concept mapping workshop session during the fiestknof courses to become
familiarized with the instructions and requiremefatsconstructing the concept maps in
the course. The students all received a conceppimgmstructional package that
included a description and purpose of a concept staps to creating a concept map,
how to write the descriptive phrases to show retedhips between concepts, and a
grading rubric (Appendix C). The concept mappirgrkghop format will be discussed
in more detail in subsequent chapters. Pre- and posreys (Appendix A) were
administered at the beginning and end of the sean&smeasure changes in the students’
attitudes toward chemistry and metacognitive skillie surveys administered also
included additional survey items to measure stuglepinions regarding the concept
mapping intervention. Students were also assesséuea conceptual knowledge of
chemistry concepts by using the same standardizediaations as described in phase 1.
As with the control group, the lecture PowerPolites, learning objectives, and practice

examination questions were also provided to theestts on Blackboard Learn.
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Phase 3contained the second treatment group with thgraten of the same
four concept mapping homework assignments as ghasth the addition of using the
chemistry ontology, Creonto software “Intro Chemyisapplication. The same
instructional format was followed in phase 3 as described in phases 1 and 2. As with
phase 2, all students in phase 3 were also requaratiend a concept mapping workshop
session during the first week of the semester toine familiarized with the instructions
and requirements for constructing the concept nrapige course. Additionally, students
in phase 3 received an instructional sheet duhiegbncept mapping workshop for using
the Creonto “Intro ChemistrySoftware to help them visually see how the chemistr
concepts were related to one another and assmt\lig composing their descriptive
phrases when constructing their concept maps (Agipdd).

As with the control and treatment 1 group, thedsefowerPoint slides, learning
objectives, and practice examination questions aks@ provided to the students on
Blackboard Learn. Pre- and post- surveys (AppeAjiwere also administered at the
beginning and end of the semester to measure #rggeb in the students’ attitudes
toward chemistry and metacognitive skills. Theveys administered in this phase are
the same as described in phases 1 and 2 with thiosadl survey items for the Creonto
“Intro Chemistry”software. Students were also assessed on theieptuat knowledge
of chemistry concepts by the same standardized ieations as described in phases 1

and 2.

Statistical Analysis
The following portion discusses the statisticallgsia used for each of the

research questions.
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RQ1 and RQ2:Paired sample t-test was used to analyze the pdepast-survey
data to measure the changes in students’ attitosesds chemistry and metacognitive
skills for learning at the beginning and end of $kenester. Paired sample t-test statistics
was used because it determines whether thereiffeeedce between the means in the
same group. This analysis was completed for enakeof the study.

RQ3-RQ5: Univariate analysis of variance (ANOVA) was usedt@alyze the
pre- and post-survey data and standardized exaomnaultiple choice scores from all
three phases. Univariate ANOVA was chosen becawk#armines whether there is a
difference between the means of two or more diffeggoups. The pre- and post-
surveys were used to investigit®3 and RQ4sing data from all three phases to
measure the changes in metacognitive skills and@gts at the beginning and end of the
semester. The dependent variables were the me@cagaitive skills and attitude scores
and the independent variable was group. The stdizéa examination multiple choice
guestions were used to investigR®5to measure students’ abilities to answer the
standardized examination multiple choice questiofise dependent variable was the
multiple choice exam scores and the independerdhlarwas group.

RQ5 and RQ6: Friedman test was used to analyze the standardikaadination
short answer questions and concept mapping scbinesstandardized examination
guestions also included short answer questionshakére used to also investigRR€5.
The short answer questions on the examinations based on the concept mapping
homework topics.Concept mapping scores from phase 2 and 3 weretasedestigate
RQ6to determine the ability of students to explainreections between concepts.

Friedman Test was chosen because it is used tditiesences between groups when the
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dependent variable is ordinal. The dependent bigriaas the concept mapping scores
and the independent variable was time.

Additional questions arose during the study to imbéamore in depth
understanding of the students’ attitudes towardatarg concept maps and using the
Creonto “Intro Chemistry” software in the cours@e$e questions weWhat are
students’ attitudes towards creating concept maps$he chemistry course@ndWhat
are students attitudes towards using the Creonttigare? Univariate ANOVA and
frequency distribution analysis was used respdgtiveanalyze students’ attitudes
towards concept maps and the Creonto softwarevddate ANOVA was chosen
because it determines whether there is a differbat@een the means of two or more
different groups. Frequency distributions weredusecause only the treatment 2 groups
used the Creonto software. The frequency analgpiesented a summary of the
distribution of values in the sample and showedtimaber of occurrences in that
specific category. Table 1 shows a summary of tagstical methods that were utilized

to analyze the research questions.
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Table 1. Statistics used to analyze research questions

RQ | Assessment Research Questions Statistica
Procedure
RQ1| Pre and PostWhat are the changes in students’ Paired
Surveys metacognitive skills throughout a semester3ample t-test
RQ2 | Pre and PostHow does students’ attitude change Paired
Surveys throughout a semester? sample t-test
RQ3 | Pre and PostWhat are the changes in students’ Univariate
Surveys metacognitive skills from the interaction | ANOVA
with the alternative learning aids (concept
maps, ontology) compared to other students?
RQ4 | Pre and PostHow does students’ attitude change from th€nivariate
Surveys interaction with the alternative learning aidsANOVA
(concept maps, ontology) compared to other
students?

RQ5| Exams How does the interaction with alternative | Univariate
learning aids (concept maps, ontology) effe&NOVA and
students’ ability to answer exam questiong Friedman
about key concepts? Test

RQ6 | Concept How does the interaction with alternative | Friedman

maps learning aids (concept maps, ontology) effegest
students’ ability to explain connections
between key concepts?

RQ7| Post Survey| What are students’ attitudes towareisticrg | Univariate
concept maps in the chemistry course? | ANOVA

RQ8| Post Survey] What are students’ attitudes towaragyus | Frequency
the Creonto software? distribution

Summary of Research Plan

This research study consisted of three phasesmiémentation over three

semesters for students enrolled in an introduatbgmistry course. All students

involved in each phase of the study were taughhbyraditional instructor centered

format with the same instructor presenting the ngltePhase 1 group contained the

baseline data for the study which included no wréation in the course’s curriculum.

Phase 2 group consisted of the first interventibfowr concept mapping homework

assignments that were assigned in conjunction @atih unit. Students were required to

70



construct a concept map based on a given topicimg @ provided list of key concepts.
Students in phase 2 were able to use the resojomase textbook, notes, and/or
internet) of their choice to help them with constiag their concept maps. The phase 3
group consisted of the second treatment group twéladditional intervention of using
the Creonto “Intro Chemistry” software and was cosg of two sections. These
sections were compared separately to reduce codifogifactors that may occur if the
two sections were combined. Students were assitp@eshme four concept mapping
homework assignments as phase 2 students withh¢hesion of using the Creonto
software to help them with constructing their cqutiamaps. All students in phase 2 and 3
were required to attend a concept mapping workslegpion that was held the first week
of their respective semester that they were ertatighe course.

Students in all three phases were assessed uamipstlized examination
guestions that were based on the four concept mgpppics and main concepts taught
in the course. These exams were administeredthterompletion of each unit.

Students in all phases were also assessed usiagg@n@ost surveys that were
administered at the beginning and end of the seme$hese surveys were used to
measure students’ opinions towards their attitidesit chemistry and metacognitive

skills for learning. Additional survey items warsed in phase 2 and 3 groups to measure
students’ opinions towards the use of concept nmgpfair learning and the Creonto
software. Students in phases 2 and 3 groups as® assessed from their constructed
concept maps to measure their abilities to expglammections between key concepts with

the interaction of the alternative learning aids.
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CHAPTER 4
STUDENT SURVEY

Based on the literature review and variables @regt to measure, an initial draft
of survey items was developed. The initial surgegsisted of 9 declarative statements
in the attitude section, 14 declarative statemientise metacognitive skills section, and 8
declarative statements in the learning resourcei®se The instructions were designed
to ask participations to indicate their level ofegment to each statement using a five-
point Likert scale. The Likert scale included fbkBowing options: (1) strongly disagree,
(2) disagree, (3) neutral, (4) agree, and (5) siisoagree.

Attitudes towards chemistry statements were reltdesfudents’ positive or
negative feelings and their perceived self-efficabgut chemistry. The self-efficacy
statements were intended to probe students’ pad&onfidence and ability in
chemistry. The metacognitive skills statements wel&ed to the three categories of
metacognition which are planning, monitoring, amdleating. The planning statements
were intended to probe students’ organizationdlsskirhe monitoring and evaluating
statements were intended to probe students’ awssai¢heir own learning and
assessment skills. Finally the learning resoutatesients were intended to probe

students’ opinions about concept maps and usingteento software.
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Content Validity

In order to validate the survey, an expert paned widized to obtain content
validity measures. Validity measures are needeatbtermine whether the instrument
adequately measures what it is intended to meadure.content review process was
guided by McKenzie, Wood, Kotecki, Clark, and B(@999) study which used a mixed
methods process of a qualitative review followedalyuantitative review. The main
procedures followed to obtain content validity floe survey was to 1) create the initial
draft of the survey, 2) establish a panel of exyp&} complete the qualitative review, and
4) complete the quantitative review.

Panel of Experts:Once items were developed, the initial survey gaevere
reviewed by a panel of experts to analyze contaeldity. Fifteen experts from the field
of chemistry and chemistry education were askembtoplete the review (Appendix E).
However, only eleven experts completed the reviena 73% response rate.

Qualitative Review: Members of the panel completed an online Surveykdgn
instrument that asked them to provide feedbackrdiggthe directions, instrument
items, and overall instrument. The reviewers vesiaed to provide feedback on the
clarity and revision of survey items. Based onrthgewers’ feedback, the following

revisions were made to the survey items (Table 2).

73



Table 2: Qualitative review revisions for Attitude section

Attitude Item Change Reason
for
change
| am enthusiastic about | am interested in learning chemistry Wording
learning chemistry language
| am confident that | I am confident that | can understandloo Broad
understand science concepts chemistry concepts
I am confident in my ability to Iltem Deleted Unclear &
do chemistry Vague
| am comfortable in | am comfortable discussing Too Broad
discussing science with my | chemistry concepts taught in this
peers course with other students
I am confident in my ability to | am confident in my ability to solve More
solve chemistry problems chemistry problems in this course | Specific
I am confident | will succeed| | am confident | will achieve a More
in this chemistry course passing grade in this chemistry Specific
course
| am able to apply my | can apply my knowledge of Too Broad
knowledge of science to the | chemistry taught in this course to
real world situations outside the classroom
Understanding of chemistry isChemistry understanding is Rearrange
necessary for me to achieve| necessary for me to reach my careewording
my career goals goals to flow
better
My grade in this course Item Deleted Two Parts
determines how familiar | am and
with course materials. Unclear
Applying that knowledge in
the real world has little to do
with it

These changes were considered for clarity and wgrdinguage. The following
declarative statement was also added to the attgadtion: “After completing this
course, | am interested in taking other chemistyrses”. After the revision of the survey

items, the second draft survey consisted of 8 datil@ statements in the attitude section.
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Table 3: Qualitative review revisions for Metacognitive sen

Metacognitive Item Change Reason for
change

| know that | understand topicsl know | understand concepts Rearrange

when | can see how conceptg when | can see how they relate to wording to

relate to one another one another flow better

Before solving a problem, | setBefore solving a problem, | make Wording to

a plan (steps) in my head on | a plan (steps) on how to solve it | flow better

how to solve it

When solving problems, | kegpWhen solving problems, | check | Two Parts;

track of my progress and makemy work before submitting it Made more

changes if needed Specific

| feel the ability to connect The ability to connect new Wording to

new concepts with prior concepts with prior knowledge is|dlow better

knowledge to solve problems| challenge for me

is challenge

| use concepts | understand toIf | don’t understand how to Rearrange

guess the best way to proceedanswer a problem, | use conceptswording to

if  don’t understand how to | do understand to guess at the besflow better

answer a question way to proceed

| become nervous when | haveltem Deleted Unclear

to consider multiple wording and

procedures (steps) to complete assumes

an assignment nervousness
as
metacogniti
on

After completing an Item Deleted Two Parts

assignment, | think back on

how | completed it and about

what | might do differently

next time

| try to understand a problem | | try to visualize a problem before More

before attempting to solve it | attempting to solve it Specific

When | have difficulty When | have difficulty Two Parts

understanding a question, | | understanding a problem | skip it

give up and skip it

| feel as if it is a waste of time| Checking my working on Two Parts

to go back and check my workassignments is unproductive

on assignments

| find that to fully understand aWhen learning chemistry More

topic just memorizing it is memorizing the concepts is all | | specific

enough need to know

The ability to organize For me, the ability to organize | Wording to

concepts is not important for | concepts is important for problem flow better

me to solve problems solving
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| try to connect new concepts| When | don’t understand a Combined
to concepts | already know in| concept, | try to connect it to into one
order to get a better concepts | already know sentence
understanding. If | don’t
understand a topic

| put adequate time and efforf Item Deleted Two Parts
to do well in all my courses and Not
essential

The changes in the metacognitive section were mdst to the initial statements having
two parts. After the qualitative review, the secaindft survey consisted of 11 declarative

statements in the metacognitive skills section.

Table 4: Qualitative review revisions for Learning Resource
Learning Resource Item Change Reason for
change
| have sometimes used concept have used concept mapping tdVording to
mapping in my classes to help| help organize course concepts flow better
organize course materials
| am confident in my ability to | No change
construct concept maps for
learning
Concept mapping is time No change
consuming
Concept mapping has helped | No change
me to see links between
concepts
Concept mapping is helpful No change
because it shows me what |
know and what | need to learn
Concept mapping is hard to | Item Deleted Repetitive
learn how to do
Using the computer (internet, | The Creonto software was easyMore specific
web tutorials, etc.) helps me in to use to complete assignments

my learning
| feel comfortable in using the | The Creonto software was More Specific
computer (internet, web beneficial to my learning in this

tutorials, etc.) in my learning | course

After considering the revisions of the survey itethe second draft survey consisted of
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eight declarative statements in the learning resosection. The additional statement
added to the learning resource section includede“Creonto software helped me to
better understand the concepts taught in this ebufris statement was added to
measure the students’ opinions towards the udeeattiemistry ontology, Creonto, in the
course.

