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CHAPTER 1 
 

INTRODUCTION 
 

 

Significance of the Study 
 
 The American Chemical Society (ACS) approved this definition of Scholarship in 

the Chemical Sciences: 

In addition to discovery research, scholarship in the chemical sciences and engineering 
includes the integration, application, and teaching of chemical sciences and engineering 
principles and practices.  This expanded definition recognizes that valuable scholarship 
in any of these areas requires originality, creativity, a thorough grounding in the 
previous accomplishments of other scholars, and effective communication of new 
contributions in peer-reviewed publications (ACS, 2000). 

 

 The only way to ensure the effective application of this definition is an effective 

and sound undergraduate chemistry program.  The first step on this journey is the general 

chemistry course.  If we start students correctly with the tools they need to succeed, then 

their undergraduate experience is richer, their graduate abilities more enhanced, and their 

careers in the chemical sciences will be successful and productive.  And the trouble 

begins at the first course in chemistry. 

 Two significant issues are present in first year general chemistry classrooms.  The 

first is the recognition that the average incoming college student lacks the maturity, time 

management skills, and study habits to earn the grades desired in their classes (AP News, 

2003; Schwarz, 1997).  Distractions are many for the first year student, ranging from peer 
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pressure to general immaturity to simply being away from home.  We add to the problem 

by teaching chemistry in a large-lecture environment where students can further retreat 

from reality through little or no contact with the instructor; the feeling of being lost – or 

hiding – in being one among many in a highly competitive environment also adds to the 

problem.  Secondly, it should be acknowledged that any lecture is better received if a 

student is prepared for it; that is, the material being presented can build on previous 

knowledge (Ausubel, 1968).  Therefore, of these two issues the question becomes how to 

defeat the former and implement the latter? 

 The integration of computer technology into teaching and assessment has been 

strongly emphasized in chemistry education reform (Lippincott, 1984; Morrissey, 1995; 

Glaser, 1999; Burke, 1998).  In this study we investigate the effect of a web-based, 

lecture preparation program on final course achievement in a first-year general chemistry 

course offered at the university level.  The study presents one type of lecture preparation - 

the preview - as it relates to material to be presented in each lecture.  Additional data are 

collected and evaluated concerning the contribution to final course achievement that is 

attributable to gender, formal operational reasoning level, prior chemistry knowledge, 

college preparation, and attitude. 

 

Overview 

 Traditionally, at the conclusion of a lecture, the instructor announces the nature of 

the expected preparation for the next lecture, such as “for Wednesday read sections 3.1 

through 3.3 and work problems 10, 11, and 12.”  The instructor’s intentions are sincere 
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for the student to do the assignment and thus come to class better prepared for the next 

lecture (Figure 1.01); however, this announcement is usually made as students are 

packing up their things and walking out the door…either not listening or writing it down.  

And why should they?  Most instructors use this common preparation strategy but, sadly,  

 

 

 

 

 

 

 

 

 

 

 

 

 

it is usually announced with an understanding that it most likely won’t be done by the 

student.  Regrettably, both the instructor and the students lose as neither are now best 

prepared for the next lecture – students are unaware of the benefits of prelecture 

preparation (and what comes from it) and the instructor is unaware of the weaknesses (or 

strengths) of the class with respect to the material at hand.  The result is the instructor 

Figure 1.01: The Ideal Expectation of a Traditional Prelecture Assignment

Prelecture material is expected to have been done and the lecture 
starts with that premise.  Note that prelecture material is at the 

start or may overlap the lecture material. 

PREP LECTURE 

Allotted Lecture Time

Lecture Material
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eventually teaches what the students should have known before coming to lecture and an 

overall loss of effectiveness results from the waste of valuable lecture time to address the 

routine - which amounts to ‘dumbing down’ each lecture (Figure 1.02) (Offner, 2004; 

Perlmutter, 2004) . 

  

 

 

 

 

 

 

 

 

 

 

 

 

 We developed a web-based addendum to the lecture, which was designed to 

compensate for the lack of student preparation (Honan, 1998).  We then investigated the 

use of this pre-lecture experience on student achievement.  Our premise is that the better 

preparation not only provides an enhanced lecture experience, but also the instructor 

benefits by being able to produce a lecture at a higher level of quality (Figure 1.03).   

Figure 1.02: The Typical “Dumbing Down” of the Lecture 

When students do not read the prelecture material, the professor 
must take lecture time to do the work for them to ensure an 

effective lecture is realized.   
Note that the lecture preparation material is missing and must be 

made up in the normally allotted time for lecture. 

PREP LECTURE 

Allotted Lecture Time

Lecture Material
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 This study is concerned with investigating differences between students who did 

not prepare, or were inadequately prepared, for lecture and those who were exposed to 

preparatory lecture material.  The setting for the study was the classical large format 

classroom (N > 400) staffed by a member of the faculty (the lecturer) and a graduate 

student teaching assistant (TA), which is often the common situation.     

 The basis for this work is rooted in constructivist theory as expanded on by 

Ausubel’s concept of an advance organizer (Ausubel, 1968; Ausubel, 1978).  An advance 

organizer was used as an instrument employed to better prepare the student for the lecture 

experience.  The process involved a series of unique web-based ‘lecture preparations’ or 

Figure 1.03: The Desired “Dumbing Up” of the Lecture 

When students understand the prelecture material, the instructor may ‘raise 
the bar’ in the lecture.  This includes the omission of topics fully understood 

by the class making additional lecture time available.   
Note the gap between the lecture preparation material and the lecture 
material.  This is the desired ‘dumbing up’ of the lecture.  It takes the 

preparation one step further such that critical higher-order thinking skills 
may be incorporated into the lecture. 

PREP LECTURE 

Allotted Lecture Time

Lecture Material



 6

‘lecture preps,’ that were presented to the student.  These preview treatments took less 

than five minutes, were available from the moment a class was dismissed until it 

convened again, and were accessible as many times as the student wished during that 

period.  The goal of the lecture preparation was to present critical lecture material in the 

format described by  Piaget as “prior knowledge” or a base upon which to build the 

lecture material (Beistel, 1975; Ausubel, 1968).  The intent was not to replace, teach, or 

even supplement the lecture, but to expose the student to upcoming lecture material to 

prepare them for the lecture.   

 Of note was the manner in which our treatments were presented to the student.  

Ausubel describes an advance organizer in one of two forms – expository and 

comparative.  Expository organizers provide new information that can be used to 

assimilate forthcoming material.  Comparative organizers stimulate existing knowledge 

that the student has.  Here we focus on the assumption that students involved have no (or 

poor) prior knowledge and we present the subject in the expository form. 

 

Statement of the Problem 

 Herron describes the concept of ‘dumb’ as relating to the Piagetan concept of 

intellectual development, specifically the attainment of formal operational thought 

concluding with basic intellectual development that usually occurs in the mid-teens 

(Herron, 1975).  He feels strongly that students are not coming to college at the formal 

operational level.  So, are students dumb?  No, but sometimes it’s hard to believe 

otherwise.  Take for instance an instructor’s first reaction to the results on an 
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examination.  Often what was perceived as simple material, fully explained in lecture and 

reinforced by homework, becomes disbelief over students’ poor performance.  Instructors 

cringe at low scores on questions concerning topics repeatedly addressed.  Why does this 

happen?  The most common belief, and one held by the author, is that students come to 

college with exceptionally poor preparation in both academics (i.e., during their high 

school experience they are deluded with respect to their abilities and thus have inflated, 

undeserved high GPA’s) (Honan, 1998; Schwarz, 1997); they come away with poor study 

skills (not being challenged in high school either in the higher order thinking skills; they 

have poor time management skills and poor study habits; and they believe they can do as 

well in university classes using the same methods they used in high school.) (AP News, 

2003).  

 When students come to class nowadays, instructors only have two courses of 

action.  The first is to proceed with the lecture believing (maybe hoping) students have 

done the required advanced assignment (Figure 1.01).  The benefit of this action is that 

students are held responsible and accountable for not doing  assigned work for the next 

lecture.  However, the liability is that students will not understand the lecture (i.e., it is 

‘over their heads’); consequently, their subsequent wrath is focused in the end-of-

semester evaluations claiming a ‘bad instructor’ or in some cases even worse.  The 

second course is to take valuable class time to ‘catch up’ on the material they should have 

assimilated before lecture – essentially ‘dumbing down’ the lecture - then continuing on 

with the material originally planned (Figure 1.02).  There is no benefit to be had here.  

The liability is that the desired lecture material is compressed into a smaller amount of 
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time and at such speed that again, students end up not understanding the lecture and 

express their frustrations as negative events, blaming everyone but themselves for their 

poor performance. 

 In courses that attempt to use advanced assignments seriously, a great unknown 

exists in that the instructor has no idea who has or has not done the assignment, and for 

those that have there is no way to decide the level of understanding of the assigned 

material.  Knowing this is critical to tailoring the lecture to meet student needs to provide 

lectures that incorporate abstract concepts and higher order thinking skills (Zoller, 1999; 

Zielinski, 1995).   

 A search of the literature revealed no systemic research (only anecdotal reports of 

success) into using prelecture assignments.  Besides the traditional prelecture 

assignments such as reading assignments, worksheets, etc., only one major contribution 

to the concept of prelecture assignments has been developed and that by the physics 

community.  “Just in Time Teaching (JiTT)” is described as:  

 

…a teaching and learning strategy based on the interaction between  
web-based study assignments and an active learner classroom.  
Students respond electronically to carefully constructed web-based 
assignments which are due shortly before class, and the instructor 
reads the student submissions "just-in-time" to adjust the classroom 
lesson to suit the students' needs. Thus, the heart of JiTT is the 
"feedback loop" formed by the students' outside-of-class 
preparation that fundamentally affects what happens during the 
subsequent in-class time together (JiTT, 2003). 

 

Again, although many authors have written about their own idiosyncratic ‘systems’ used 

to promote lecture preparation (prelecture assignments, warm-ups, quizzes, crossword 
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puzzles, JiTT variances, etc.) no active research exists other than student-reported 

comments.  One other important item dealing with JiTT: it  goes beyond the definition of 

a prelecture assignment by including a ‘mastery-type’ quizzing component designed to 

give the instructor a rough assessment of the ‘pulse’ of the class.  Many course web pages 

were visited to determine the role that quizzes serve in lecture preparation, but literally 

every course inspected had applied this lecture preparation system differently, the most 

striking difference being the nature of feedback from the quizzes.  Some did not offer any 

feedback and at the other extreme some provided brief explanations (actually answer 

sheets).  Our efforts did not incorporate a feedback system because we were not 

interested here in the level of student understanding of the lecture prep material.  Our 

interest was not in using the lecture prep’s to teach, only to provide prior knowledge on 

which to build; this would have gone beyond the scope of this research. 

 Although the comments and design of the JiTT system are quite good, no mention 

is made as to how many students submit comments and how prepared they were prior to 

the semester’s  beginning.  These are critical concerns in determining the net effect of a 

treatment which is of interest to us here. 

 In the CHEM 301 classrooms used in this study, one professor and one TA 

handled the entire academic load of a large lecture format, exams, quizzes, homework’s, 

and grades for the semester.  The students who participated in this study were enrolled in 

first-semester general chemistry courses for science majors at a large southwest research 

institution with a total student population of over 50,000.  There is a mathematics 

prerequisite for the course, amounting effectively to a good background in college 
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algebra (equating to a score of 560 or higher on the SAT II mathematics level I test).  All 

students were expected to attend three, 50-minute lectures a week and the course had no 

concurrent or complementary laboratory component or recitation sections required. 

 

Research Questions (Null hypotheses)  

Research questions addressed in this study are: 

1. Is there a difference in achievement between groups of students who use the 

preview strategies in the main general chemistry course? 

H11  There is no difference between treatment groups of students who used 

the preview strategy in the main general chemistry course. 

2. Is there a participation level (minimum number of treatments) that best 

enables students to achieve success (defined as grades of ‘C,’ ‘B,’ and ‘A’) in 

the main general chemistry course? 

H21  There is no difference between treatment groups by number of 

treatments received and success in the main general chemistry 

course.  

3. Is there a significant difference among the different participation levels with 

respect to the following non-cognitive attributes: motivation, academic ability, 

prior knowledge in chemistry, prior knowledge in mathematics, and formal 

operational level?  