Quantitative Review: After considering reviewers input on the revisiom a
clarity of items, each reviewer was then askedte each items as essential, useful but
not essential, or not necessary based on the i@lisy in monitoring changes in
students’ opinions about their metacognitive skadl$itudes towards chemistry, and
learning resources over the course term (Appenilix Ehe responses for each survey
item were calculated using the content validityor&€VR) (Lawshe, 1975). The content

Ne— N/2

validity ratio formula isCVR = W]
2

wheren, is the number of panelists rating an

item as “essential” and is the total number of panelists providing ratintgble 5 shows
the minimum CVR value that must be obtained foitem to be statistically significant
at the p<0.05 level. From table 5, the lowest C\&Rig for eleven experts is 0.59 as the

minimum requirement for statistical significance.
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Table 5: Minimum values of CVR for items at the p>0.05 leve

Number of Panelists Minimum Value
5 0.99
6 0.99
7 0.99
8 0.75
9 0.78
10 0.62
11 0.59
12 0.56
13 0.54
14 0.51
15 0.49
20 0.42
25 0.37
30 0.33
35 0.31
40 0.29

In the attitude section, only two items reachetistaal significance (Table 6). These
items were “l am interested in learning chemisagd “I am confident in my ability to
solve chemistry problems in this course”. Additithpyawo other items had a CVR value
of 0.455 and 0.273, which indicated that 8 of 1d @rof 11 reviewers respectively rated
these items as essential. Based on the feedbaulk, siothe reviewers believed that these
items were useful but needed an additional comifugr@n-ended) section for students to
clarify their reasoning of agreement. Additionalyme reviewers appeared to be unclear
on rating items as essential, useful but not eedeat not necessary. For example, one
reviewer wrote: “I do not exactly understand”. Jkbnfusion on the rating scale and
reviewers believing that items needed an additionoaiment (open-ended) section for
students to clarify their reasoning of agreemeslted in the remaining four items in the

attitude section having a low CVR value.
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Table 6: Quantitative content validity results for attituskection
Attitude Items CVR Value
“l am interesting in learning chemistry” | 0.636

“I am confident in my ability to solve
chemistry problems in this course”
“I am confident that | can understand 0.455
chemistry concepts”
“Chemistry understanding is necessary fp0.273
me to reach my career goals”
“I am comfortable discussing chemistry | -0.091
concepts taught in this course with other
students”

“I am confident | will achieve a passing
grade in this chemistry course”

“I can apply my knowledge of chemistry | -0.273
taught in this course to situations outside
the classroom”

“After completing this course, | am
interested in taking other chemistry
courses”

In the metacognitive section, four items reachatisical significance (Table 7).
These items were “I know | understand concepts wioam see how they relate to one
another”, “Before solving a problem, | make a p{steps) on how to solve it”, “The
ability to connect new concepts with prior knowledg a challenge for me” and “When |
don’t understand a concept, | try to connect tdacepts | already know”. Additionally
the remaining seven items all had positive CVR @alwhich indicated that more than

half of the reviewers rated the items as essential.
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Table 7:“Quantitative content validity for metacognitivelltk section

Metacognitive Skills Items CVR Value
“I know | understand concepts when | can see hay th | 0.818
relate to one another”

“Before solving a problem, | make a plan (stepshow to | 0.636
solve it”

“The ability to connect new concepts with prior kredge

is a challenge for me”

“When | don’t understand a concept, | try to connem

concepts | already know”

“When solving problems, | check my work before 0.455
submitting it”

“If I don’t understand how to answer a problemséu 0.273
concepts | do understand to guess at the bestavay t

proceed”

“I try to visualize a problem before attemptingstave it”
“Checking my work on assignments is unproductive”

“For me the ability to organize concepts is impottr

problem solving”

“When | have difficulty understanding a problenskip it” | 0.091

“When learning chemistry memorizing the conceptllis
need to know”

In the learning resource section, one item reaskedtstical significance (Table
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8). This item was “The Creonto software helpedtonietter understand the concepts
taught in this course.” Additionally, five of tlitems had positive CVR values which
indicated that more than half of the reviewersddhe items as essential. Based on the
feedback, reviewers considered the concept majCaeahto software statements as not
relevant for the course. Clarification and an arption were given to reviewers
concerning the use of concept maps and the Craoffiware in the course. However,

reviewers were still configd on the importance of the statements; for example, one




reviewer wrote “With respect to these items, | déamow enough about the course to
determine how essential the instructor thinks @uiqulars of the course learning
opportunities are to learning”. This confusiontba importance of the statements to
measure students’ attitudes towards concept maptharCreonto software resulted in
the low CVR ratings for the learning resource items

Table 8: “Quantitative content validity for learning resoaritems
Learning Resource Items CVR Value
“I have used concept mapping to help organize eurs 0.091
concepts”

“l am confident in my ability to construct concepaps | 0.273
for learning”

“Concept mapping has helped me to see links between
concepts”

“Concept mapping is helpful because shows me what |
know and what | need to learn”
“Concept mapping is time consuming” -0.455
“The Creonto software helped me to better undedstan0.636

the concepts taught in this course”
“The Creonto software was easy to use to complete | -0.091
assignments”
“The Creonto software was beneficial to my learrimg| 0.455
this course”

It was noted by Bunce, VandenPlas, Neiles, & F(@040) that content validity is
a “subjective measure because it relies on thempgahg of experts in the field”. This
traditionally requires for those items that falldy the CVR significance level to be
deleted. However, based on Lawshe’s content v¥glidrmula the following
characteristics were utilized:
* When the CVR value is negative, fewer than hathefexperts rated the
item as essential

When the CVR value is zero, half of the experteddhe item as essential
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and half rated it as not essential
*  When the CVR value is 1.00, all of the expertsddhe item as essential
* When the CVR value is between zero and 1.00, nitane half but less
than all the experts rated the item as essential
These characteristics suggest that when the CMievalbetween zero and 1.00, that
more than half of the experts rated the item asrgsd. Therefore, the items on the
survey with CVR values between zero and 1.00 wetiggned and items with negative
values were deleted from the student survey. &l fiersion of the revised survey
(Appendix A) was utilized in the study and contairieur statements in the attitude
section, eleven statements in the metacognitiviiose@nd six statements in the learning

resource section.

Survey Reliability

Reliability of the survey instrument was first coietpd using test-retest reliability
using 118 student volunteers in the introductomgmoistry course. Students were
administered only the attitude and metacognitivatiges of the survey twice
approximately 2-3 weeks apart. These sections w@seadministered because the
student volunteers had no interaction with concegpping or the Creonto software in
the introductory chemistry course. The data ct#iédrom the survey was analyzed
using the correlation coefficient between the tets ©f responses. The correlation
coefficient indicated the degree of linear relasioip between the responses. The value
from the correlation coefficient range between +dn@ -1.0 where +1.0 indicates a

perfect linear positive relationship and -1.0 irdés a perfect linear negative
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relationship. A correlation of 0.0 indicates a ladKinear relationship. However, a
correlation value of 0.7 to 0.8 is considered asfeatory.

Before calculating the reliability, some surveymteneeded to be reversed scored
to properly measure reliability. Four items in thetacognitive skills section were
reversed scored using the same 5-point Likert sedlere 5 indicated strongly disagree
to 1 indicating strongly agree. These four itenesen'The ability to connect new
concepts with prior knowledge is a challenge fot,f\#&hen | have difficulty
understanding a problem, | skip it”, “Checking mgnk on assignments is
unproductive”, and “When learning chemistry memioaigzthe concepts is all | need to
know”.

After reverse scoring the items in the metacogeisigction, each section was
then averaged for each participant yielding onee/&br the attitude and metacognitive
skills section to calculate test-retest reliabiliyhe analysis was performed using IBM
SPSS Statistics software version 22. Table 9 shibevtest-retest reliability correlation
coefficient for the attitude and metacognitive Iskidections which indicate satisfactory

reliability of the survey.

Table 9: Test-retest survey reliability measurements

Survey Sections Test-Retest Reliability
Attitude Section a =0.807
Metacognitive Skills a=0.742

Section

In order to measure reliability on the entire syntbe reliability analysis was completed
a second time using 103 students from the treatthgnbup. Internal consistency

reliability was utilized for the second round ofdysis. This type of reliability indicates
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the consistency of a multiple item scale and detemif the items on that scale
measures the same general construct. So in arderderstand whether the items in the
survey all measure “attitude towards chemistry”etatognitive skills”, “attitudes
towards creating concept maps”, and “attitudes tde/asing the Creonto software”, a
Cronbach’s alpha was analyzed.

Internal consistency is typically calculated us@r@nbach’s alpha which is a
statistics calculated from the mean correlatioraxth item in the scale with every other

item and is represented by the following equation:

a:—K <1— Iir{:lo.gi)
K-1 0%

The variable K represents the components or nuofiegms measured, where X 5 ¥

Yo+ Ya+ - +Yy, 0, represents the variance of the observed totasteses, and,?i
represents the variance of component i for thatectisample of person. The value from
a Cronbach’s alpha measurenof 0.9 is considered excellent, 0.%.> 0.8 is considered
good, 0.8 > > 0.7 is considered acceptable, 0.a >0.6 is considered questionable, 0.6
>0 > 0.5 is considered poor, and 0.5 ¥ considered unacceptable. The analysis was
performed using IBM SPSS software. From tableitl€an be seen that the survey
instrument was reliable containing reliability vesuof good to acceptable reliability

ratings. The final version of the surveys candaenfl in Appendix A.

Table 10: Internal consistency survey reliability measuretaen

Survey Sections Internal Consistency
reliability, Cronbach’s alpha

Attitude Section a =0.849

Metacognitive Skills a=0.739

Section

Concept Map Section a =0.869

Creonto Software Section| o = 0.885
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CHAPTER 5
CONCEPT MAP WORKSHOP

All students were required to attend a concept nmgpporkshop session that was
held during the first week of the semester in ph@and 3. The concept mapping
workshops were designed to familiarize studenth wancept mapping before assigning
them as homework assignments in the course. Téikad was encouraged by Markow
& Lonning (1998) to train students in constructcancept maps prior to assigning the
concept maps as assignments. The workshop sesstoesliesigned to be an hour and a
half long training workshop. The students all reed a concept mapping instructional
package that included a description and purpogecohcept map, steps to creating a
concept map, how to write the descriptive phraseshow relationships between
concepts, and a grading rubric (Appendix C).

The purpose of concept mapping was explained ttests to be a way for them
to illustrate how the chemistry facts and concégasned during the semester were
related. After the initial introduction of explang the purpose of concept maps in the
introductory chemistry course, the proper way tmpose the descriptive phrases
between concepts were described. The descriptirgsps were explained to be phrases
that represent a meaningful and complete relatiprsttween two relevant concepts. It
was then clarified that a meaningful and completecdptive phrase between two
relevant concepts should show a clear understamditige relationships among the two

concepts. The following examples of descriptiveagks were presented to students to
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avoid when creating their concept maps to showioglships between two relevant
concepts:
» Correct but general descriptive phrase example

is a ]
Dog > Family Pet

is a type of
Dog yP > Family Pet

» Partially correct but incomplete descriptive phragsample

are numbers in
Fractions >|  Algebra

« Incorrect descriptive phrase example

breathe under

. - Fins
water using their

Fish

The majority of students had little to no previous background in chemistry; therefore
simple examples were presented to give them thertppty to brainstorm. Using these
general examples, students were able to relatdifarmoncepts together using
meaningful descriptive phrases instead of chemisiics to gain the experience of
composing descriptive phrases.

After the discussion on descriptive phrases, tlegss of constructing a concept
map was shown to students as a class on the wdatel b It was stated to students that
for the workshop training and homework concept mépsy would receive a central
topic with a list of key concepts to construct th@ncept maps. Students were

instructed to only use the terms listed on thedidtey concepts to create their concept
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maps. In order to demonstrate how to construcingept map with a list of key

concepts, | presented students with a central &mica list of key concepts. This
concept map was based around the central topit. “@éar stated above, the majority of
students had little to no previous background in chemistry; therefore simple examples

were presented to give them the opportunity toristarm. Using these general examples,
students were able to relate familiar conceptsttmyaising meaningful descriptive
phrases instead of chemistry topics to gain therapce of composing descriptive
phrases and constructing the concept maps. Stidené given the following
instructions: As a class construct a concept mapsity how the terms listed below are
related. Your map should be constructed aroundéhé&al concept: “Car”.

Concept Term List:

e Car

e Driver

e Seats

» Seatbelts

» Steering Wheel
 Wheels

e Motor

The workshop involved full participation from stunde in creating the concept map.
Students were instructed on how to organize theamrterms in the list, how to link the
related concept terms together through meaningfsitidptive phrases, and to follow the
tips on constructing a concept map shown in Table Eigure 2 shows an example of the
concept map “car” created by, the workshop instiuahd students. After instructing the
students on how to construct a concept map ardwndentral topic “car”, the students

were assigned into groups containing 5 to 6 stgdEntomplete their own concept map.
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Table 11:Tips on constructing concept map

*Check for the following after constructing your map:
v" Your names are included on the top of your map
v" You have included all and only the terms providedri the list above to create
your map
All lines connecting your concepts are one-way arkes
You have included descriptive phrases on all one-waarrows connecting

your concepts
v" Your map shows what you know about the central tomi: Car

v
v

Steering  |e—
Wheelg controls the movement of the
car by guiding the
steers the car ‘\

using the moverment is Wheels
controlled by the
maoves by the
position of the four

Oy drives and [ rotatesthe
man euvers e Car P~ axles to turn the
is powered
by its
secure & protect the Motor
designed to sit

passenferg ina

Seathelts pdf———are designed to
have fastened —_

Seats

Figure 2. Example of the concept map “Car” from concept wapkshop

The student groups created concept maps centerén dopic “flower”. Students were
asked to follow the same instructions as the omepbeted as a class by using the
following terms: Flower, Rose, Fragrance, LoveriBlpand Feeling. After completing
the group concept map, the students exchangedsaperthe grading rubric was
reviewed (Appendix C) to become familiar with hdve ttoncept maps would be scored.

An example of one group’s “Flower” concept maphswn in Figure 3.
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Figure 3. Student group “Flower concept map

The concept map grading rubric was adapted froels®n’s (2010) scoring
rubric. The grading rubric consisted of two catéggrl) concepts and terminology and
2) Knowledge of the relationships among concepigch concept mapping assignment
was worth a possible total of 8 points. The fostegory “concepts and terminology”
points ranged from 0-4 points where 4 points wévang for using 100% of only the
terms provided in the list of key concepts, 3 poior using 99%-75% of the terms
provided in the list of key concepts, 2 pointsdsing 74%-50% of the terms provided in
the list of key concepts, 1 point for using 49%- @fthe terms provided in the list of key
concepts, and 0 points was giving if the studeatiusone of the terms provided in the
list of key concepts to create the concept mape Sdtond category “knowledge of the
relationships among concepts” points ranged frofnp@ints where 4 points were given
for a concept map that showed all meaningful amdptete descriptive phrases with a

clear understanding of the relationships amongtmeepts, 3 points for a concept map
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that showed a good understanding of the relatipgséamong concepts with correct but
general descriptive phrases, 2 points for a conoegt that showed a few
misunderstandings of the relationships among theegats with partially correct and
incomplete descriptive phrases, 1 point was gieerafconcept map that showed a lack
of understanding of the relationships among theepts with many incorrect/irrelevant
descriptive phrases, and 0 points were given fmreept map that showed no
understanding of the relationships among concejitout any descriptive phrases. A
more in depth breakdown of the scoring for the “iexige of the relationships among
concepts” section can be found in Appendix C.

After reviewing the grading rubric, each studeaswiven the workshop
instructor’s contact information and office houeos &ssistance in constructing the
concept maps that would be assigned as homewadnassnts throughout the semester.
At the end of the workshop, each student receikett first concept mapping homework
assignment on the central topic “Energy” to be clete individually. The remaining
three concept mapping topics “ElectronegativityChtmical Reactions”, and “Chemical
Potential Energy” were each assigned in conjunatiith each unit (Appendix F). Each

concept mapping assignment was due a week aftersiassigned.
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CHAPTER 6
CREONTO ONTOLOGY SOFTWARE
Creonto Ontology Development

In phase 3 (treatment 2A & 2B), the incorporatidrcancept maps and the
chemistry ontology, Creontavas integrated into the course curriculum. Sttslerere
encouraged to use the Creonto “Intro Chemistoftware to assist them in composing
their descriptive phrases for their concept majstarexplore chemistry concepts taught
in the course. The ontology used in the study evaated with the Creonto software
program developed by INDUS Techlnnovations.

The Creonta@oncept-based framework for this research was dpedlbased on
master concept maps composed of main concept®piud taught in the introductory
chemistry course. The system was able to semdgtaainect every added concept to
create the chemistry ontology with related imagetgos, and web links.

In order to incorporate these master concept mag<laemistry content into the
Creontosoftware, a web resource tool was developed tisatmbled the form of a
chemistry book. This web-based “chemistry book” wasigned using the Creonto

graphical user interface (Figure 4).

The following steps were performed in developing web-based “chemistry book”:
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1. By clicking on the create book plus sign icon shawRigure 4, a course specific

chemistry ontology was added into the system cdllgdo Chemistry”.

: --”?5‘..1!