H31  There is no difference among the different participation levels with 

respect to motivation. 
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H32  There is no difference among the different participation levels with 

respect to academic ability. 

H33  There is no difference among the different participation levels with 

respect to prior knowledge in chemistry. 

H34  There is no difference among the different participation levels with 

respect to prior knowledge in mathematics. 

H35  There is no difference among the different participation levels with 

respect to prior knowledge in formal operational level. 

 

Summary 

The main focus of this study is to evaluate the effects of lecture preparation on 

chemistry knowledge acquisition.  It also includes a description of the lecture preparation 

model and an introductory comparison between the achievement of those students 

experiencing and not experiencing the treatment in the first-semester general chemistry 

course for science majors.  We hypothesize that raising the bar of student preparation for 

the lecture experience will increase student confidence, participation in class, and active 

pursuit of course material ultimately achieving greater learning and continued success in 

future classes. 
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CHAPTER 2 

Experimental Design 

 

 

GENERAL 

 This study examines the effect of web-based preview material on lecture 

preparation.  The study involved five groups at various participation levels in a quasi-

experimental classified design using a pretest-posttest protocol (Gribbons et. al., 1997).  

We describe here the experimental population and the samples derived from it, the 

academic setting, and the method for collecting data in this study.  Also described are 

measures of the independent and dependent variables collected for this investigation, 

together with a synopsis of the data analysis. 

 

Introduction 

 The students involved in this study were enrolled in the first semester (Chem 301) 

of a two-semester first-year general chemistry course (Chem 301/302) designed for 

science majors.  The course was taught in a large-lecture hall environment using an 

expository format; a commercially available general chemistry book (Whitten et al, 2000) 

was the required text.  The students also had the option to purchase a problem solving 
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guide and/or a student solutions manual, both being offered by the publisher of the 

textbook.  The CH 301/302 sequence is intended for students interested in technical areas 

and is the only sequence that fulfills the prerequisites for advanced chemistry courses. 

The prerequisite for CH 301 is credit or registration for M 305G (college algebra) or a 

score of at least 560 on the Mathematics Level I Test, which is locally (The University of 

Texas at Austin) produced and scored.  The enrollments in the spring and fall classes are 

generally extremely large (N>400) while the enrollment in the summer course is usually 

significantly smaller (N<100).  Three separate experiments were conducted.  Specific 

demographic data for each experiment are given in each experimental section (vide 

infra).  Two different professors were involved with this study, one professor for 

experiments I and II and a second professor for experiment III.  All students had the 

opportunity to attend weekly office hours given independently by the course professor 

and the graduate teaching assistant (TA) assigned to the course. 

 

Study Design Overview 

 The experimental class was divided into two equal, but randomly assigned 

groups.  Only one group was used in this investigation and we designated the members of 

this group as “previews,” who received appropriate materials – described here as 

treatments – prior to each lecture.  The effect of these web-based materials was measured 

using traditional assessment processes (i.e., regularly scheduled course exams scores, 

final exam score, and total course points).  All of the web-based materials (Appendix B) 

associated with this study were designed and programmed by the author, approved by the 
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professors in charge of the course, and delivered electronically.  This study was 

accomplished in two phases consisting of a series of pilot studies followed by three data 

collecting experiments (three different classes in three different semesters).   

Initially, our goal was to evaluate the effectiveness of the treatments using the 

design in Figure 2.01, where n1 is the number of treatment/lecture pairings and n2 is the 

number of exam periods they support.  Figure 2.02 gives an expanded version.  However, 

changes to this design occurred based on observations made as each experiment 

concluded.  These changes are addressed in the detailed descriptions of each experiment 

given later. 

 

Figure 2.01  Preview Experimental Design Overview 

((Lecture Prep    Lecture)n1   Exams)n2  Final Exam 
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Figure 2.02  Preview Relationships to the Lectures 
 

 

Group Selection 

 The procedure for establishing the group assignment of students to either one of 

the treatment groups was identical for each experiment.  In the first week of each 

semester, students did a mandatory web-based, course instructional tutorial (Appendix A) 

that required them to learn, through a sequence of steps, critical course skills such as how 

to use the homework/exam system, registering/obtaining an email account, and 

registration for the secure on-line access to course grades, among other things.  Hidden in 

this process was each student’s assignment to a treatment group, which was 

accomplished randomly, based on the order in which students reached a specified page 

within the tutorial.  This process ensured a random distribution of students into our 

treatment group.  We note here that no control group was originally established for this 

“Previews”

Semester
End 

“Lectures”
Semester 

Start 



 16

study because the treatments were designed to be a mandatory and an integral part of the 

course; the experiment-associated web-based material was a required activity of the 

course as indicated in the course syllabus.  No course points were assigned to these 

activities, which, from an individual student’s point of view, appeared to be essentially 

the same irrespective of the identity of the group to which they were randomly assigned.  

Thus, if a student decided not to participate, he/she was not penalized.  In other words, 

this experiment was ‘woven’ into the fabric of the course removing the appearance that 

student participation was done for extra credit or was, in effect, a ‘time-on-task’ project.  

Although a student could lose a competitive edge within the class by consciously electing 

(self-choosing) not to participate, this action was not considered detrimental to the 

student (i.e., we considered this no different than a student refusing to do assigned 

homework, additional problem sets, coming to exam reviews, or attending professor/TA 

office hours).  As a result, these self-selecting students became experimental controls (at 

various levels of participation (vide infra)). 

 No treatments were offered prior to the first exam because the number and 

identity of students in the course fluctuated during the first twelve days of classes, a 

process allowed by The University.  The first twelve days of a long semester are an 

administrative grace period permitting students to wander between classes for what is 

essentially, “shopping around” for a classroom that “suits them best.”  Additionally, 

Exam 1 traditionally occurs around lectures 9-11.  The 12th class day generally occurs 

around lectures 7-8 for a class that meets Monday’s, Wednesday’s, and Friday’s.  The 

number of students still settling into the course as late additions made starting the 
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treatments earlier undesirable.  We believed that waiting until after the first exam did not 

distract from our experimental design and actually allowed the class to reach a somewhat 

steady state which was a better environment for the treatments.  Therefore, during the 

period up to Exam 1 (in each long semester) no treatments were given.  However, from 

the first day of class all students, following completion of the course tutorial, were 

instructed on and required to use the web-based treatment generating program (the 

“lecture preps”), albeit the material was informational for all students until Exam 1 had 

been administered.  This was done primarily to get students in the habit of visiting the 

web page in preparation of the prelecture treatments. 