A——

s e

X 4

Figure 4. Graphical user interface to create book in Creonto

2. After the book was created, chapters were thenchttdd were based on the
main concepts taught in the chemistry course assho Figure 5. The
chemistry course PowerPoint notes were also addedgdthis step to each

chapter.
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Chapter Hame Energy and Chemical Equilibrium in Chemical Reactions

Acids and Bases
&

Figure 5. List of chapters added to the “Intro Chemistrybko

3. After adding in the chapters, key concepts wereeddd each chapter and
chapter concept maps were constructed to derivehémmistry ontology. Figure
6 shows an example of the “Energy” chapter conoegy integrated into the

chemistry ontology
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o] Concept Map I My Lab
¢ MNew Save Load % Concept [

| Map  Intro Chemistry !Enbr@t’[ﬁhﬁﬂﬂ'{

State of matter a liquid to gas which is a [ Heat of vaporization ]
a
Potential ener;
a =solid to liquid which iz a

iz reflected in its

that is stored is called Heat of fusion

31 unit is the

ired to ch lid to liquid
required to change solid to liqui
required to change liguid to gas

has a unit of type of kinetic

temperature goes through change

Joule

of motion is called raises temp. 1 g by 1 degree celsius

iz-a type of
Heat capacity |
can be measured by
Kinetic energy

calculates changes in

where solid changes to liguid is "| Melting point

ST it in metric units

in Englizh units
n Celsi
Fahrenheit

Figure 6. Energy concept map integréted into Creonto
4. In order to ensure that each concept added intorttadogy displayed proper
course related information; each concept was reateand edited by adding
descriptions, videos, images, and web link res@uiaseshown in Figure 7
5. After completing the above steps, the “Intro Chemidook was added into the

Creonto software as shown in Figure 8.
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All About Matter -

Mstter is anything that cooupies space and has mass. It is 2 general term for the substznoe of which all physicsl objscts consist. Typically, matter
incledes atoms and other particles which have mass, Matter exists 3l sround us in our evenydsy fives, It can be classified 22 3 pure substance
{chemical substance) or mixturs which are different on the particulste level, Matter exists as being sither a solid, iguid, or gas and can demonstrate

Mattes and

hity / ? x

ifying hatter Part 3

Link Title

Link URL

Figure 7. Interface used to edit concepts
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-

Biology

My Books' iy

Create Book Intro

i Chemistry A
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|
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L=
[Shared
| Chapters]
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Figure 8. “Intro Ch‘emistry” book added to Creont

Creonto Software Interface for Students

Students in phase 3 (treatment 2A & 2B) were assighe same four concept
mapping homework assignments throughout the semesghase 2 students, with the
additional requirement that instructed them tothgeCreontsoftware as an assistance
tool in constructing their concept maps. In orderthe students to use the system, they
were provided with a unique web link that took theinectly to the “Intro Chemistry”
book located within the Creonto software after inggn with their school email address
as username and ID number as password. The ogtotodgigurations were designed to

automatically display the “Intro Chemistry” book&ble of content with key concepts, a
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chapter list icon, settings icon and a search bdleatop of the page (Figure 9) upon a

student’s correct log-in credentials into the syste

Chapter list icon Settings
< icon
8 crecnte N = o~
Search box \ H—
Celsius Conversion factor Conversion of units
Density Cimensional analysis Gram
International System of Units Lenath Litre
Mass Metre Metric system
Scientific notation Second Significant fisures
Specific gravity Units of measurement Volume

-

All about Energy

All About Matter

-

The Elements

-

The Atom

-

Compounds and Chemical Bonding

-

Chemical Equations and Chemical Reactions

-

Those Gas Laws

-

-

Properties of Solutions

-

Energy and Chemical Equilibrium in Chemical Reactions

Acids and Bases

-

Figure 9. “Intro Chemistry” book’s table of content

The table of contents showed all of the chaptetis aiist of concepts associated with
each chapter for the “Intro Chemistry” book. Eaohncept located in the table of
contents was interactive which allowed studentsittter navigate through the table of
contents to find the concept they were lookingdiotype the key term into the search
box. For example, if a student wanted to find mofermation about the concept “state
of matter”, they would either type the concept tstaf matter” into the search bar and
click on the appropriate concept or click on thdl #bout Matter” chapter in the table of

content list and a list of concept terms for tHamter will appear. They would then click
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on the “state of matter” concept term and it waaldomatically direct them to a page

with descriptions, images, videos, web links, agldted concepts for “state of matter”

(Figure 10). The book icon located at the tophefpage stored the course’s PowerPoint

notes for reference while navigating through thigvsare.

Al About Matter

Chemical change
Chemical compound
Chemical element
Chemical property
Chemical substance
Energy

Enthalpy of fusion
Enthalpy of vaporization
Gas

Homogeneity and heterogeneity
Liquid

Matter

Welting point

Mixture

Physical change
Physical property

Solid

State of matter

Sublimation

PowerPoint notes icon—= 1 & =

State of matter

States of matter are the distinct forms that different phases of matter teke on. Solid, liquid and ges are the most common states of matter on
Earth. Historically, the distinction is made based on qualitative differences in bulk properties. Solid is the state fn which matter maintainsa
fixed volume and shape; liquid s the state in which matter maintains a fived volume but adapts to the shape of its container; and gas s the
state in which matter expands to occupy whatever volume is available,

B0y
0., .0
0o %0
0.9 0
External Content: Videos:

1. Bl Nye:
2. States of Watier
3. States of Mater

1. State of matier - Wikdpadiz, the fra Phiases of Matier

Related Concepts for State of matter

Chemical compound  Chemicalelement Chemical property Chemical

substance Energy Enthalpy of fusion Enthalpy of
vaporization Gas Homogeneit and heterogeneity quU|d Matter
Melting point Mixtwre Physical change Physical property Solid

Figure 10.“State of Matter” topic in the “All About Matterthapter

Each concept term page also featured a “relatedegds’ tag cloud which represented

all of the associated terms in the chapter thaewelated to the concept (Figure 11).

Related Concepts for State of matter

Chemical compound Chemical element Chemical property Chemical

substance Energy Enthalpy of fusion Enthalpy of

Vaporization Gas Homogeneity and heterogeneity L|qU|d Matter
Melting point Mixture Physical change Physical property Solid

Figure 11.Related concepts tag cloud for “state of matter”
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In the related concepts box, the larger the foattiore closely related the concept was to
the term that the page was currently on. The smialtes represented that the concepts
had a more distant relationship to the term. Eacitept term in the related concepts
box was interactive and when clicked automaticditgcted students to that term in the
chapter with descriptions, videos, and extern&islito explore the relationships between

them.
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CHAPTER 7
RESULTS
The results of this study were used to comparefieets of students using alternative
learning aids (concept maps, ontology) to traddidearning aids used in an introductory
chemistry course. This study contained three ghakenplementation which consisted
of a control, treatment 1, and two treatment 2 gsoftireatment 2A & 2B). The results
represent data that were collected through eackepbfamplementation to assist in
gaining a better understanding of the effects ofcept maps as an educational tool and
the usage of integrating a web-based tool in aoduictory chemistry course. It assisted
in identifying changes in students’ metacognitikéls and attitudes towards chemistry at
the beginning and end of the semester, studentityab answer exam questions about
key concepts, and attitudes towards constructimgega maps and integration of the
web-based tool in the introductory chemistry courgdditionally, the analysis provided
insight on the effect the alternative learning didd on students’ ability to explain
connections between key concepts.
IRB Approval
Before conducting research using the studentsamntinoductory chemistry
courses, Institutional Review Board (IRB) approwalk obtained under protocol number
X121108004. All materials and methods for the aede study were reviewed and
approved on November 9, 2012. An updated reviewalso conducted and approved on

November 1, 2013.
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Equivalency of Groups

In order to determine if the groups (control gropatment 1 group, and
treatment 2A & 2B groups) were similar to each gthquivalency tests were utilized.
Equivalency tests were used to determine statilstiéano differences exist between the
groups at the beginning of the study. Therefoeddlarning outcomes of the study may
be attributed to the learning aids provided tottkatment groups.

Each student’s pre-calculus math score gradesoimses completed at the
University were collected at the beginning of teengster for the three groups. It is
important to note that pre-calculus is a pre/coigtgufor enrolling in the introductory
chemistry course. The mathematical skills commateit through these courses are
essential to student success in introductory chtei§herefore, these scores were used
to establish equivalency between the groups anilyzethusing ANOVA.

Univariate ANOVA was conducted to determine equenaly between the groups.
The control group contained 64 students, treatrhembup contained 32 students,
treatment 2A group contained 103 students, anthtiesat 2B group contained 79
students. The following table 12 displays the mg@acalculus math score grades for
each group on a 4-point scale.

Table 12 Pre-calculus mean score equivalency data

Pre-Calculus Mean Score, M | Standard deviation, SD
Control (N=64) M=2.516 SD =1.392
Treatment 1 (N=32) M=2.313 SD =1.534
Treatment 2A (N=103)| M = 2.913 SD =1.422
Treatment 2B (N=79) | M = 2.835 SD =1.589

The results indicated that there was no significhfiference for pre-calculus scores at the

p<0.05 level for the groups [F(3, 274)=1.960, p20]1 Specifically, the results suggest
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that all groups were equivalent and show no stegissignificant difference in math level
based on their pre-calculus scores.
Attitudes towards Chemistry Survey Results

Attitudes towards chemistry data were obtainedgitie pre- and post- surveys
administered at the beginning and end of the sené&stall groups. The survey items
were intended to probe student’s opinions aboutnestey throughout the semester.

Control group pre- and post- attitude: Paired samples t-test was used to analyze
the students’ pre- and post- attitudes towards @teyrusing the attitude section of the
survey for the control group. This analysis wakzed to determine the students’
attitude changes throughout a semester. The ¢@mntop contained 64 students who
completed both pre- & post- surveys. There wersigoificant differences in the pre-
attitude towards chemistry mean scores (M=3.436;(B8D9) and post-attitude towards
chemistry mean scores (M=3.341, SD=1.)06 the control group; t(63)=0.939,
p=0.351. These results suggest that studentgiodahtrol group attitudes towards
chemistry remained relatively the same by the driledosemester.

Treatment 1 group pre- and post- attitude: Paired samples t-test was used to
analyze the students’ pre- and post- attitudesrdsvehemistry using the attitude section
of the survey for the treatment 1 group. The pmexsy administered to the treatment 1
group was given to students at the beginning obdmester before the implementation
of the concept mapping assignments into the courke.post-surveys were administered
at the end of the semester. The treatment 1 groofained 32 students who completed
both pre- & post surveys. There were no significhfierences in the pre- attitudes

towards chemistry mean scores (M=3.432, SD=0.808)ast-attitudes towards
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chemistry mean scores (M=3.477, SD=1)0f34 the treatment 1 group; t(31)=-0.414,
p=0.682. These results suggest that studentgitréhtment 1 group attitudes towards
chemistry remained relatively the same by the drileosemester.

Treatment 2A group pre- and post- attitude: There were two sections of the
introductory chemistry course offered during thelementation phase for treatment 2.
Due to the scheduling of the courses, it was décidenalyze the two sections
separately to avoid any confounding variables mhay occur if the groups were
combined. Therefore, paired samples t-test wad iesanalyze the students’ pre- and
post- attitudes towards chemistry using the attitselction of the survey for the treatment
2A group. The pre-survey administered to bothtineat 2 groups were administered to
students at the beginning of the semester beferartplementation of the concept
mapping assignments using the assistance tooln@regato the course. The post-
surveys were administered at the end of the semeBte treatment 2A group contained
103 students who completed both pre- & post survdygere were no significant
differences in the pre- attitudes towards chemistean scores (M=3.791, SD=0.691)
and post-attitudes towards chemistry mean scoresS @82, SD=0.854) for the treatment
2A group; t(102)=1.708, p=0.091. These results suggest that students in the treatment 2A
group attitudes towards chemistry remained relbtitree same by the end of the
semester.

Treatment 2B group pre- and post- attitude:Paired samples t-test was used to
analyze the students’ pre- and post- attitudesrdsvehemistry using the attitude section
of the survey for the treatment 2B group. Thesuerey administered to the treatment 2

group was given to students at the beginning obdmester before the implementation
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of the concept mapping assignments using the assestool, Creonto, into the course.
The post-surveys were administered at the endec$éimester. The treatment 2B group
contained 79 students who completed both pre- & paveys. There were no
significant differences in the pre- attitudes todgachemistry mean scores (M=3.839,
SD=0.600) and post-attitudes towards chemistry nseares (M=3.744, SD=0.577) for
the treatment 2Broup; t(78)=1.471, p=0.145. These results suggest that students in the
treatment 2B group attitudes towards chemistry reethrelatively the same by the end
of the semester.

Attitudes towards chemistry comparison resultsin order to compare attitudes
towards chemistry mean score (Table 13) changes tine interaction with the
alternative learning aids compared to studenteercontrol group, Univariate ANOVA
was conducted. A univariate ANOVA was conductedmaents’ attitudes towards
chemistry to compare the effects of the independanable groups on the dependent
variable attitude at the beginning and end of #maester. Results indicated there was not
a significant difference between groups at the @sCevel, F(2,211)=0.842, p=0.432,
partial eta squared=0.008. These results sugugstiiere was no statistically significant
difference between the control, treatment 1, treatri2A and 2B attitudes towards

chemistry mean scores at the beginning and erfteaémester.

Table 13.Attitude towards chemistry mean scores

Control, Treatment Treatment Treatment
n=64 1, n=32 2A, n=103 2B, n=79
Pre-Attitude Means M=3.434, M=3.422, M=3.791, M=3.839,
SD=0.809 | SD=0.809 SD=0.691 SD=0.601
Post-Attitude Means M=3.341, M=3.477, M=3.682, M=3.744,
SD=1.036 | SD=1.036 SD=0.854 SD=0.577
AAttitude=(PostAttitude- | M=-0.093, M=0.055, M=-0.109, M=-0.095,
PreAttitude) SD=0.788 | SD=0.748 SD=0.649 SD=0.574
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Metacognitive Skills Survey Results

Metacognitive skills data were obtained using thee pnd post- surveys
administered at the beginning and end of the sené&stall groups. The survey items
were intended to probe student’s opinions about karning styles specifically utilizing
metacognitive skills. Metacognition is the knowdedabout one’s own learning process
and involves one’s awareness, evaluation, and aggualof their thinking.

Control group pre- and post- metacognitive skills:Paired samples t-test was
used to analyze the students’ pre- and post- mgtétoce skills using the metacognitive
skills section of the survey for the control groufhis analysis was utilized to determine
the students’ metacognitive skills changes througlacsemester. The control group
contained 64 students who completed both pre- & gosveys. There were no
statistically significant differences in the preta@gnitive skills mean scores (M=3.671,
SD=0.433) and post-metacognitive skills mean scves3.624, SD=0.441) for the
control group; t(63)=0.602, p=0.549. These results suggest that students in theatontr
group’s metacognitive skills remained relativelg game throughout the semester.

Treatment 1 group pre- and post- metacognitive ski: Paired samples t-test
was used to analyze the students’ pre- and pos&cognitive skills using the
metacognitive section of the survey for the treatiriegroup. The pre-survey
administered to the treatment 1 group was givesiudents at the beginning of the
semester before the implementation of the concapipmg assignments into the course.
The post-surveys were administered at the endec$éimester. The treatment 1 group
contained 32 students who completed both pre- & paveys. There were no

statistically significant differences in the preetacognitive skills mean scores
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(M=3.673, SD=0.255) and post-metacognitive skillsam scores (M=3.756, SD=0.373)
for the treatment 1 group; t(31)=-1.146, p=0.261. These results suggest that stsiden
the treatment 1 group metacognitive skills remairgdatively the same from the
beginning and end of the semester.

Treatment 2A group pre- and post- metacognitive skis: As stated above,
there were two sections of the introductory chemisburse offered during the
implementation phase for treatment 2. Therefoaged samples t-test was used to
analyze the students’ pre- and post- metacogrstiles using the metacognitive section
of the survey for the treatment 2A group. The suerey administered to the treatment 2
group was given to students at the beginning obdmester before the implementation
of the concept mapping assignments using the assistool, Creonto “Intro Chemistry”
software, into the course. The post-surveys weneiristered at the end of the semester.
The treatment 2A group contained 103 students whapteted both pre- & post surveys.
There were statistically significant differenceghe pre- metacognitive skills mean
scores (M=3.866, SD=0.395) and post-metacognituts snean scores (M=3.739,
SD=0.435) for the treatment 2&oup; t(102)=3.261, p=0.002. These results suggest that
students’ opinions at the beginning of the semdsttare the implementation of the
concept mapping assignments using the Creontoo*Rlremistry” software were slightly
higher. However, by the end of the semester tndesits’ opinions towards their
metacognitive skills decreased.

Treatment 2B group pre- and post- metacognitive sks: For the 99 section of
treatment 2, paired samples t-test was also usadalyze the students’ pre- and post-

metacognitive skills using the metacognitive sectbthe survey. The pre-survey
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administered to treatment 2B group was given tdesits at the beginning of the
semester before the implementation of the concapipmg assignments using the
assistance tool, Creonto, into the course. Thefgaseys were administered at the end
of the semester. The treatment 2B group contai®estudents who completed both pre-
& post surveys. There were statistically significdifferences in the pre- metacognitive
skills mean scores (M=3.864, SD=0.346) and posaoognitive skills mean scores
(M=3.427, SD=0.272) for the treatment g2Bup; t(78)=10.573, p=0.000. These results
suggest that students’ opinions at the beginning@temester before the
implementation of the concept mapping assignmesitgyithe Creonto software were
slightly higher. However, by the end of the semesite students’ opinions towards their
metacognitive skills decreased.

Metacognitive skills comparison resultsin order to compare metacognitive
skills changes from the interaction with the altgive learning aids compared to students
in the control group, univariate ANOVA was condutteé univariate ANOVA was
conducted on students’ metacognitive skills to caraphe effects of the independent
variable groups on the dependent variable metatiegrskills at the beginning and end
of the semester. Results indicated a significéférdnce at the p<0.05 level between the
treatment groups’ metacognitive skills mean sc¢fable 14), F(2,211)=24.926,
p=0.000, partial eta squared=0.191. Due to thaifezgnt difference between the
treatment groups’ metacognitive skills, univariat¢OVA using contrast coefficients was
analyzed to compare the treatment groups’ metatiegrskills to the control group. The
results indicated a significant difference at tk@® 05 level between the groups’

metacognitive skills mean scores (Table 14), F@®)2%4.784, p=0.000, partial eta
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squared=0.139. In order to further investigaterésellts provided by the ANOVA, post
hoc comparisons using the Scheffe test conditidicated that the mean metacognitive

skills score for the control group was statistigailgnificant different from treatment 2B

with a mean difference oA=0.391. There were no differences between thaalosd

treatment 1 and treatment 2A metacognitive skil®ewever, the treatment 2B group

metacognitive skills were also statistically sigeaht different from treatment 1 and

treatment 2A with a mean difference a£-0.519 and -0.309 respectively.

Table 14 Metacognitive skills mean scores

Control, Treatment 1, | Treatment 2A, | Treatment 2B,

n=64 n=32 n=103 n=79
Pre Metacognitive M=3.671, | M=3.673 M=3.866, M=3.864,
Means SD=0.434 | SD=0.255 SD=0.395 SD=0.346
Post Metacognitive M=3.625, | M=3.756, M=3.739, M=3.427,
Means SD=0.441| SD=0.373 SD=0.435 SD=0.272
AMetacognitive=(Post | M=-0.045, | M=0.082, M=-0.128, M=-0.436,
Metacognitive-Pre SD=0.602 | SD=0.407 SD=0.397 SD=0.367
Metacognitive)

Concept Map Assignments Results

Concept mapping assignments were administeredideists in the treatment 1
and both treatment 2 groups. Each treatment gnaup required to attend a concept
mapping workshop prior to receiving their first cept mapping assignment which
introduced them to the purpose and how to cons#recincept map in the introductory
chemistry course. Four concept mapping assignnvezrts administered to the treatment
groups during each unit on the topics: Energy, tEbeegativity, Chemical Reactions, and
Chemical Potential Energy. All students in thetneent groups were given a list of key
terms with a designated central topic to compleéér ttoncept mapping assignments.

Each concept mapping assignment was due one wigktafias assigned. Students in
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the treatment 1 group were allowed to use any resdighemistry textbook, notes,
PowerPoint slides, etc.) needed to construct ttweicept map, while students in both
treatment 2 groups were instructed to use the @oe'dmiro Chemistry” software to
assist them in constructing their concept maps.

Concept map grading rubric reliability: The concept map grading rubric was
adapted from Snelson’s (2010) scoring rubric. Tialigpg rubric consisted of two
categories: 1) concepts and terminology and 2) kedge of the relationships among
concepts. Each concept mapping assignment wak wonaximum of 8 points. In order
to test the concept map grading rubric to deterniities rubric produced stable and
consistent results, reliability testing was utitizelnter-rater reliability was used to assess
the degree to which different raters (the IntrodacChemistry instructor and 1) agree in
their assessment decisions. Cohen’s kappa wasaisbéck the reliability agreement
because it corrects for the probability that rat@isagree due to chance alone.

Thirteen students’ “Energy” concept mapping assignts from the treatment 1
group were randomly chosen based on the random enutalble generated from
stattrek.com on July 5, 2013. This random numdlgletconsisted of 52 random numbers
produced according to the following specificatiohsnumbers were randomly selected
from within the range of 1 to 52 and 2) duplicateniers were not allowed.

Each rater was given the randomly chosen 13 stad@&rtergy” concept map
and graded the assignments based on the conceradipg rubric. Table 15 shows the
two raters agreement scores. Rater 1 was thedudtory Chemistry instructor and rater
2 was the co-principal investigator both with backods in chemistry. From the rater’s

scores, both raters were in agreement for 11 otlteol 3 student assignments. The
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disagreement was found with students 8 and 13hinhwthe raters were just one point
off from each other in the relationships section.

The raters’ scores were then computed using IBNisHitss SPSS version 22 to
check the reliability scores for the concept mdpias Cohen’s kappa was computed to
check the reliability for the keywords section lo¢ trubric and resulted in a kappa of
1.000 indicating complete agreement between the#ters. Cohen’s kappa was also
computed to check the reliability for the relatibips section of the rubric and resulted in
a kappa of 0.759 indicating substantial agreemetwden the two raters.

Table 15:Inter-rater reliability concept map agreement sgore

Students Raters Keywords Relationships Total
T — : 2
T — z i
el — 1 :
e — z 2
el — : ;
T — : 2
T — 1 :
e — . 2
it a— : i
e R ra— : ;
T ; 2
i — 3 2
i T — i s
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From the Cohen’s kappa results, the reliabilityhaf grading rubric resulted in perfect
agreement for ratings of keywords and substangiedeanent for the ratings of the
relationships between concepts.

Concept map keywords comparison resultsThe keywords section of the
concept map grading rubric was designed to astessrgs’ abilities to use the words
provided on the list of key terms to construct tle@incept maps. Students were
instructed to use only the terms provided withayglgtating or adding other terms to
construct their concept maps for each of the fesigmments. Both treatment groups
were assigned the exact same four concept mappsignenents with the same list of key
terms. The only differences in the assignment&wethe instructions.

The treatment 1 group had the following instrucsidi@onstruct a concept map

on a separate sheet of white/copy paper showingthewerms listed below are related.

Please write your name on the top of the paper te@dnstruct your concept map to

receive credit for this assignment. Your map shbeld@onstructed around the central

concept:(central topic)

While both treatment 2 groups had the followingrmstions:“Construct a

concept map on a separate sheet of white/copy pagpeg the Creonto software as an

assistance tool to show how the terms listed balewelated. Please write your name

on the top of the paper used to construct your ephmap to receive credit for this

assignment. Your map should be constructed ardumdéntral concepi{central
topic)'.
From the instructions, the major difference isboth treatment 2 groups to use

the Creonto software as an assistance tool. Eaderg was allowed one week to
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complete their concept mapping assignment.

Students’ abilities to use the words provided anlist of key terms to construct
their concept maps using resource tools of chacepared to students who used the
Creonto software resource, was conducted usingfiae test. Friedman test was used
to analyze students’ abilities to use the key tgpnosided to compare the effects of the
independent variable time on the dependent variebjeiords at each time period. Table
16 shows each of the four concept maps’ keywordanseores for treatment 1,
treatment 2A, and treatment 2B groups.

Table 16: Keywords mean scores comparison
Treatment 1, N=32 | Treatment 2A, N=103 | Treatment 2B, N=79
Map 1 M=3.875, SD=0.421] M=3.942, SD=0.438 M=3.899, SD$6.4
Keywords
Map 2 M=3.969, SD=0.177 M=3.922, SD=0.436 M=3.848, SD6Q.6
Keywords
Map 3 M=3.594, SD=1.188 M=3.913, SD=0.562 M=3.823, SD8Q.7
Keywords
Map 4 M=3.375, SD=1.476f M=3.806, SD=0.793 M=3.810, SD$86.7
Keywords

There was not a significant statistical differeat¢he p<0.05 level in student’s abilities

to use the key terms depending on concept mapeatment 1X*(3)=3.706, p=0.295.

There was also not a statistical significant déferfound for the treatment 2 groups,

X?(3)=4.091, p=0.252. The results suggest that stsde treatment 1, treatment 2A,

and treatment 2B used a similar number of keywuigisn creating their concept maps.
Concept map connections/relationships comparison selts: A comparison of

students’ abilities to explain connections betwkey concepts to construct their concept

maps using resource tools of choice and studentsustd the Creonto software resource

was conducted using Friedman test. Friedman tastused to analyze students’ abilities
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to explain connections between key concepts to enenihe effects of the independent
variables time (concept maps 1, 2, 3, and 4) o#pendent variable connections for
each concept mapping assignment. Table 17 shashsoéahe four concept maps’
connections mean scores for treatment 1, treat@%mand treatment 2B groups.

Table 17:Concept map connections mean scores

Treatment 1 Treatment 2A Treatment 2B

N=32 N=103 N=79
Map 1 M=2.438, SD=0.801] M=2.515, SD=0.670 M=2.354, SD20.6
Connections
Map 2 M=2.281, SD=0.634 M=2.408, SD=0.706 M=2.177, SD40.7
Connections
Map 3 M=2.656, SD=1.125 M=3.126, SD=0.66Y M=3.127, SD53.8
Connections
Map 4 M=2.375, SD=1.385 M=3.126, SD=0.904 M=2.975, SD66.9
Connections

Friedman Test indicated that there was a statistisgynificant difference in students’
abilities to explain connections between key coteégr the treatment 1 group
depending on concept mapping assignments at th@pdrel X*(3)=9.047, p=0.029.
Further investigations using post hoc analysisgigi#icoxon signed rank tests with a
Bonferroni correction applied, due to making muéipomparisons, resulted in a
significance level of p<0.0083 indicated howevearéwas no statistically significant
difference between concept maps 1 and 2, 1 an@&BdH4, 2 and 3, 2 and 4, and 3 and 4
for treatment 1, Z=-0.863, p=0.388, Z=-1.190, 234, Z=-0.133, p=0.895, Z=-1.943,
p=0.052, Z=-0.368, p=0.713 respectively.

Friedman test also indicated there was a statilstisiginificant difference in
students’ abilities to explain connections betwkey concepts for treatment 2 group
depending on concept mapping assignments at th@p4dvel, X*(3)=202.406, p=0.000.

Post hoc analysis using Wilcoxon signed rank tesis conducted with a Bonferroni
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correction applied, due to making multiple compamis resulting in a significance level

of p<0.0083. There were no significant differenbetveen concept map 1 and 2, Z=-
2.296, p=0.022 and concept map 3 and 4, Z=-0.685506. However, there was a
statistically significant increase in connectiom$vieen concept map 1 and concept maps
3 and 4, Z=-8.339, p=0.000 and Z=-7.548, p=0.08peetively. There was also a
statistically significant increase in connectiotieen concepts maps 2 and concept
maps 3 and 4, Z=-10.149, p=0.000 and Z=-9.700,(8Drespectively.

Attitudes towards Concept Maps

In order to determine the treatment groups’ ategitowards constructing concept
maps in the introductory chemistry, the studentsevpeovided with statements on the
post-survey to assess their opinions. Each studehe treatment groups was provided
the post-survey at the end of semester.

Univariate ANOVA was conducted to determine thelents’ attitudes towards
concept maps mean scores for the treatment 1nteeda?A, and treatment 2B groups.
The results indicated no statistically significdifference in attitude towards concept
maps mean scores for treatment 1 (M=3.469, SD=0.8@atment 2A (M=3.462,
SD=0.781), and treatment 2B (M=3.365, SD=0.8#0)ps; F(2, 211)=0.341, p=0.711.
The results suggest that students in treatmentdlushd resources of choice to create
their concept maps had similar attitudes towaraeept maps as the treatment 2 groups
who used the Creonto “Intro Chemistry” softwareassist them in constructing their
concept maps.

Examinations Comparison Results

Examinations were administered to students ithadle phases to assess their
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abilities to answer exam questions about key cascefphere were four examinations
administered in class after each unit for all thybeases (Appendix B). The questions
consisted of short answer free response questimhmaltiple choice questions based on
the central concept mapping topic. The first exprastions were based on the central
concept mapping topic “Energy”, the second exanethas “Electronegativity”, the third
exam based on “Chemical Reactions” and the finafrekased on “Chemical Potential
Energy”. The main objective for the administratafithe standardized examinations
guestions were to determine the effect of the autgon with the concept mapping (Phase
2) and concept mapping with Creonto software (PBasearning aids on students’
abilities to answer exam questions about key casaggmpared to the control group.

Inter-rater reliability for examinations: In order to determine if the
examinations grading rubric produced stable andistent results, reliability testing was
conducted on the short response sections of theieations. The multiple choice
portion of the examinations was excluded becausg dhe not considered open-ended
guestions. Inter-rater reliability was used toeasshe degree to which different raters
(the Introductory Chemistry instructor and |) agré® assessment decisions. Cohen’s
kappa was used to check the reliability agreemeaaise it corrects for the probability
that raters will agree due to chance alone.

In order to stay consistent with former relialyilgnalysis, the same thirteen
randomly chosen students from the treatment 1 gnearp utilized for the reliability of
the examinations grading rubric for exam 4 basethercentral topic “Chemical
Potential Energy”. The exam contained 3 short angwestions where 2 points were

given for each true/false correct response andrigtor each correct justification using
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complete sentences and proper grammar. Just fiyeasngiven if complete
sentences/proper grammar was not used and 0 poivsong answers. The format of
the rubric was followed for the remainder threenega The exam instructions were as
followed:
“For each of the following statements, tell whethes true or false. If false, use
complete sentences and proper grammar to explaah perts of the statement make it
false, and why.”
1) In an exothermic reaction, the reactants have paotgntial energy, and the
products have only kinetic energy.
*Correct answer: False (In order for reactantetict they must possess some
kinetic energy and products may also have somanpatenergy remaining but
less potential energy in products for an exothem@a@ction)-4 points possible
2) In areversible reaction, the activation energugiger in the endothermic
direction than the exothermic direction.
*Correct answer: True (Knowledge of concepts oftegomic/endothermic,
understanding of activation energy and applica)ik@goints possible
3) Catalysts increase the rate of a chemical reablyahecreasing its heat of
reaction.
*Correct answer: False (Catalyst increase theafteaction by decreasing its

activation energy not the heat of reaction)-4 mopussible

Each rater was provided the thirteen randomly amgsedents’ short answer portion of
the exam to grade. Table 18 shows the ratersstoreach of the three questions on the

exam. Rater 1 was the Introductory chemistry irtdtnuand rater 2 was the co-principal
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investigator. From the rater’s scores, both ratene in agreement for 12 out of the 13
students’ exams. The disagreement was found wittest 8 were the raters were just
two points in agreement off from each other forsjiosm one.

Cohen’s kappa was computed to check the relialfdityjuestion 1 of the rubric
and resulted in a kappa of 0.800 indicating sulhsteagreement between the two raters.
Cohen’s kappa was also computed to check the iélyeor questions 2 and 3 of the

rubric and resulted in a kappa of 1.00 indicatiogplete agreement between the two

raters.

Table 18: Inter-rater reliability scores for exam rubriciadllity
Students Raters Question 1 | Question 2 | Question 3 Total
N A a——
| T ——
Swdent3 Eiers o 0 ; ;
e e —
| I
T —
| T E——
L ————
Swdent9 R iers o 0 : :
Stdent 10 R8> 0 0 0
Swdent 11 E8e 0 : ; :
T e —m—
L e e -
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From the Cohen’s kappa results, the reliabilityhaf grading rubric resulted in complete
agreement to substantial agreement for each afubstions between the two raters. The
results indicate that the reliability of the exaation grading rubric is a reliable and
consistent assessment measure.