 Data was collected for three consecutive semesters, spring, summer, and fall 

within the same calendar year (Figure 2.03).  The regular long-semesters, spring and fall,  

 

 

Figure 2.03  Flow of the Three Experimental Semesters 

Expt I 

Expt II

Expt III

Pilot Study:  
-Spring (long) semester 
-large class 
-low participation 

Pilot Study:  
-Summer (short) semester 
-small class 
-high participation 

Data Collection: 
-Fall (long) semester 
-large class 
-high participation 
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were typical of this institution in terms of class size (400-500).  Some students received 

special testing conditions, such as extra time or a quiet area, but this was never 

considered a need for eliminating them from the study, because the number of such 

students was small – two and three respectively.  The most important point here is that no 

student received any special considerations, privileges, or instruction (outside that 

mandated by the course instructor) and all students were treated consistently and equally 

in each of the semesters during which each experiment was conducted.  

An interesting condition exists during the summer session at The University that 

may be a concern.  During the summer experiment, besides involving a smaller number 

of students (N<100) and fewer weeks (14.5 in the long semester and 5 in the summer), 

we also have less lecture time available.  Typically a long semester incorporates some 

2100 minutes of available lecture time while the summer incorporates 2000 minutes, 95.2 

percent of the time available during the long semester.  Although this doesn’t sound like 

much at first consideration, the extra 100 minutes corresponds to two classes in the long 

semesters (spring and fall) and one in the short (summer).  The course content 

requirements for all semesters, however, are the same, presenting the instructor in the 

summer the additional hurdle of covering the same amount of material in less time.  

Additionally, the long semesters were taught Monday, Wednesday, and Friday’s for 50 

minutes each (150 minutes total each calendar week) over 42 days.  The summer course, 

however, was taught Monday through Friday for 80 minutes each day (400 minutes per 

week) over 25 days during the semester.  As can be imagined, during the summer session 
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it is more devastating if a student falls behind or fails to grasp a concept that supports 

subsequent topics than in either long semester.  This makes lecture preparation ever more 

important and was thus a strong consideration to include a summer session as one of the 

experiments, although our initial intentions were to only investigate large lecture classes.   

 

Preview Sequence 

 During the period between each lecture, students were required to login into the 

course web site and peruse the presented lecture prep.  The treatment issued was 

consistent over the entire semester (Figure 2.04, where “n” equals the number of total 

treatments).  Again, this arrangement ensured that all students received treatments over 

the entire semester. 

 

 

 

 

Figure 2.04  Flow Chart for Preview Treatments 
 

 Overall, the execution of the study was accomplished in two phases: the first, a 

pilot study phase, followed by a data collection phase.  In phase I, several abbreviated 

iterations of the study were performed (collectively called experiment 0) in several 

classrooms of varying size and composition.  No data were collected as all aspects of this 

phase were designed to test the mechanics of the computer programs (the information 

Lecture 
Student accesses 
and receives the 

Preview material. 

n 
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delivery and data collection “engines”) and to solicit student/faculty feedback on both 

content and presentation.  During this first phase, all students received the same lecture 

prep material (a combined form of both treatments).  Our controlling concept was to 

maintain a consistency in presentation mechanics while making the content itself a 

‘living’ document; i.e., modifiable through feedback.  This took on two forms – an 

instructor accessed on-line gateway for inputting treatments (i.e., specific programs for 

instructor use only in maintaining the treatments and course web pages) and student 

access and commentary from on-line supplemental materials (i.e., the treatments and 

special online response forms linked to the treatments). 

 Phase II was the data collection effort.  No presentation (programming) changes 

were made once a semester started to prevent introducing any student confusion due to 

format changes.  A summary of the experiments used in this study are compiled in Table 

2.01.   

 

Table 2.01  Experimental Listing 
Phase Expt Semester Groups Treatment N 

I 0 Various 1 or 2 Preview and Review Combinations 122 
I Spring 1 Preview 393 
II Summer 1 Preview 77 II 
III Fall 1 Preview 505 

 

 

 The experiments in Phase II were designed to assess the achievements of those 

students in the main general chemistry I course by type of treatment received.  Anyone 

who completed the tutorial (thereby receiving a treatment group classification) and also 
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took the final exam (thereby completing the semester) was included in the analysis at 

course end. 

 This study was based solely on web-based material requiring student access to 

computers and the internet.  Initial concerns over availability to both computers and the 

internet were subsequently discounted due to the opportunities available on campus.  

During the semesters described in this study, access to computer centers with internet 

capable computers on campus was 24 hours a day.  If the student used a personal 

computer, such as a lap top, there were DHCP (wired and wireless) access points across 

campus.   
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CHAPTER 3 

Data and Analysis 

 

 

GENERAL 

 This chapter describes the experimental population and the samples derived from 

it; the academic setting, and the method for collecting data in this study.  Also described 

are measures of the independent and dependent variables collected for this investigation, 

together with a synopsis of the data analysis, specifically the pretest and posttest 

evaluations.  The three (3) experiments in this study are considered separately.  A 

summary of course starting figures is at Table 3.01 

 

 

 

 

 

Table 3.01  Course Data 

  Personnel Students (N) Mean 
Experiment Term Faculty TA Initial Final Pretest GALT 

I Spring A 1 196 106 6.69 7.82 
II Summer A 1 39 27 9.04 8.22 
III Fall B 2 242 173 6.81 8.17 
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EXPERIMENT I: Spring Semester 

Demographics 

 In the Spring 2001 semester, a CHEM 301 class of 196 was selected as preview 

students; in the end reduced to 106 students as a result of missing data, failure to 

complete the final exam, or normal class attrition (drops or withdrawals) (Table 3.02).  

Specifically, missing data are attributed to 47 that did not take the chemistry pretest, 80 

not taking the chemistry posttest, 23 not taking the final exam, and 13 in the attrition 

group1. 

 The resulting treatment group contained 52 females and 54 males (Table 3.03) 

who ranged in age from under 18 to over 27 (Table 3.04) with the overwhelming majority 

(74.6 percent) in the 18-19 year old range.  Preview students were also classified by the 

academic year they completed high school chemistry (Figure 3.01) and mathematics 

(Figure 3.02) courses, respectively, including the level of course taken in chemistry 

(Figure 3.03) and mathematics (Figure 3.04).  This background is taken to indicate prior 

knowledge in these content areas.  The proportion of students previously haven taken this 

course (CHEM 301 or its equivalent) was a considerably high 17.9 percent (and for the 

entire class, 20.9 percent).  These students are labeled ‘repeaters’ (Table 3.05). 
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Table 3.02  Experimental Sample Data 

  Spring 
Starting N 196 
No Pretest 47 
No Posttest 80 
No Final Examination 23 
Dropped/Withdrew 13 
Total (N) 106 

 
 

 

Table 3.03  Gender Totals 

  Spring 
Female 49.1% 
Male 50.9% 
Total (N) 106 

 
 

 

Table 3.04  Age Group Totals 

  Spring 
<18 years 2.8% 
18-19 years 77.4% 
20-21 years 16.0% 
22-27 years 2.8% 
>27 years 0.9% 
Total (N) 106 

 
 

                                                                                                                                                 
1 Overlap of data in these figures occurs because some students fell into several categories.  The sum, 
therefore, of the students in these categories is greater than the 90 student decrease in the initial 
experimental preview treatment group. 
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Figure 3.01  Grade Levels at which Chemistry Courses were taken in High School 
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Figure 3.02  Chemistry Courses Attempted in High School 
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Figure 3.03  Grades Levels at which Mathematics Courses were taken in High 

School 
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Figure 3.04  Mathematics Courses Attempted in High School 
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Table 3.05  Students Repeating the Course 

  Spring 
First Timer 82.1% 
Repeater 17.9% 
Total (N) 106 

 
 

 
Table 3.06  Identity of the College Affiliation of the Students in this Study 

  Spring 
Business 6.6% 
Education 1.2% 
Engineering 17.0% 
Communications 0.9% 
Natural Sciences 53.8% 
Liberal Arts 18.9% 
Nursing 0.9% 
Architecture 0.0% 
Fine Arts 0.0% 
Social Work 0.0% 
Total (N) 106 

 
 

 
 Two diagnostic instruments were used to describe the students in the experiment: 

a chemistry pretest (Figure 3.05; Appendix D) and the Group Assessment of Logical 

Thinking (GALT) (Table 3.07; Figure 3.06; Appendix C).   

 The chemistry pretest (maximum score of 17) scores were surprisingly low 

considering the relatively high numbers of students with prior high school chemistry; the 

mean of the class being 6.69 (n=106).  However, after removing the repeaters, the mean 

drops to 6.53 (n=87) while the mean of the repeaters alone is 7.42 (n=19).  This 

difference is not unexpected since the repeaters have a more current exposure to the 

material (i.e., usually the previous semester).   
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 The literature indicates that approximately 50 percent of the students taking 

freshman chemistry are reported to be at the formal operational level (Herron, 1979; 

Bunce, 1993; Mason, 1994) on the basis of a GALT assessment.  The preview treatment 

group showed 47.1 percent (n=104) of the students were at a formal operational level.  

We also looked at the repeater and non-repeater formal operational levels and noted 

nothing of significance, reporting 52.6 percent (n=19) and 45.9 percent (n=85), 

respectively, for these groups.  Unlike the chemistry pretest where the repeaters were 

recently exposed to the material, the GALT measures logical thinking ability; 

characteristics not likely to change in the brief period between semesters. 

 Overall, the class had a significant prior exposure to chemistry (95.3 percent had 

taken chemistry at some point in high school) and mathematics (98.1 percent), although 

the greatest percent of students taking chemistry in high school occurred in 10th grade 

(more than a two-year lag until taking CHEM 301); in contrast, essentially no 

discontinuity occurred in taking mathematics.  Both of these content areas have been 

shown to exhibit strong positive correlations with success in college chemistry (Bunce, 

1993; Ozsogomonyan, 1979).   
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Figure 3.05  Chemistry Pretest Scores by Type of Student 
 
 
 
 

Table 3.07  Group Assessment of Logical Thinking (GALT) Results 

  Spring 
Concrete 8.7% 
Transitional 44.2% 
Formal Operational 47.1% 
Total (N) 104 

 
 
 

Class Mean……….6.69
First Timer Mean…6.53 
Repeater Mean……7.42 
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Figure 3.06  GALT Scores by Type of Student 

 

 

Instructional Content 

 All students are expected to attend lecture three times a week for 50 minutes at 

each lecture.  The course content covered the basics of general chemistry such as 

dimensional analysis, chemical composition, stoichiometry, chemical periodicity, 

bonding, acids-bases, and gases.  A description of the chapters and topics of the textbook 

used in this study is contained in Appendix H.  

Preliminary Analysis 

 A preliminary analysis of the data was conducted to establish the presence of 

trends.  Indeed, the first and most obvious fact was the exceptionally low participation 

Class Mean……….7.82
First Timer Mean…7.72 
Repeater Mean……8.26 
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rate (Figure 3.07) with a class mean of 8.61 of 31 possible treatments (27.76 percent 

participation) and a preview group participation rate of 36.37 percent.   
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Figure 3.07  Treatment Participation in Experiment I 

 

 A review of the data, including student end-of-course comments, produced no 

conclusive reason for the low participation rate.  Regardless, the participation numbers 

would need to rise significantly to reflect our targeted audience, namely the large lecture 

classroom.  We developed a strategy to solve the participation issue which required an 

additional test before collecting final data.   
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EXPERIMENT II: Summer Semester   

Modifications 

 The earliest opportunity for implementing and testing the changes suggested by 

Experiment I was the Summer semester.  The Summer term is shorter and faster-paced 

often with a small class size (N ~ 100).  Our design changes required a careful balance 

between a need to encourage student participation while at the same time not contributing 

to the perception of overwhelming the student.  Although we were getting away from 

looking at a large lecture environment in this semester, another iteration would allow us 

the opportunity to test our method of ultimately increasing participation, upon returning 

to a large lecture classroom setting in the Fall semester.   