Examinations multiple choice comparison resultstn order to compare
students’ abilities to answer exam questions (iplgltthoice) about key concepts from
the interaction with the alternative learning asdsnpared to students in the control
group, univariate ANOVA was conducted. Table 18vehithe four mean multiple choice
guestions examination scores for all groups. Aamate ANOVA was conducted on
students’ ability to answer multiple choice quassi@bout key concepts to compare the
effects of the independent variable groups on #peddent variable examination
multiple choice questions at the four time perioBesults indicated a significant
difference at the p<0.05 level between the treatrgeyups’ multiple choice questions for
exam 1 and 3 mean scores (Table 14), F(2,211)=3pZ0025, partial eta
squared=0.034 and F(2,211)=5.997, p=0.003, pat@asquared=0.054. There were no
statistically significant differences between theatment groups’ exams 2 and 4 multiple
choice mean scores, F(2,211)=0.637, p=0.530, patdssquared=0.006 and
F(2,211)=2.892, p=0.058, partial eta squared=0.d2Te to the significant difference
between the treatment groups’ exams 1 and 3 meiktipbice mean scores, univariate
ANOVA using contrast coefficients was analyzed ampare the treatment groups’

multiple choice questions to the control group.
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Table 19: Mean multiple choice scores

Exams | Control Treatment 1 Treatment 2A | Treatment 2 B
n=64 n=32 n=103 n=79

Exam 1| M=57.813, M=56.250, M=66.602, M=70.380,
SD=28.976 SD=25.621 SD=24.795 SD=24.923

Exam 2 | M=53.906, M=66.667, M=71.036, M=71.730,
SD=18.955 SD=26.774 SD=22.258 SD=19.310

Exam 3 | M=73.438, M=67.708, M=77.346, M=79.7468,
SD=18.238 SD=20.712 SD=16.144 SD=15.714

Exam 4 | M=64.688, M=51.250, M=56.117, M=62.279,
SD=18.428 SD=25.368 SD=24.101 SD=22.415

The results indicated a significant differencehat p<0.05 level between the groups’
exam 1 mean scores, F(3,274)=4.159, p=0.007, pattdiaquared=0.044. For exam 3
there was also statistically significant differefetween the groups’ exam 3 mean
scores, F(3,274)=4.465, p=0.004, partial eta sga&.©47. In order to further
investigate the results provided by the ANOVA, post comparisons using the Scheffe
test condition indicated that the control groupredcstatistically significantly lower on
exam 1 than treatment 2B, with a mean differenca=f12.567. Also on exam 1, there
were no statistically significant differences betwesontrol and treatment 1 and treatment
2A. Also there were no statistically significarnfferences between treatment 2A and 2B
on exam 1. While on exam 3 the treatment 1 scsia@dstically significantly lower than
treatment 2B, with a mean difference/sf-12.039. There were no statistically
significant differences between treatment 2A ancdb8Bxam 3. Also there were no
statistically significant differences between tloatrol compared to treatment 1 and

treatment 2A and 2B on exam 3.
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Table 20: Mean short answer scores

Exams | Control Treatment 1 Treatment 2A | Treatment 2 B
n=64 n=32 n=103 n=79

Exam 1 | M=67.969, M=69.375, M=71.359, M=74.937,
SD=16.826 SD=18.826 SD=16.212 SD=14.752

Exam 2 | M=75.156, M=80.000, M=78.252, M=81.139,
SD=25.758 SD=21.702 SD=18.757 SD=20.191

Exam 3 | M=77.969, M=80.000, M=86.796, M=87.342,
SD=20.868 SD=18.837 SD=14.018 SD=13.841

Exam 4 | M=51.875, M=56.563, M=56.505, M=60.127,
SD=26.118 SD=28.125 SD=25.349 SD=26.481

Examinations short answer comparison resultstn order to compare students’ abilities
to answer exam questions (short answer) comparstidents in the control group
(Table 20), Friedman’s Test was conducted. FrigteriEest was used due to the short
answer guestions containing ordinal data. Friediesh indicated there was a
statistically significant difference on short answeestions for the control group at the
p<0.05 level, %(3)=46.355, p=0.000. Further investigations ugingt hoc Wilcoxon
signed rank tests with a Bonferroni correction, tumultiple comparisons, resulting in a
significance level set at p<0.0083 indicated tlveas a statistically significant difference
between the short answer questions on exams 1,dndrizl 3, 1 and 4, 2 and 4, and 3
and 4 for the control group (Table 21). There wastatistically significant difference

between exams 2 and 3 short answer questions Z=2-1p5:0.284.
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Table 21 Control short answer comparison significance

Short Answer Comparison| Posthoc Wilcoxon signed
rank test results
Exam 1 and Exam 2 Z=-2.998, p=0.003
Exam 1 and Exam 3 Z=-3.396, p=0.001
Exam 1 and Exam 4 Z=-4.111, p=0.000039
Exam 2 and Exam 4 Z=-4.678, p=0.000003
Exam 3 and Exam 4 Z=-5.193, p=0.000

Friedman Test also indicated that there was asstatily significant difference in
students’ abilities to answer the short answer egaestions for the treatment 1 group
depending on exam at the p<0.05 leX&(3)=26.891, p=0.000006. Further
investigations using post hoc Wilcoxon signed reests with a Bonferroni correction
applied, resulting in a significance level set «00083 indicated there was a statistically
significant difference between the short answestioes on exams 1 and 2, 2 and 4, and
3 and 4 for treatment 1, Z=-2.720, p=0.007, Z=-8,55-0.000374, and Z=-3.660,
p=0.000252 respectively. There was no statisticGtjnificant difference between exams
1 and 3, and 1 and 4 short answer questions fatntent 1.

Friedman'’s test also indicated that there wastesstally significant difference in
students’ ability to answer the short answer qoastfor the treatment 2 groups
depending on exam at the p<0.05leveé{(3¥=179.473, p=0.000. Further investigations
using post hoc Wilcoxon signed rank test with afémoni correction applied, resulting
in a significance level set a p<0.0083 indicateztehwas a statistically significant
difference between the short answer questionsl@xams (Table 22). Based on the

mean scores of the short answer questions for¢aément 2 groups, students were able
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to increase their abilities in answering the shhodwer questions correctly as time
progressed throughout the semester. All groupseddower on exam 4 compared to the

other exams.

Table 22 Treatment 1 short answer comparison significance

Short Answer Comparison| Posthoc Wilcoxon signed
rank test results
Exam 1 and Exam 2 Z=-4.595, p=0.000004
Exam 1 and Exam 3 Z=-8.779, p=0.000
Exam 1 and Exam 4 Z=-6.688, p=0.000
Exam 2 and Exam 3 Z=-5.190, p=0.000
Exam 2 and Exam 4 Z=-8.256, p=0.000
Exam 3 and Exam 4 Z=-9.620, p=0.000

Time Completing Assignments Comparison Results

A comparison to determine the amount of time fadents to complete
assignments in all groups was compared. This aisalyas completed to determine if
there were any differences in the amount of timeestts needed to complete
assignments with the incorporation of constructiogcept maps and using the Creonto
“Intro Chemistry” software in the introductory chestny course. Students on the post-
survey were asked to indicate how many hours orageecach week they spent
completing homework assignments for the introdyctbremistry course by checking
only one option: 0-1 hour, 2-3 hours, 4-5 hoursnore than 5 hours.

Frequency analysis was conducted to determinartieint of time students

reported they needed to complete the homeworkrasggts in the introductory
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chemistry course. Table 20 shows the actual numib&udent reported hours they

needed to complete the homework assignments for gracip.

Table 23: Actual number of students reported hours spenssigaments

0-1 hour 2-3 hours 4-5 hours More than 5 hours
Control 16 42 4 2
Treatment 1 3 17 8 4
Treatment 2A | 18 66 13 6
Treatment 2B | 21 43 10 5

The results indicated that approximately 65% ofdbwetrol, 53% of the treatment 1, 64%
of the treatment 2A, and 54% of the treatment 2Rigs spent on average 2-3 hours
completing the homework assignments.

In order to determine any differences in the nundfdrours spent on assignments

mean scores (Table 21), univariate ANOVA was cotetiic

Table 24Hours spent on assignments mean scores

Control, Treatment 1, Treatment 2A, Treatment 2B,

n=64 n=32 n=103 n=79

M=1.875, M=2.406, SD=0.837] M=2.068, SD=0.731 M=1.987, SDH0.§
SD=0.655

The results indicated a statistically significarftestence of hours spent on assignments at
the p<0.05level for the treatment groups, F(2,231385, p=0.036, partial eta
squared=0.031. Due to the significant differenegveen the treatment groups’ hours
spent on assignments, univariate ANOVA using caicaefficients was analyzed to
compare the treatment groups’ reported hours spreassignments to the control group.
The results indicated a significant difference ofits spent on assignments at the p<0.05

level for the four groups, F(3,274)=3.751, p=0.0d4rtial eta squared=0.039. Post hoc
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comparisons using the Scheffe test condition indat#éat the mean score for the control
group (M=1.875, SD=0.655) was significantly diffetéhan the mean score for the
treatment 1 group (M=2.406, SD=0.837) with a meiffierénce ofA=-0.531. However,
both treatment 2 groups’ mean scores (M=2.068, SIB4) and (M=1.987, SD=0.809)
did not significantly differ from the control angeatment 1 groups. Figure 12 shows the

mean hours spent on assignments for the each group.

Hours Spent on Assignments Means
(=Y
(6]
1

control treatment 1 treatment 2A treatment 2B

Groups

Figure 12Mean hours spent on assignments comparison

Attitudes towards Creonto Software and Log-in Data

Students in both the treatment 2 groups were requo use the Creonto software
to assist them in composing their descriptive psasd to visually represent how
concepts were related to construct their concepism&ach student was able to log into
the Creonto software using their school’'s emailragisland ID that directly navigated
them to the “Intro Chemistry” ontology book locaiedhe Creonto software. In order to
determine students’ attitudes towards using th@@cesoftware, the post-survey

included items that assessed the students in keztitent 2 groups’ attitudes towards the
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software. The post-survey was administered tetatlents in the treatment 2 groups at
the end of the semester.

Due to there being only one treatment group wieal tke Creonto software,
frequency analysis was conducted to determinedhumbnumber of students’ reported
opinions towards their attitudes of the Creontdvgafe on the 5-point Likert scale
ranging from strongly disagree, disagree, neuaigtiee, to strongly agree. Frequency
distributions of n=103 students for the treatmehggBoup resulted in a mean of 3.379
and standard deviation of 1.238. Frequency digiobs of n=79 students for the
treatment 2B group resulted in a mean of 3.494samadard deviation of 1.048. The
following frequency Table 22 shows the actual nundfestudents’ reported opinions
towards their attitudes of the Creonto softwarasdl on the frequency results, the
majority of students in the treatment 2 groupsdateutrally to in agreement for using
the Creonto software in the introductory chemistyrse.

Table 25: Attitudes towards Creonto frequency table

Rating 1 2 3 4 5 Total
Treatment 2A Frequency 13 8 28 3D 19 103
Treatment 2B Frequency 4 7 28 26 14 79

Creonto “Intro Chemistry” Log-in: Frequency analysis was also conducted to
determine the actual number of students who loggedhe Creonto “Intro Chemistry”
software during the semester. Table 23 showsuh®oer of log-ins during the semester
for the months of September, October, November,Caawember.

Table 26: Creonto “Intro Chemistry” log-in data

September | October | November | December
Total log-ins 130 121 115 9
Treatment 2A 79 72 73 5
Treatment 2B 51 49 42 4
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The results indicated that over 70% and 50% oftbdents in treatment 2A and 2B
groups respectively logged into the Creonto “Ir@teemistry” software during the
months of September, October, and November. Thddg-ins for the month of

December was likely due to all assignments beimgpteted and it being the end of the

school term.
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CHAPTER 8
DISCUSSION, LIMTATIONS, CONTRIBUTIONS, AND FUTURE W ORK
Discussion
The purpose of this study was to compare the affefcstudents using alternative
learning aids (concept maps, ontology) to traddidearning aids used in an introductory
chemistry course. The goals were to (1) developreept exploration based learning
methodology using concept maps as study/learniolg for learning of chemistry
concepts, (2) develop an ontology-based interagtizorm in which relevant
information to a course can be sought, and (3) areadudent outcomes through the use
of examinations and surveys to assess changestatogaition and attitudes towards
chemistry. Additionally this study sought to examstudents’ attitudes towards creating
concept maps for learning and using the Creonttwd'I@hemistry” software in the
introductory chemistry course. This chapter redehe findings of this study and
discusses the research limitations.
Attitudes Towards Chemistry Results Discussion
Attitudes towards chemistry were measured usinggnd post- surveys
administered at the beginning and end of the senebt order to analyze the attitude
portion of the pre- and post-surveys, each groopan attitude scores were calculated.
These pre- and post- attitude mean scores werectimpared to obtain a mean

difference score to determine the students’ atittlitanges throughout a semester.
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In regards to answering the research questidéonw do students’ attitudes
change throughout a semester?"The results indicated that for students in thetrd
group, attitudes towards chemistry did not stat#ly significantly change throughout
the semester. The control group’s attitudes tosvahdmistry remained in the neutral
range from the beginning to end of the semestée seme results were also shown for
the treatment 1 and treatment 2 groups even wiltdimcept mapping and Creonto
software implementation into the course. The tmesit groups’ attitudes towards
chemistry did not statistically significantly chanthroughout the semester and remained
in the neutral range from the beginning to enchefdemester. These results reflect
trends that are in line with previous studies tiamate assessed students in a general
chemistry courses on their changes in attitudesutdsvscience over the semester for
non-science major students and resulted in prepastd surveys indicating no
significant differences in attitudes (Walczak & \Wwzdk, 2009). While in other studies
examining non-science major student attitudes tdgvahemistry pre-survey resulted in
higher ratings for anxiety and fear towards chemiahd on the post-survey a significant
decrease in ratings for anxiety and fear towar@srostry (Bauer, 2008). In order to gain
a better understanding of the factors that may laffeeted students’ attitudes towards
chemistry in the groups, it is imperative to invgate those students who experienced
large changes in attitudes towards chemistry frioenbeginning to end of the semester.
This would agree with Berg (2005) who states thatfhderstand attitude change, which
generally is a long-term process, it is informativenvestigate those students in whom

marked attitude change has occurred”.

128



In regards to answering the research questiéow do students’ attitudes
change from the interaction with the alternative larning aids (concept maps,
ontology) compared to other students?”The results indicated there was not a
statistically significant change in attitudes todsachemistry between the groups. Even
though the attitudes towards chemistry mean scarggest that the treatment 2 groups
with the concept mapping and Creonto “Intro Chemistoftware implementation into
the course rated their opinions towards chemisigitsy higher compared to the control
and treatment 1 groups, there was no statistisailyificant differences in the scores.
These results are supported in part by previoudiestun which students’ who were
nursing and other non-science majors attitudesrswehemistry did not statistically
change throughout the semester (Walczak & Walc2@89). It is also important to note
that although for students in the treatment 2 gspaftitudes towards chemistry were not
significantly different than the other groups, thesudents did report a slightly higher
attitude towards chemistry. These results supgber studies in which students who
used technology in conjunction with creating tlegincept maps compared to other
students had a higher motivation for success. alitieors stated that “the advantage of
this technique is the use of technology; it moegaie students and helps increase their
success” (Erdem, Yilmaz, & Ozyalcim, 2009).

Metacognitive Skills Results Discussion

Metacognitive skills were assessed using the pré-past- surveys administered
at the beginning and end of the semester for allgs. In order to analyze the
metacognitive portion of the pre- and post- suryegeh student’s mean metacognitive

skills scores were calculated. These pre- and postacognitive skills mean scores were
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then compared to obtain a mean difference scadetermine the students’ metacognitive
skills changes throughout a semester.