 The initial data analysis from Experiment I and consideration of externally 

imposed limitations on the Summer semester led to three areas that were addressed in 

Experiment II: 

• First, the low participation rate.  Our primary objective was to preclude awarding 

incentive (bonus) points for participation; various unannounced handouts were 

linked to the treatments.  A student who engaged a treatment, was  able to 

download a figure, a table, or a handout; however, none of these items afforded 

an unfair advantage in the class, they were neutral inducements -- just “nice to 

have.”  As shown in Figure 3.08, the participation rates improved significantly.   

• Second, the availability (or lack) of in-class and between-class time that arises 

because of the “Summer compression.”  The topics, the amount, and order of 

material taught were the same as for Experiment I but with significantly less 
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time to absorb it.  Very little could effectively be done to minimize this problem.  

Compressing 16 weeks into 5.5 cannot be compensated if material is  missed or 

a student falls behind.   

• Lastly, the treatment start time.  The treatments started after the third class day 

because of the small number of students enrolled; historically low turnover/drop 

rates occur in the Summer semester.  The professor’s choice of only two exams 

and a final was an additional consideration in establishing the details of 

Experiment II.  Adding to the stress of a short semester was a comprehensive 

final exam given the day following the second exam (a date established by The 

University for this course).   
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Figure 3.08  Comparison of Participation Levels 
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Demographics 

 In the Summer semester (Table 3.08), 39 preview students were reduced to 27 

students as a result of missing data, failure to complete the final exam, or normal class 

attrition.  Specifically, missing data are attributed to 12 students who did not take the 

posttest, 3 who did not take the final exam, and 3 who dropped the course during the 

study (Table 3.09). 

 The Summer had the same instructor and course objectives as Experiment I 

(Table 3.01).  The class ranged in age from under 18 to over 27 (Table 3.10), and 

contained 12 females and 15 males (Table 3.09).  Students were also classified by the 

academic year they completed high school chemistry (Figure 3.09) and mathematics 

(Figure 3.11) courses, respectively, including the level of course taken in chemistry 

(Figure 3.10) and mathematics (Figure 3.12).  These figures indicate prior knowledge in 

these content areas.  Unlike the students of Experiment I, this semester showed students 

taking high school chemistry much closer to their graduation. 

 Students previously taking this course (CHEM 301 or its equivalent) were at an 

impressively high 48.1 percent.  These students are labeled ‘repeaters’ (Table 3.11).  

Discussions with several students over the course of the semester revealed many were 

returning to college to obtain prerequisite or refresher classes prior to taking the MCAT 

or GRE.  Several students in the class even shared that they had Bachelor degrees from 

other universities.  This composition is completely different than the Spring semester 

where the repeaters had come from low or failing grades in the previous semester. 



 35

 The number of Summer students showing formal operational levels on the GALT 

(Table 3.13) was much higher than the Spring, 63.0 percent to 47.1 percent respectively.  

The chemistry pretest (Figure 3.14) also showed a much higher mean, 9.04 compared to 

6.69 in the Spring.  This may have resulted from the fact that the participants’ chemistry 

classes were completed much closer to graduation than those in Experiment I.  

Additionally, the primary age for Experiment I was centered in the 18-19 range (77.4 

percent), but in this group the average age is centered in the early to mid 20’s (33.3 

percent with only 59 percent in the 18-19 range).  Again, we suspected that because the 

demographics of each of the two semesters, Spring and Summer, might not be 

comparable and perhaps the same treatments may not produce similar results. 

 

Table 3.08  Experimental Sample Data 

  Spring Summer 
Starting N 196 39 
No Pretest 47 0 
No Posttest 80 12 
No Final Examination 23 3 
Dropped/Withdrew 13 3 
Total (N) 106 27 

 
 

 

Table 3.09  Gender Totals 

  Spring Summer 
Female 49.1% 44.4% 
Male 50.9% 55.6% 
Total (N) 106 27 
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Table 3.10  Age Group Totals 

  Spring Summer 
<18 years 2.8% 3.7% 
18-19 years 77.4% 59.3% 
20-21 years 16.0% 14.8% 
22-27 years 2.8% 18.5% 
>27 years 0.9% 3.7% 
Total (N) 106 27 

 
 
 
 

14.8

63.0

25.9

33.3

7.4

0.00

10.00

20.00

30.00

40.00

50.00

60.00

70.00

9th 10th 11th 12th Never

Chem istry Grade Level (Sum m er)

Pe
rc

en
t

 
Figure 3.09  Grade Levels at which Chemistry Courses were taken in High School 
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Figure 3.10  Chemistry Courses attempted in High School 
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Figure 3.11  Grade Levels at which Mathematics Courses were taken in High School 
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Figure 3.12  Mathematics Courses attempted in High School 
 

Table 3.11  Students Repeating the Course 

  Spring Summer 
First Timer 82.1% 51.9% 
Repeater 17.9% 48.1% 
Total (N) 106 27 

 

Table 3.12  Identity of the College Affiliation of the Students in this Study 

  Spring Summer 
Business 6.6% 0.0% 
Education 1.2% 3.7% 
Engineering 17.0% 25.9% 
Communications 0.9% 0.0% 
Natural Sciences 53.8% 51.9% 
Liberal Arts 18.9% 14.8% 
Nursing 0.9% 0.0% 
Architecture 0.0% 3.7% 
Fine Arts 0.0% 0.0% 
Social Work 0.0% 0.0% 
Total (N) 106 27 
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Table 3.13  Group Assessment of Logical Thinking (GALT) Results 

  Spring Summer 
Concrete 8.7% 14.8% 
Transitional 44.2% 22.2% 
Formal Operational 47.1% 63.0% 
Total (N) 104 27 

 
 

 
 
 
 
 
 
 

Figure 3.13  Chemistry Pretest Score by Type of Student 

0.00

2.00

4.00

6.00

8.00

10.00

12.00

14.00

16.00

18.00

20.00

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

Score (Summer)

Pe
rc

en
t o

f S
tu

de
nt

s

Class

Firs t Tim ers

Repeaters

 

Class Mean……….9.04
First Timer Mean…8.79 
Repeater Mean……9.31 
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 This class exhibited 96.1 percent prior knowledge in chemistry and 94.8 percent 

prior knowledge in mathematics (compared to 95.3 percent and 98.1 percent in 

Experiment I, respectively). 

 

Instructional Content 

 Students were expected to attend lecture five times a week for 75 minutes at each 

lecture.  The total lecture time available was 1875 minutes (25 days at 75 minutes) which 

was 85 percent of the time available to the Spring semester (44 days at 50 minutes or 

2200 total minutes).  Clearly, the Summer session was not only faster paced, it was also 

confounded by less lecture time.  All this in spite of a requirement to cover the same 

material at the same level of mastery as CHEM 301 in the Spring semester (Experiment 

I)  

Preliminary Analysis 

 A preliminary analysis of the data was conducted to establish the existence of 

potential problems and verify that our participation improvement methods were 

successful.  We were encouraged by the significantly higher participation rate (Figure 

3.08) with a class mean of 13.34 of 21 possible treatments (63.52 percent participation), 

and a preview group participation rate of 71.23 percent.  These results were clearly a 

complete reversal of the participation rates in the Spring.  Overall, the total number of 

students in this semester was too small for meaningful statistical analysis, the data do 
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exist.  Confident in our new strategy for increased participation, we continued with the 

large lecture classroom data obtained in Experiment III. 
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EXPERIMENT III: Fall Semester 

Modifications 

 No significant modifications were made for this semester; however, the efforts to 

raise participation levels which were so successful in Experiment II were closely 

monitored here.  Experiment III provided access to the large lecture classroom and its 

less personal environment.  Overall, we were quite pleased with both the large class size 

(N = 475) and continued high participation rate (Figure 3.11) in Experiment III.  As we 

consider the participation data, it is clear that the total number of treatments alone did not 

appear to be an effective way to address the effects of participation.  It gives no 

indication as to when they received their treatments; only an aggregate statement of 

participation is available. 

 Our first observation comes from the distribution itself: although the participation 

level was high, it appears to be ‘bimodal.’  Once a student starts a treatment routine, 

he/she either continues with it or lets it slide.  Because of this situation we were able to 

consider the interval between exams in addition to the overall treatment count in our 

analysis.  These factors are separately addressed in this chapter. 

 The course material starts with algorithmic/rote topics (definitions, stoichiometry, 

reaction types, percent yields) followed by purely abstract/conceptual topics (atomic 

theory, periodic trends, molecular modeling) and concludes with algorithmic topics 

(aqueous solutions and calculations, gases).  Unfortunately, the exam periods as 

established by the professor did not correspond to these types of content areas; if they 

had, the GALT could be used to determine the student’s thinking style and, accordingly, 
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how he/she could be influenced by the material in the lecture prep.  Our best chance to 

address this situation came from equating the number of treatments to some measurable 

scale [or blocking] to produce an approximation of the level of treatments needed for 

success.  We investigated both the periods between exams and the period from treatment 

start to the exam in question, that is, on exam 2 we could only inspect the number of 

treatments offered between exam 1 and exam 2, which (accidentally) was also the 

number of treatments between the semester start and exam 2.  On exam 3, however, there 

were treatments between exam 2 and exam 3 while there were treatments from semester 

start until exam 3 (the total of the treatments between exam 1 and 2 with the treatments 

between exam 2 and 3).  This strategy led us to create “participation levels” as subsets 

within the treatment totals.  We define “participant” as anyone falling into a designated 

participation group.  All students were organized into one of four possible groups based 

on the percent of available treatments attempted.  Seventy percent was chosen as the first 

cutoff because this value has significance in the CHEM 301 program by designating a 

student as ‘successful’ or “unsuccessful” (a grade of C or better is required for admittance 

into the second half of the first-year course, CHEM 302).  Overall, the participation 

levels are - 70 to 100 percent treatments attempted 
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Figure 3.14  Methods of Participation Analysis 

 

(designated P(70-100)), 50 to 69.99 percent (P(50-70)), 30 to 49.99 percent (P(30-50)), and 0.00 

to 29.99 percent (P(0-30)).  It was expected that in the large classroom several students 

would not participate at all for whatever reason.  Indeed, only six students fell into this 

category, but this number is too small to perform meaningful statistics and as a result it 

was rolled into the group receiving less than 30 percent treatments.   A student was only 

were now unique and based on a range of attempts, we could account for the student who 

infrequently did the lecture prep’s or did them in blocks.  We could also look at whether 

differences by participation level within each treatment type influenced overall course 

assessment.  For example, the question “Does any particular participation level provide 

improved achievement?” can be addressed as can specifics concerning 

success/nonsuccess and specific grade accomplishment (such as “the preview is a 

significant improver among C students”).   
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The bimodal distribution shown in Figure 3.15 appears to have a cutoff at 

approximately the 70-percent participation rate that was selected as the cutoff for the first 

group. 
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Figure 3.15  Comparison of Participation Levels 
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Demographics 

 A different instructor and TA taught the Fall course (Table 3.01).  The class had a 

total of 242 students selected as previews (Table 3.14) which were in the end reduced to 

173 students as a result of missing data, failure to complete the final exam, or normal 

class attrition (drops or withdrawals after the 12-day grace period).  Specifically, missing 

data are attributed to nine that did not take the chemistry pretest, 64 not taking the 

chemistry posttest, 10 not taking the final exam, and nine who dropped the course after 

the grace period.  The resulting treatment group ranged in age from under 18 to over 27 

(Table 3.16), and contained 86 females and 87 males (Table 3.15).  Class breakdown by 

grade in which chemistry (Figure 3.16) and mathematics (Figure 3.18) were taken in high 

school indicates prior knowledge in these content areas.  Additionally, the content level 

of chemistry (Figure 3.17) and mathematics (Figure 3.19) are shown.   