In regards to answering the research questdmat are the changes in
students’ metacognitive skills throughout a semest®’” The results indicated that
there were no significant differences in the praanegnitive skills means scores and
post-metacognitive skills mean scores for the abr@ind treatment 1 groups. However,
both treatment 2 groups experienced significarieddhces in their pre-metacognitive
skills and post-metacognitive skills mean scorElse results indicated that students in
the treatment 2 groups rated their pre-metacogngkills higher at the beginning of the
semester before the implementation of the conceppmg assignments while also using
the Creonto software. Alternatively by the endhef semester these same students rated
their post-metacognitive skills lower after the iepentation of the concept mapping
assignments while using the Creonto software.etglate that the combination of using
both tools (concept maps and the Creonto softwamefyibuted to the decrease in self-
reported metacognitive skills for the treatment@ugs. This may have arisen for
students in the treatment 2 groups becoming ovdmadeewith the requirement to use
both tools in the introductory chemistry courséniswould agree with Scott & Berman
(2013) who state that one aspect of metacognitiggests that students are less accurate
about their perceived metacognitive skills wherythecome overwhelmed in a course in
which they perceive as difficult. The results ghswtly agree with Isaacson & Fujita
(2006) who state that students overestimate thetnpetacognitive skills because they
“do not recognize the implication of different lésv®f learning and varying levels of task

difficulty”.
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In regards to answering the research questiwhat are the changes in
students’ metacognitive skills from the interactionwith the alternative learning aids
(concept maps, ontology) compared to other studerits The results indicated a
significant statistical difference between the tmegant groups’ metacognitive skills mean
scores with the treatment 2B metacognitive skiflsrdasing by the end of the semester
compared to the control, treatment 1, and treatr®@ntThe results suggest that students
in the treatment 2 groups did rate their metacogngkills slightly higher than the
control and treatment 1 groups at the beginninth@semester. By the end of the
semester, the results suggest that students irtlomlyeatment 2B group rated their
metacognitive skills statistically lower than thentrol, treatment 1, and treatment 2A
groups. There were no differences in post-metat@gmnmean scores between the
control, treatment 1, and treatment 2A groups. sélresults are supported in part by
Rahman, Jumani, Chaudry, Chisti, & Abbasi (2010pwbncluded that students who are
more aware of their metacognitive skills rate tiséitls higher while ones who are less
aware of their metacognitive skills rate them lawter stated previously, these results
may have occurred due to students overestimatig phe-metacognitive skills in the
beginning of their studies. If this is true, themalyzing students’ metacognitive skills
during the middle of the semester may give a bettght into factors that may have
affected these students’ metacognitive skillandty also be essential to measure the
students’ metacognitive skills separately for eaategory of metacognition (planning,
monitoring, and evaluating) in order to obtain #dreunderstanding of the students’
perceived metacognition. This may reveal whiclegaties of metacognition the

students improved or decreased on during the caifitbe study.
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Concept Mapping Assignments Results Discussion

Four concept mapping assignments based on theattqics: “Energy”,
“Electronegativity”, “Chemical Reactions”, and “Gheal Potential Energy” were
administered to students during each unit for teatinent 1 and treatment 2 groups. The
treatment 1 group was instructed to use any resswtchoice to complete their concept
maps using the list of key terms provided. Thattreent 2 groups were instructed to use
the Creonto software “Intro Chemistry” ontologyassist them in constructing their
concept maps using the list of key terms provided.

In regards to answering the research questidoyw does the interaction with
the alternative learning aids (concept maps, ontofyy) affect students’ ability to
explain connections between key concepts?The results suggest there was no
significant statistical difference in students’ldalas to use the keywords to construct
their concept maps for the assignments. This wasimexpected due to students being
instructed to use all terms provided to creater tb@ncept maps. However there was a
statistically significant difference in studentbiléies to explain connections between the
key concepts for the assignments. The resultsestigd that students in the treatment 2
groups were able to explain more connections facept maps 3 and 4. This supports
the results from the treatment 2 groups mean saod@sating use of more keywords to
construct their concept maps for assignments 3aerden though there were no
differences in keywords for assignments 1 and 2paoed to treatment 1. In other
words, the treatment 2 groups who used the Crédmite Chemistry” software to assist
them in constructing their concept maps were abkxplain more connections for those

assignments compared to the treatment 1 group wé resources of choices to create
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their concept maps. These results are in line othler studies in which students that
used computers to help them create their conceps mvare able to construct a greater
number of correct relationships between conceptgpened to students who created their
concept maps without the use of the comp(edem, Yilmaz, & Ozyalcim, 2009; Royer
& Royer, 2004). With the aid of computers in cregthese concept maps, the students
in the treatment 2 groups were able to visuallyesent how the chemistry concepts
were related which agrees with Erdogan (2009) wates that the aid of computers in
creating these concept maps may encourage studdsgsmore involved in their
learning process by facilitating visual thinking.
Attitudes Towards Concept Maps Results Discussion

Each student in the treatment 1 and both treat@gnbups were administered
survey items on the post-survey to assess thaii@ys towards constructing concept
maps in the introductory chemistry course. In rdgdo answering the research question:
“What are students’ attitudes towards creating conept maps in the chemistry
course?” The results indicated no statistically signifitdifferences in attitude towards
creating concept maps for treatment 1 and bothnvera 2 groups. The results suggest
that the students in the treatment 1 and bothniresait 2 groups had similar attitudes
towards creating concept maps in the chemistryssourhese results in part agree with
Royer & Royer (2004) in which students who createdcept maps without the use of
computers were still able to understand the cosdagiter, remember more things, find
relationships, and organize their thoughts. Whutehe students in the treatment 1 and
both treatment 2 groups’ attitudes towards creatorgcept maps in the chemistry course

remained neutral. | speculate that the results Inaag arisen from the students not fully
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understanding the full picture of why they wereatieg concept maps in the chemistry
course. This agrees in part with Pernaa & Aks20®8) whose participants stated that
“there were too much concept maps. | did not getthole picture”. It is interesting to
note as well that for the treatment 1 and bothtitneat 2 groups, 75% of the students did
rate their attitudes towards creating concepts nragiee chemistry course as neutral to
strongly agree. These findings suggest that atthdlhe mean attitudes towards creating
concept maps were neutral that students still haakdive trend towards concept
mapping in the chemistry course.
Examinations Comparison Results Discussion

Four examinations based around the central topitteeaconcept maps were
administered after each unit for all groups. Igarels to answer the research question,
“How does the interaction with alternative learningaids (concept maps, ontology)
affect students’ abilities to answer exam questiorsbout key concepts?” The results
indicated a statistically significant differenceween the groups’ exam 1 multiple choice
mean scores, with the control group scoring stedilty significantly lower than
treatment 2B. There were no statistically sigaificdifferences between the control and
treatment 1 and treatment 2A on exam 1. Whilexame3 multiple choice scores, the
treatment 1 group scored statistically signifidamter than treatment 2B. There were no
statistically significant differences between treahnt 2A and 2B on exam 3. The results
also revealed that there were no statisticallyiiant differences in exam 3 multiple
choice scores for the treatment 1 and treatmergradps. It was also noticed that all
groups’ exam multiple choice scores decreased bgnekhowever there were no

statistically significant differences between grougan scores.
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The results suggest that students in the treatthgrdups scored higher on exams
1 and 3 compared to students in the control aradrntrent 1 groups. This indicates that
students who created concept maps using the Crélomto Chemistry” software were
able to answer more exam questions correctly thamgtoups who did not create concept
maps or use computers to assist them in createigacbncept maps.

As for the short answer questions, the resultatdd that the treatment 2
groups’ ability to answer the short answer exanstjoes increased significantly between
all exams. The results agree with other studieshich students who used computers to
assist them in creating concept maps were ablatfgedorm students who created
traditional concept mapping without use of compassistance (Chou, Chen, & Dwyer,
2011; Erdem, Yilmaz, & Ozyalcim, 2009). In regards to all groups scoring lower on
exam 4, | speculate that since that exam was cereddhe final exam for the course
students may have become overwhelmed with othesedinal exams being taken
during the same time. Consistent with Markow & homg (1998) the construction of
concept maps may play an active role in studeegshing process by providing them
with a way to connect concepts and visually see th@se concepts relate to one another.
Time Completing Assignments Results Discussion

Additional information was gathered to determine &verage amount of time
spent by constructing concept maps using resowfogsoice and constructing concept
maps using the Creonto “Intro Chemistry” softwanenpared to completing quizzes for
homework assignments. The frequency results iteticghat approximately 65% of the
control, 53% of the treatment 1, 64% of the trean2&, and 54% of the treatment 2B

groups spent on average 2-3 hours completing theetvork assignments. However,
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there was a significant difference in hours spenassignments mean scores in which the
control group reported hours spent on assignmeasslower than the treatment 1 group.
There were no differences in hours spent on as®gtsifor both treatment 2 and the
control groups.

These results suggest that the treatment 1 gepgted spending more time on
average completing assignments. | speculate ¢la¢ntient 1 group which constructed
concept maps using resources of choice reportetisgemore time on assignments
every week due to the implementation of the stuthuaing during the summer
semester. These students may have felt that tréestime schedule during the summer
semester led to a higher workload, which resulte@porting that it took them longer to
complete assignments.

Attitudes towards Creonto Software Results Discussn

Both treatment 2 groups had access to use then@r8latro Chemistry” software
to assist them in constructing their concept magppssignments. In order to answer the
research questiofiWhat are students’ attitudes towards using the Crento
software?” The results indicated that the majority of stutden both treatment 2
groups rated neutrally and in agreement for udiegdreonto “Intro Chemistry” software
in the introductory chemistry course. In suppdrthe students’ attitudes towards using
the Creonto software, it was also imperative t@drine if the students in the treatment
2 groups actually used the software. The resntteated that over 70% and 50% of
students in treatment 2A and 2B groups respectiogiged into the Creonto “Intro
Chemistry” software during the semester. Thesaltesuggest that students in the

introductory chemistry course were willing to ube software in the course to complete
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assignments. While there are several studieseifitdrature on the use of ontologies, the
researcher is unaware of any that have exploredg@®f ontologies for chemistry
learning. Existing studies have been based oratitee reviews (Allert, Markkanen, &
Richter, 2006; Cassin, Eliot, Lesser, Rawlins, & Woolf, 2003; Fok & Shing, 2007;
Sosnovsky, 2009) or overview studies introducirgdhtologies without any noteworthy
results of its uséadivar & Lee, 2010; Chu, Lee, & Tsai, 2011). While these studies
have included the benefits of using ontologiesctassroom learning, it does not address
the effects of ontologies for science related aesirsThis study, however, was able to
analyze students’ attitudes towards using a dosgecific “chemistry” ontology,
measure student’s abilities to complete assignmesitg) the ontology, determine
changes in metacognitive skills and answer exarstoues about key concepts in an
introductory chemistry course. This study agreel e, Peng, Mao, and Wu (2010)
that e-learning technology with the use of ontaésgnay enhance students’ learning
performance and become an extension to traditios&uctional methods.
Limitations of Study

Although the purpose of this study was to complaeeeffects of students using
alternative learning aids (concept maps, ontoldgyjaditional learning aids used in an
introductory chemistry course, there are limitasiah the study that need to be
addressed. The first limitation was the respoage rThis was a limitation because data
analysis was only obtained from students in thedictory chemistry course who
completed the pre- and post- surveys. Therefoidesits who completed only one survey
(either the pre- or post- survey) were eliminated the study even if they had

completed homework assignments and exams. Aldeci@ase in the response rate was

137



due to the result of students dropping or withdregifrom the course.

Another limitation deals with selection bias. Srhe study focuses on a quasi-
experimental approach which involves participamsifan undergraduate introductory
chemistry course, the students in each course widyenequivalent and represent other
students in other settings. In order to minimlze eéffects of a quasi-experimental
approach, students would need to be randomly assigio groups. However, in
educational settings, the ability to assign stusleadomly may not be applicable which
causes selection-bias. Therefore in this studyes® not able to control participants’
age, majors, gender, race, retention, collegeititzgson, or other factors that may have
affected the results in the study. Another optiominimizing the effects of a quasi-
experimental approach is to evaluate participaintiseabeginning of the study through
equivalency measurements. In this study, the graquivalency was measured from
their pre-calculus scores to determine statisyiaadl differences existed between the
groups at the beginning of the study. Therefosetdan the equivalency measurements,
the learning outcomes of the study were attribtetie learning aids provided to the
treatment groups.

Additionally, since concept mapping was integraischomework assignments
and not as an integral teaching method in the epgmme students may have felt the
purpose of concept mapping to be irrelevant inenahtry course. In this study, students
were neutral concerning their attitudes of consingcconcept maps in the introductory
chemistry course. It was also observed from timeept mapping workshops that
students had a lack of prior exposure to concejpiping and constructing them for

learning. Since students only used concept mapming few homework assignments, it
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may be beneficial to incorporate general maps kedach unit of learning to allow
students to become more familiar with the imporéaoicconcept mapping in the course.
Instructors presenting general maps before eadhrutiie introductory chemistry course
may give students a better sense of ways to orgdheir course materials and see the
bigger picture of chemistry concepts for their teag.

Another limitation was the log-in tool incorporatido the Creonto software.
The log-in tool only recorded a time stamp of wiaestudent logged into the system.
This time stamp did not affect results of this gtbdt for future references it may be of
benefit to instructors to also have a log-in systieat recorded how long a student
actually used the system. Also the “related keylsbtag cloud required the related
keywords to be manually resized to reflect thedipds in the master concept maps for
each chapter. It would be beneficial for futunedéts to have the “related keywords” tag
clouds to automatically generate and resize basdteorelevancy to the central terms
that are reflected in the linkages of the mastecept maps for each chapter.

Finally, using a closed-ended survey questionnaiggobe students’ attitudes
towards chemistry, metacognitive skills, attituti®sards creating concept maps, and
attitudes towards using the Creonto “Intro Chemgistoftware may have been another
limitation. An open-ended survey or interviews nm@ye given further explanations of
the results for this study and this may be condlctduture studies.

Contributions

This research study accomplished the following gjoB) to develop a concept

exploration based learning methodology using conegps as study/learning tools for

learning chemistry concepts, 2) to develop an ogipbased interactive platform in
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which relevant information to a course can be stuayid 3) to measure student
outcomes through the use of examinations, homeasslgnments, and surveys to assess
changes in exam scores, metacognition, attitudeartts chemistry, concept maps, and
the ontology. This study was a quantitative stddgign with a control and two
experimental groups and involved incorporating aspef chemistry, engineering, and
education for the purpose of technological advamsgmand education related to
chemistry.

The first step in developing the concept explorabased learning methodology
curriculum included the incorporation of the cortceyap workshop’s curriculum to
introduce students to the importance of relatigmshietween concepts in the chemistry
course. This workshop allowed students to becamsliar with the idea of thinking
about how concepts are related and the purposaviridnthese metacognitive skills in an
introductory chemistry course. Additionally, coptenapping was introduced into the
current chemistry curriculum which was not a congaurin the course before the study.
This study also indicated that concept mappingwelsreceived as homework
assignments in the introductory chemistry courskraay foster learning and become an
integral part of traditional teaching methods.

Secondly, an ontology was developed from the Cresattware which included
the development of a course specific ontology ptatfcalled “Intro Chemistry”. This
Creonto software supplied an authoring tool in \WwHigvas able to develop the “Intro
Chemistry” web-based tool. The authoring tool\ador instructors to create course
specific learning materials that include descripgiof concepts, images, web-links,

videos, and a tag-cloud with related concepts.ofthese learning materials can be
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edited to suit the instructors’ and courses’ needs.

Finally, the study involved the creation of assessts including the surveys and
concept map grading rubrics. The grading rubris developed to score students’
concept maps. In order to ensure that the gradibgc was reliable, inter-rater
reliability was performed before being implemenésda measure to score concept maps.
The grading rubric consisted of two sections: kegls@and connections. Each concept
map was worth possible score of 8 points. Pre-pmst surveys were also developed to
measure students’ attitudes towards chemistry agtdaognitive skills. Post-surveys
were also developed for the treatment groups toidiecsections to measure students’
attitudes towards constructing concept maps anjube Creonto “Intro Chemistry”
software in the introductory chemistry course. flfveys went through validity and
reliability testing before being implemented inb@ tcourse. All test measures proved to
be reliable instruments for assessments for thidyst

This study was able to fill a gap in the literatorethe use of ontologies for e-
learning in the sciences. As evidence from theiptes literature ontologies for e-
learning have been utilized in disciplines sucle@sputer science but are limited for the
use in the sciences. Therefore, this study wastabhddd to the knowledge base of
existing literature to promote this alternativerfeag aid in science education. The
ontology would also provide an alternative meangrgénizing and sharing course
materials for several disciplines that can be us®dnly by students, but tutors and
teachers as well. This study also expanded the/legige on the use of concept mapping
and computers in chemistry as a study/learningdadlidentified further research

possibilities that may pinpoint ways to improveds&nts’ attitudes towards chemistry,
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conceptual understanding of chemical conceptsnagtdcognitive skills.

This study’s significant contribution lies on thect that there are limited studies
which focus on the use of ontologies for learnimghie sciences especially for chemistry
education. Also, most of the studies on the ussntept mapping in chemistry are used
to assess students and not used as an integraif plaet curriculum. This research will
hopefully add to the knowledge base on the usewéept mapping and technology in
chemistry courses and promote the use of altem&arning aids for students.

Future Work

This research study was able to introduce a coreggoration based teaching
methodology using concept maps and a chemistryagytahat was not present within
the introductory chemistry curriculum before thisdy. It accomplished its goals of
examining the effects of these alternative lear@igg on student learning outcomes,
however, there is a need for more investigationtherfactors they may have influenced
these changes.

In future studies the ability to use open-endedeys, focus groups, or interviews
to gauge student’s attitudes towards chemistrgtorg concept maps, and use of the
Creonto “Intro Chemistry” software may give a beinhsight into factors that may affect
students in the course. By obtaining qualitatimeadrom students, it may assist in
identifying reasons students rated their opiniona specific manner. This type of
analysis incorporated with a quantitative approaohld allow for a deeper insight into
the students’ way of thinking.

The Creonto software is also a tool that may bdezetl to assist instructors in

creating numerous learning materials to suit varicaurses such as engineering, biology,

142



physics, computer science, and much more. WitlCtieento software, instructors may
have the ability to control the direct informatineeded to ensure learning for their
students by also incorporating their own PowerP@aching slides as well into the
software. The system may also allow instructorsaee a more domain-specific
teaching platform that caters to the needs of stenlents. With the incorporation of the
proper log-in system to record not only when stislérg into the software but also for
how long, this may give instructors a better insigho monitoring students’ progress in
the course.

Additionally researchers and educators interestemncept mapping should not
only focus on incorporating concept mapping asssessment tool, but also as an
integral resource in the curriculum. Previous ssidh the literature focus on
incorporating concept mapping as assessment moitsculum development, teacher
aids, or study/learning tools. This study involtkd incorporation of concept maps only
for homework assignments in the course. In fustwéies, students may be more
acceptable to creating concept maps in chemisthelf were also incorporated as an
integral resource in the curriculum. | speculagg this may be done by instructors
introducing general maps before each unit to shoewvarview of how chemistry
concepts may be arranged and related to other ptsbefore assigning more specific
concept maps for homework assignments. This appnoey assist students to become
more familiar with the importance of concept majyimthe chemistry course.
Additionally, it may also give instructors and edtars a better insight into the benefits
of using concept mapping in the curriculum. Fumhere evaluation of the use of

concept mapping and ontology systems over a lopgreod of time may also give
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educators a more in-depth understanding of therdadgas of using these alternative

learning tools in the educational system.
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Student Pre-Survey

Please read the following statements carefully anddicate your level of agreement
by placing a check mark in the appropriate box. Alresponses will be kept
confidential.

Statement

Strongly
Disagree

Disagree

Neutral

Agree

Strongly
Agree

Attitude

| am interested in learning
chemistry

| am confident that | can
understand chemistry concepts.

I am confident in my ability to
solve chemistry problems in this
course.

Chemistry understanding is
necessary for me to reach my
career goals.

Statement

Strongly
Disagree

Disagree

Neutral

Agree

Strongly
Agree

Metacognitive Skills

I know | understand concepts
when | can see how they relate tg
one another.

Before solving a problem, | make
a plan (steps) on how to solve it.

When solving problems, | check
my work before submitting it.

The ability to connect new
concepts with prior knowledge is
a challenge for me.

If | don’t understand how to
answer a problem, | use conceptg
I do understand to guess at the
best way to proceed.

| try to visualize a problem
before attempting to solve it.

When | have difficulty
understanding a problem, | skip
it.

Checking my work on
assignments is unproductive.

When learning chemistry
memorizing the concepts is all |
need to know.

For me, the ability to organize
concepts is important for
problem solving.

When | don’t understand a
concept, | try to connect it to

concepts | already know.
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Student Post-Survey

Please read the following statements carefully anddicate your level of agreement
by placing a check mark in the appropriate box. Alresponses will be kept

confidential.

Statement

Strongly
Disagree

Disagree

Neutral

Agree

Strongly
Agree

Attitude

| am interested in learning chemistry

| am confident that | can understand
chemistry concepts.

| am confident in my ability to solve
chemistry problems in this course.

Chemistry understanding is
necessary for me to reach my career
goals.

Statement

Strongly
Disagree

Disagree

Neutral

Agree

Strongly
Agree

Metacognitive Skills

| know | understand concepts when |
can see how they relate to one
another.

Before solving a problem, | make a
plan (steps) on how to solve it.

When solving problems, | check my
work before submitting it.

The ability to connect new concepts
with prior knowledge is a challenge
for me.

If I don’t understand how to answer
a problem, | use concepts | do
understand to guess at the best way
to proceed.

| try to visualize a problem before
attempting to solve it.

When | have difficulty understanding
a problem, | skip it.

Checking my work on assignments is
unproductive.

When learning chemistry
memorizing the concepts is all | need
to know.

For me, the ability to organize
concepts is important for problem
solving.

When | don’t understand a concept, |
try to connect it to concepts | already
know.
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On average, how many hours each week have you spemieting homework

assignments (quizzes, concept maps) for this cBurse

Check only one:
[ ]0-1 hour
[ ]2-3 hours
[ ] 4-5 hours
[ ]5 or more hours

(Additional section of post-survey administeredremtment 1 and treatment 2)

Statement

Strongly
Disagree

Disagree

Neutral

Agree

Strongly
Agree

Learning Resource Items

I have used concept mapping to help
organize course concepts

I am confident in my ability to
construct concept maps for learning

Concept mapping has helped me to
see links between concepts

Concept mapping is helpful because
it shows me what | know and what |
need to learn

(Additional section of post-survey administeredreatment 2)

Statement

Strongly
Disagree

Disagree

Neutral

Agree

Strongly
Agree

Learning Resource Items

The Creonto software helped me to
better understand the concepts
taught in this course

The Creonto software was beneficial
to my learning in this course
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APPENDIX B
EXAMS
CH 105-Exam 1
Choose the one best answer for each multiple-choigeestion.

1) Which of the following is an exothermic process?
A. Melting B. boiling C. sublimation D. condensation E.
evaporation

2) What unit correctly completes the statement: 21345423400
A. m B.cm C. Mm D.dm E. mm

3) What is the Sl unit of temperature?
A. Joules B. calories  C. Kelvin D. degrees Celsius ddgrees
Fahrenheit

4) What characteristic differs between isotopes?
the number of protons in each

the number of neutrons in each

their melting points

their electron configurations

their placement on the periodic table

moowz>

5) When expressed in scientific notation, a large hegaumber would have
A. a negative coefficient and a positive exponent

B. a positive coefficient and a negative exponent

C. a negative base and a positive exponent

D. a positive coefficient and a positive base

E

. a negative coefficient and a negative base

Using complete sentences and proper grammar, answeach of the questions below.
A) Nickel has a larger specific heat than titaniufthé same amount of heat energy

is added to equal masses of nickel and titaniuntirsggat the same temperature,
how would their final temperatures differ, and why
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B) The temperature of nickel is recorded in degredsi@ebefore and after the heat

is added, If the temperature was measured in Kahgtead, how would the
temperature change differ, and why?

C) What can you say about the heat energy neededdiinmnickel and titanium

from the data presented? What additional infornmatiioany, would need to be
given?

CH 105-Exam 2

Choose the one best answer for each multiple-choigeestion.

1)

2)

3)

4)

5)

What is the chemical symbol for an element withpgdtons, 27 neutrons, and 23

electrons?

A. Mn* B. Co” C. Mn* D. V** E. C&

Which of the following is a monoatomic anion?

A. silver (I) ion B. nitrate ion C. lithiunon
D. sulfite ion E. oxide ion

Why does neon not tend to form bonds with othemelas?

A. neon does not need to share electrons to sayishe octet rule

B. neon has a very high electronegativity, sogeléctrons so strongly it won'’t
form bonds

C. neon only exists as homodiatomic molecule

D. neon has a very low ionization energy, so gagiles up electrons to other
elements

E. neon only exists as a gas, so it won't geteckrsough to other atoms to form
bonds

What is the name for the compound with the cheniarahula Sik; ?
A. silver (1) fluoride B. silicon difluoride C. silver difluoride
D. silicon (II) fluoride E. silver (1) fluade

What would be the molecular geometry of the compawpresented here?
A. Square planar

B. B. linear KT EERY,
C. C. trigonal planar X=X,
D. bent
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E. tetrahedral

6) How many electrons would be expected to be in bamdsmolecule of carbon
monoxide?

A. zero B. two C. four D. six E.
eight

Using complete sentences and proper grammar, answeach of the questions below.
You are studying with your friend Fred for your ofistry exam, and Fred states,
“Chlorine has electronegativity value of 3.0, sinlcat is greater than 1.8, it will always
form an ionic compound.”

1) What part of Fred’s statements is correct?

2) What part of Fred’s statement is incorrect, and why

3) Will chlorine ever form a pure covalent compound®lgin why or why not.

CH 105-Exam 3

Choose the one best answer for each multiple-choigeestion.

1) When following a chemical formula, what does (a@am?
A. The substance is dissolved in water
B. The substance is unstable, and likely to go thrdugher reactions
C. The substance is an ionic compound
D. The substance has gained or lost electrons inctioea
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E. The substance is in multiple states of matter
2) How many moles of C@are present in a sample containing 38.08 gramsaof t

substance?
A. 0.74 moles B. 0.87 moles C. 1.16 moles
D. 1.27 moles E. 1.36 moles

3) What does the subscript communicate about the conthim Se@?
the mass ratio of selenium to oxygen is 1:2

the atom ratio of selenium to oxygen is 1:2

the proton ratio of selenium to oxygen is 1:2

the density ratio of selenium to oxygen is 1:2

the charge ratio of selenium to oxygen is 1:2

moow>»

4) Two identical cylinders are held at the same tewaipee, one containing 100
grams of oxygen and the other containing 100 gmainhelium. Which of the
following statements and explanations is true afoeicomparative pressure in
these cylinders?

A. 100 grams of oxygen will have a greater presshan 100 grams of helium,
because the particles have more mass

B. 100 grams of oxygen will have a greater pressioan 100 grams of helium,
because there are two atoms of oxygen in an oxygeecule, and helium atoms
are monoatomic.

C. 100 grams of helium will have a greater presser because there are more
gas particles in that cylinder

D. 100 grams of helium will have a greater presshecause the particles have
more kinetic energy

E. The two cylinders will have the same pressbeeause they have the same
amount of gases

5) How many molecules are present in 0.081 molesOiS

A. 2.4 x 16° molecules B. 3.7 x ¥ molecules C. 4.9 x 16
molecules D. 6.3 x 10 molecules E. 8.1x1b
molecules

6) What is the coefficient in front of the producttive reaction shown here?
_ A(s)+ ___ Bs(@) > ____ ABg(s)

A1l B. 2 C. 3 D. 4 E. 5

Using complete sentences and proper grammar, answeach of the questions below.
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Compare a single-replacement reaction with a derggacement reaction. Explain how
these types of reactions are similar to one another

Contrast a single-replacement reaction with a dasudblacement reaction. Explain how
these types of reactions are different from onetaero

One of these types of reactions is usually a redagtion, while the other one is usually
not. Identify which reaction has each of theseattaristics, and explain why that is the

case.

CH 105-Exam 4

Choose the one best answer for each multiple-choigeestion.

1)

2)

3)

A compound is dissolved in pure water to form aisoh. After the compound dissolves
fully, cations, anions, and molecules all existalsite particles. Which of the following
best describes this compound?
A. weak electrolyte B. base C. nonelectrolyte

D. indicator E. strong electrolyte

A solution of HBr with a volume of 230 mL is titexd with a 1.32 M NaOH solution. If
the equivalence point is reached after the addafd3® mL of the basic solution, what
was the concentration of the HBr solution?

A. 0.051 M B. 0.22M C. 041 M D. 0.78 M E. 45M

Which of the following is not a property of a base?
turns litmus blue

neutralizes acids

tastes sour

forms a precipitate with Zhions

has a slippery feel

moowp
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4) Which of the following changesould notshift the equilibrium of the reaction shown to
the right?
heat + (s) + HO(g) < CO(9) + H:(9)

increasing the pressure in the container

increasing the amount of water vapor in theta@ioer
decreasing the amount of carbon monoxide ircomainer
warming up the reaction mixture

decreasing the amount of hydrogen in the coetai

moow>

5) A dental amalgam, sometimes used for fillings, amogeneous mixture of 14%
tin, 8% copper, 32% silver, and 54% mercury. Wahe term that best
describes mercury in this mixture?

A. solution B. solvent C. colloid D. binder E. solute

For each of the following statements, tell whetheit is true or false. If false, use
complete sentences and proper grammar to explain val parts of the statement
make it false, and why.

1) In an exothermic reaction, the reactants haNy @otential energy, and the products
have only kinetic energy.

2) In areversible reaction, the activation enasggrger in the endothermic direction
than the exothermic direction.

3) Catalysts increase the rate of a chemicaligabty decreasing its heat of reaction.
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APPENDIX C

CONCEPT MAP WORKSHOP HANDOUTS

What is a Concept Map?

A concept map is a graphical representation tobktp students visually organize key
concepts, their relationships and connections adooipic.

It includes concept terms (provided from the liskey concept terms), one-way arrows
(which connect two concept terms), and descrigiiveses (meaningful phrases to show
relationship between a pair of concepts).

Purpose of Concept Mapping

In this course you will learn chemistry facts, ch&ny concepts, and how these concepts
relate to one another. Concept mapping assignmeihtse used as a way for you to
illustrate how these concepts learned during theeséer are related.

Steps to Creating a Concept Map

Step 1:Begin with the general topic at the top or cenfehe map in a single oval
*The general topic will be provided to you

Step 2:Connect the general topic to relevant concepts ane-way arrows using the list
of key concept terms provided

Step 3:Continue to connect concepts with arrows and iflentinnections between them
until you have used all key concept terms provided

Step 4:Use all and only the terms in the list of key cqrtseprovided to create your
concept map

Step 5: Use a concept term only once when creating your map

Step 6:Write descriptive phrases above all arrows betwestepts to show
relationships among them
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Example Concept Map

_ Family § ]
Pl Pt e
typically

considered a consideredﬁg a great

_populartype of Iar

d

movie about a

sells products

fcranlm‘a\lls& can be i_,.,-’“/ Marley
m purchased at a & Me

Descriptive phrases:
Descriptive phrases should represent a meaningtutamplete relationship

between two relevant concepts and show a clearstaaeling of the relationships
among them.

A good example of how a descriptive phrase shoulcebrepresented in your concept
map is below:

* Meaningful and complete descriptive phrase example

can be

fiog purchased at a | Pet store

The following examples below show a lack of undemshding of the relationships
between the two concepts and should be avoided whereating your concept maps:

» Correct but general descriptive phrase example

is

Dog |——M| Family Pet
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» Partially correct but incomplete descriptive phrasample

are numbersin
Fractions Algebra

» Incorrect descriptive phrase example

breathe under

water using their _
Fish Fins

Concept Map Grading Rubric
Possible Total Points of 8

Concepts and Terminology

4 points Uses all and only the terms (100%) pravidethe list of key concepts to
create concept map

3 points Uses a majority of the terms (99-75%) mted in the list of key concepts
to create concept map

2 points Uses some of the terms (74-50%) providetie list of key concepts to
create concept map

1 point Uses only a few of the terms (49-1%) predidh the list of key concepts
to create concept map

0 points Fails to use terms (0%) provided in teedi key concepts to create

concept map

Knowledge of the Relationships among Concepts

4 points for each

3 points for each

2 points for each

1 point for each

0 points for each

Meaningful and complete descriptive phrase betwekavant
concepts and shows a clear understanding of thBames$hips
among them

Correct but general descriptive phrase betweenagteconcepts
and shows a good understanding of the relationgimpsng them
Partially correct but incomplete descriptive phraseveen
relevant concepts and shows a few misunderstandinte
relationships among them

Incorrect/Irrelevant descriptive phrase betweeewvaaht concepts
and shows a lack of understanding of the relatigssiimong them
Linkage with no descriptive phrases between coscept
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Knowledge of the Relationships among Concepts Scog

Meaningful and Complete Phrases X@4)=___
Correct but General Phrases X (3) =
Partially Correct but Incomplete Phrases 2(
Incorrect Phrase X (1) =
No Phrase X (0) =

Total Score =

» The total possible points for the knowledge ofdlationships among concepts
section will be (4) times the number of meaningitl complete descriptive
phrases identified by the instructor on the masiap.

* However, since each map will not have the same eumidescriptive phrases,
the final score possible for this section will mneerted to a 1-4 scale with a
maximum score of 4 points total for this section.

For example, if the master map includes 6 meaniragfd complete descriptive phrases,
the maximum total score would be 24 points (6 megial phrases X 4) for this section.
If a student total score for the section is:

Meaningful and Complete Phrases _ 2X((4)=8
Correct but General Phrases _ 1X@®)=3
Partially Correct but Incomplete Phrases_ 3 X () =
Incorrect/Irrelevant Phrase _0X@-=o0
No Phrase _0X(0)=0

Total Score = 17 points

The student’s total score is 17 points for dessgpphrases out of a total possible points
of 24. By dividing 17/24 = .708333333 and multiply that by the maximum scale total
of 4 (.70833333 X 4) = 2.83333 points. The student’s score for that sectidhlvei 3
points.
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Concept Mapping Workshop Assignment

Instructions: As a group construct a concept map on a sepdragt ef paper showing
how the terms listed below are related. Your majukhbe constructed around the

central concept=lower

Concept Term List:

Flower
Rose
Fragrance
Love
Florist
Feeling

*Check for the following after constructing your map:

v
v

v
v

Your names are included on the top of your map

You have included all and only the terms providedn the list above to create
your map

All lines connecting your concepts are one-way arkes

You have included descriptive phrases on all one-warrows connecting
your concepts

Your map shows what you know about the central to: Flower
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APPENDIX D
CREONTO “INTRO CHEMISTRY” INSTRUCTIONAL SHEET

Instructional Sheet for using Creonto Software

In this course, concept mapping assignments willdezl as a way for you to illustrate
how chemistry concepts learned during the semasterelated. The Creonto software
will be used as a supplementary learning tool tp fieu as a student visually see how
these chemistry concepts are related to one another

You will be using this Creonto “Intro Chemistry”’fepare as a tool to assist you in
creating these concept mapping assignments.

1) Use the following link to access the Creontdwsafe:
http://books.creonto.com/login_uab.php

2) You will then be brought to the following webgag

Password

Email
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3) Login using youtJAB email andBanner ID/BO0 number as password

4) After opening the “Intro Chemistry” book, youllxsee the table of content list with
key concepts, chapter list icon, settings iconasdarch box at the top of the page.

Chapter list icon Settin
d >
@ Creonto \ := @
Search box =
Celsius Conversion factor Conversion of units
Density Dimensional analysis Gram
International System of Units Length Litre
Mass Metre Metric system
Scientific notation Second Significant fisures
Specific gravity Units of measurement Volume

-

All about Energy

All About Matter

-

The Elements

-

The Atom

-

Compounds and Chemical Bonding

-

Chemical Equations and Chemical Reactions

-

Those Gas Laws

-

-

Properties of Solutions

-

Energy and Chemical Equilibrium in Chemical Reactions

Acids and Bases

-

5) To find key concepts, type the key term intogbarch box or click on the key term in
the table of content list.

Using the table of content list to find key terms:

For example, if you are looking for the key ternate of matter”:

* Click “All About Matter” chapter in the table of atent list. A list of key terms
for that chapter will appear. Then click on theatstof matter” key term. You
will then be directed to a page with descriptiangges, videos, external links,
and related concepts for “state of matter”. Alse plowerpoint notes for the
course is located at the top of the page for refere
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All About Matter

PowerPoint notes icon e =

State of matter

States of matter ave the distinet forms that different phases of matter take on. Solid, liquid and gas are the most common states of matter on
Earth, Historically, the distinction is made based on qualitative differences in bulk properties. Solid is the state in which matter maintains a
Chemical compound fived volume and shape; liquid is the state in which matter maintains a fived volume but adapts to the shape of ts container; and gasis the
state in which matter expands to occupy whatever volume i available.

Chemical change:

Chemical element

Chemical property

| NP
Chemical substance ¢ ¢}
0 Q
Energy L 7 ! v
Enthalpy of fusion L @ i Q @
Enthalpy of vaporization - T
0. @ 0
Gas
Homageneity and heterogeneity
External Content:
Liquid
1. State of matter - Wikipadia tne fize encyclopedia
Matter
Melting point
(it Related Concepts for State of matter
Physical change
Physcel propety Chemical compound  Chemical ekment  Chemical property Chemical
s substance Energy Enthalpy of fusion Enthalpy of

State of matter

vaporization Gas Homogeneity and heterogeneity qumd Matter
Melting point Misture Physical change Physical property Solid

Sublimation

Videos, external links, and the powerpoint note$ stiow up in another tab. To navigate
back to the book, click on the Creonto-Intro Chergitab in your web browser.

6) In the related concepts box, the larger the epnthe more related the concept is to the
term. The smaller the concept represents thasialemaller relationship to the term.

Related Concepts for State of matter

Chemical compound Chemical element Chemical property Chemical
substance Energy Enthalpy of fusion Enthalpy of
Vaporization Gas Homogeneity and heterogeneity LI(]UId Matter
Melting point Mixture Physical change Physical property Solid
Videos, external links, and the PowerPoint notdsshibw up in another tab. To navigate

back to the book, click on the Creonto-Intro Chergitsab at the top of the browser
window.

6) In the related concepts box, the larger the fdw,mhore closely related the

concept is o the term that the page is currentlyme smaller fonts represent
that the concepts have a more distant relatiortshipem.
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Related Concepts for State of matter

Chemical compound Chemical element Chemical property Chemical
substance Energy Enthalpy of fusion Enthalpy of
Vaporization Gas Homogeneity and heterogeneity LI(]UId Matter
Melting point Mixture Physical change Physical property Solid

Using the search box to find key terms:
For example, if you are looking for the key ternate of matter”:
« Type “state of matter” into the search box. Clicktbe “state of matter” term.
You will be directed to the same page shown above.

7) Log-out of Creonto software by clicking on thettegs icon at the top of the page and
click “log out”.

6} Creonto
Click “Logout” B
State of matter

States of matter are the distinet forms that different phases of matter take on. States of matte! day life in the forms
of solid, liguid, and gas. Energy can be reflected in states of matter by the motion of particles. ent is extremely slow
while liquid particles move at a moderate pace. A gas particle as well has movement at an extremely fast pace. The energetic's of particle
movements are one example of distinct characteristics between the sates of matter. States of matter can also change between different
phases by the addition or loss of heat measured by temperature.

&
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APPENDIX E
EXPERT PANEL VALIDITY & RELIABILITY INSTRUCTIONS

Information and Instructions for Expert Review Pand
Qualitative Review

The purpose of this survey instrument is to maragtanges in students' opinions
about their metacognitive skills and attitudes tav@hemistry and the sciences over the
course term. Additionally the surveys will be use@dssess how standard assignments
and regular classroom activities impact studenigiions about chemistry. The survey
will be administered to students enrolled in thieaductory chemistry course at the
beginning and end of the semester.

The instrument contains 38 statements on a 5-hdett scale and is divided
into three categories: attitude, metacognitivelskand learning process. Attitudes
towards the sciences statements are related terggigbositive or negative feelings and
their perceived self-efficacy about science. Theawognitive skills statements are
related to students’ planning, monitoring, and eatihg skills in learning and
completing assignments. While the learning prosésements are related to standard
assignments and regular classroom activities.

Specifically, the statements under the metacogngection are divided into three
categories of metacognition which are planning, moeoimg, and evaluation. The
planning statements are intended to probe studergahizational skills. The monitoring
and evaluating statements are intended to proloestsi awareness of their own learning
and assessment skills. The statements undertituglatsection are divided into two
categories: self-efficacy about science and cheynastd perceived usefulness of
chemistry in particular. The self-efficacy stateriseare intended to probe students’
perceived confidence and ability to do sciencedramistry. The applicability section is
intended to probe students’ perceived usefulnessiefice not only in academia settings
but to real world scenarios as well. Finally, ks@ning process statements are intended
to probe students’ opinions about standard assigtevad regular classroom activities
such as concept maps and computer activities.

You are being asked for the qualitative reviewravide feedback regarding the

directions, instrument items, and overall instrumdplease feel free to write your
comments in the textboxes provided or use additipaper as needed.
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Directions

» Are the directions for the survey instrument coe@if no, please explain.

» Are the directions for the survey instrument cldar, please explain.

» Are the directions for the survey instrument cortg®df no, please explain.
Instrument Items

* Are the items appropriate? If no, please explain.

* Are the items clear? If no, please explain.

* Would you revise any item? If yes, please explain.

* Would you recommend deleting an item(s)? If yesapé explain.

» Do you recommend adding additional items? If yésage explain.

» Additional comments?

Information and Instructions for Expert Review Pand
Quantitative Review

The purpose of this survey instrument is to margtanges in students' opinions
about their metacognitive skills and attitudes tah@hemistry and the sciences over the
course term. Additionally the surveys will be use@ssess how standard assignments
and regular classroom activities impact studemgiions about science and chemistry in
particular. The survey will be administered todgtats enrolled in the introductory
chemistry course at the beginning and end of theester.

The instrument contains 36 statements on a 5-hdett scale and is divided
into three categories: attitude, metacognitivelskand learning process. Attitudes
towards chemistry statements are related to stadeositive or negative feelings and
their perceived self-efficacy about chemistry. Tietacognitive skills statements are
related to students’ planning, monitoring, and eatihg skills in learning and
completing assignments. While the learning prostesements are related to standard
assignments and regular classroom activities erteceschin the introductory chemistry
course.

Specifically, the statements under the metacogngection are divided into three
categories of metacognition which are planning, moeoimg, and evaluation. The
planning statements are intended to probe studergahizational skills. The monitoring
and evaluating statements are intended to proloestsi awareness of their own learning
and assessment skills. The statements undertituglatsection are divided into two
categories: self-efficacy about chemistry and geeckusefulness of chemistry in
particular. The self-efficacy statements are ideghto probe students’ perceived
confidence and ability to do chemistry. The apgiility section is intended to probe
students’ perceived usefulness of chemistry not omnacademia settings but to real
world scenarios as well. Finally, the learningqa®s statements are intended to probe
students’ opinions about standard assignmentseapudar classroom activities such as
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lectures, instructional/study notes, concept mapd,computer activities encountered in
the introductory chemistry course.

You are being asked for the quantitative revieacpss to rate how essential each
item is for monitoring changes in students’ opisi@bout their metacognitive skills,
attitudes towards chemistry, and learning resounges the course term.

Directions

Please rate each item as essential, useful b&ssential, or not necessary based on the
item’s ability in monitoring changes in studentstacognitive skills and attitudes
towards chemistry. Additionally, please provide iiddal comments in the text boxes
provided.
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APPENDIX F

CONCEPT MAPPING ASSIGNMENTS

Concept Mapping Assignment #1
Due Date: (at the beginning of class)

(Instructions for Treatment 1 group)

Instructions: Construct a concept map on a separate sheet edpiepaper showing
how the terms listed below are related. Pleastewdur name on the top of the paper
used to construct your concept map to receive tcfedihis assignment. Your map

should be constructed around the central conéapergy

(Instructions for Treatment 2 groups)

Instructions: Construct a concept map on a separate sheet td/edpy paper using the
Creonto software as an assistance tool to showtheverms listed below are related.
Please write your name on the top of the paper tesednstruct your concept map to
receive credit for this assignment. Your map shd@aonstructed around the central

conceptEnergy

Concept Term List:

* Energy *Check for the following after constructing your

 Work map:

e Heat v" Your name is included on the top of your

» Specific Heat map

« Temperature v" You have included all and only the terms

e Celsius provided in the list above to create your

« Fahrenheit map _

«  Kelvin v" All lines connecting your concepts have an

. At arrow

. 322: g; \F/Slsi(())rrllzatlon v" You have included_ descriptive phrases on

. Melting Point all arrows connecting your concepts

. States of Matter v" Your map _shows what you know about the
central topic: Energy
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Concept Mapping Assignment #2
Due Date: (at the beginning of class)

(Instructions for Treatment 1 group)

Instructions: Construct a concept map on a separate sheet gdpiepaper showing
how the terms listed below are related. Pleastewdur name on the top of the paper
used to construct your concept map to receive tcfedihis assignment. Your map

should be constructed around the central con&dgictronegativity

(Instructions for Treatment 2 groups)

Instructions: Construct a concept map on a separate sheet td/adpy paper using the
Creonto software as an assistance tool to showthewerms listed below are related.
Please write your name on the top of the paper tgsednstruct your concept map to

receive credit for this assignment. Your map shd@aonstructed around the central

conceptElectronegativity

Concept Term List:

» Electronegativity

» Covalent Compounds

* lonic Compounds

» Electrons

* Pure Covalent Compounds
* Polar Covalent Compounds

* Metals
» Nonmetals
* Dipole
* Noble Gases
*Check for the following after constructing your map:
v" Your name is included on the top of your map
v" You have included all and only the terms providedr the list above
to create your map
v All lines connecting your concepts have an arrow
v" You have included descriptive phrases on all arrowsonnecting
your concepts
v" Your map shows what you know about the central toyi:
Electronegativity
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Concept Mapping Assignment #3
Due Date: (at the beginning of class)

(Instructions for Treatment 1 group)

Instructions: Construct a concept map on a separate sheet edptepaper showing
how the terms listed below are related. Pleastewadur name on the top of the paper
used to construct your concept map to receive tfedihis assignment. Your map

should be constructed around the central con€gpemical Reaction

(Instructions for Treatment 2 groups)

Instructions: Construct a concept map on a separate sheet td/edpy paper using the
Creonto software as an assistance tool to showtheuerms listed below are related.
Please write your name on the top of the paper tesednstruct your concept map to
receive credit for this assignment. Your map shd@aonstructed around the central

conceptChemical Reaction

Concept Term List:

Chemical Reaction

Double Replacement Reaction
Chemical Change

Products

Reactants

Chemical Equation
Decomposition Reaction
Combination Reaction

Single Replacement Reaction

*Check for the following after constructing your map:

v
v

v
v

Your name is included on the top of your map

You have included all and only the terms providedn the list
above to create your map

All lines connecting your concepts have an arrow

You have included descriptive phrases on all arrowsonnecting
your concepts

Your map shows what you know about the central togi:
Chemical Reaction
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Concept Mapping Assignment #4
Due Date: (at the beginning of class)

(Instructions for Treatment 1 group)

Instructions: Construct a concept map on a separate sheet edptepaper showing
how the terms listed below are related. Pleastewadur name on the top of the paper
used to construct your concept map to receive tfedihis assignment. Your map

should be constructed around the central con€gpemical Potential Energy

(Instructions for Treatment 2 groups)

Instructions: Construct a concept map on a separate sheet td/edpy paper using the
Creonto software as an assistance tool to showtheverms listed below are related.
Please write your name on the top of the paper tesednstruct your concept map to
receive credit for this assignment. Your map shd@aonstructed around the central

conceptChemical Potential Energy

Concept Term List:
* Chemical Potential Energy
* Chemical Reaction
* Law of Conservation of Energy
» Catalyst
* Rate of Reaction
» Activation Energy
* Heat of Reaction
* Endothermic Reaction
* Exothermic Reaction

*Check for the following after constructing your map:

v" Your name is included on the top of your map

v" You have included all and only the terms providedri the list above to create
your map

v All lines connecting your concepts have an arrow

v" You have included descriptive phrases on all arrowsonnecting your
concepts

v" Your map shows what you know about the central tomi: Chemical Potential
Energy
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