 The trend for inconsistency among semesters continued with a large difference 

among students showing formal operational levels on the GALT (Table 3.19; Figure 

3.20); the GALT was higher in the Fall than any of the earlier semesters (67.4 percent 

compared to 47.1 percent in the Spring and 63.0 percent in the Summer).  The chemistry 

pretest (Figure 3.21) showed a slightly higher mean than the Spring semester (6.81 

compared to 6.69) but still significantly below that of Summer (9.04).  This was a small 

surprise as the amount of chemistry prior knowledge was slightly lower.  The average age 

returned strongly back to the 18-19 range (81.5 percent compared to 77.4 percent in the 

Spring and 59.3 in the Summer).   
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Table 3.14  Experimental Sample Data 

  Spring Summer Fall 
Starting N 196 39 242 
No Pretest 47 0 9 
No Posttest 80 12 64 
No Final Examination 23 3 10 
Dropped/Withdrew 13 3 9 
Total (N) 106 27 173 

 

 

Table 3.15  Gender Totals 

  Spring Summer Fall 
Female 49.1% 44.4% 49.7% 
Male 50.9% 55.6% 50.3% 
Total (N) 106 27 173 

 

 

Table 3.16  Age Group Totals 

  Spring Summer Fall 
<18 years 2.8% 3.7% 4.6% 
18-19 years 77.4% 59.3% 81.5% 
20-21 years 16.0% 14.8% 9.2% 
22-27 years 2.8% 18.5% 4.0% 
>27 years 0.9% 3.7% 0.6% 
Total (N) 106 27 173 

 

 

Table 3.17  Students Repeating the Course 

  Spring Summer Fall 
First Timer 82.1% 51.9% 94.2% 
Repeater 17.9% 48.1% 5.8% 
Total (N) 106 27 173 
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Table 3.18  Identity of the College Affiliation of the Students in this Study 

  Spring Summer Fall 
Business 6.6% 0.0% 2.3% 
Education 1.2% 3.7% 0.6% 
Engineering 17.0% 25.9% 20.8% 
Communications 0.9% 0.0% 0.0% 
Natural Sciences 53.8% 51.9% 57.2% 
Liberal Arts 18.9% 14.8% 15.6% 
Nursing 0.9% 0.0% 0.0% 
Architecture 0.0% 3.7% 1.2% 
Fine Arts 0.0% 0.0% 1.7% 
Social Work 0.0% 0.0% 0.6% 
Total (N) 106 27 173 
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Figure 3.16  Grade Levels at which Chemistry Courses were taken in High School 
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Figure 3.17  Chemistry Courses Attempted in High School 

 



 50

 

93.1 94.8 94.8
89.6

0.6
0.00

10.00

20.00

30.00

40.00

50.00

60.00

70.00

80.00

90.00

100.00

9th 10th 11th 12th Never

Mathem atics  Grade Level (Fall)

Pe
rc

en
t

 
Figure 3.18  Grade Levels at which Mathematics Courses were taken in High School 
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Figure 3.19  Mathematics Courses Attempted in High School 
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Table 3.19  Group Assessment of Logical Thinking (GALT) Results 

  Spring Summer Fall 
Concrete 8.7% 14.8% 8.7% 
Transitional 44.2% 22.2% 23.8% 
Formal Operational 47.1% 63.0% 67.4% 
Total (N) 104 27 172 
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Figure 3.20  GALT Scores by Type of Student 

 

Class Mean……….8.17
First Timer Mean…8.15 
Repeater Mean……8.44 
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Figure 3.21  Chemistry Pretest Scores 
 

 The Fall had 96.9 percent chemistry prior knowledge (compared to 95.3 percent 

in the Spring and 96.1 in the Summer) and 99.2 percent math prior knowledge (compared 

to 98.1 percent in the Spring and 94.8 in the Summer).  As in the previous semesters, 

high school chemistry courses were primarily taken as 10th graders with mathematics 

consistently taken up to graduation.  Approximately half of the students had taken AP 

courses in both math and chemistry. 

Class Mean……….6.81
First Timer Mean…6.82 
Repeater Mean……6.70 
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Analysis 

 Experiment III had the participation levels and total student population minimums 

required for our analyses.  The chemistry posttest data and the net gain/loss between the 

pretest and posttest scores were tested for unbiased sampling.  The resultant plot of the 

data using a histogram (Figure 3.22) shows a reasonably normal distribution of scores 

around the mean.   

 

Figure 3.22  Histogram of Posttest Scores 
 

 Levene’s Test of Equality (SPSS, 2003; George, 2001) was conducted (Table 

3.20) to determine equal variance in the dependent variable as compared to each 

individual dependent variable (in this case, the posttest score).  The results indicate that 
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the variances within means of the treatment levels are not significantly different.  We can 

assume from this that our data is a valid set for analysis from our assumption of normality 

in the class sample.  As such, although we can now use the parametric process ANOVA 

for all statistical measurements, we chose to primarily use the nonparametric version 

called the Kruscal-Wallis test (George, 2001) which is more conservative (reporting 

significance if any with more confidence). 

 

Table 3.20  Levene’s Test on Posttest Scores 

Levene's Test of Equality of Error Variances a

Dependent Variable: Gain

.244 4 168 .913
F df1 df2 Sig.

Tests the null hypothesis that the error variance of
the dependent variable is equal across groups.

Design: Intercept+TotalTreatmentsa. 
 

 
 

 To confirm there was no initial difference in the treatment samples in terms of 

achievement ability, an analysis of pretest scores was performed.  Table 3.21 shows the 

mean of each treatment group, with the additional values for standard deviation, standard 

error, the 95 percent confidence interval (lower and upper bounds), and the range of mean 

scores (minimum and maximum). 
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Table 3.21  Distribution of Pretest Scores 

Descriptives: Pretest Scores by Initial Treatment Categories (5 Levels)

Chem Pretest

6 8.83 3.869 1.579 4.77 12.89 4 14
21 7.19 4.854 1.059 4.98 9.40 1 16
20 6.35 3.801 .850 4.57 8.13 1 14
22 7.50 4.564 .973 5.48 9.52 2 17

108 6.69 3.952 .380 5.93 7.44 1 17
177 6.88 4.110 .309 6.27 7.49 1 17

0%
<30%
30-49.9%
50-69.5%
70-100%
Total

N Mean SD
Std.
Error

Lower
Bound

Upper
Bound

95% Confidence
Interval for Mean

Min Max

 
 

 A test of homogeneity was conducted (Levene’s Statistic) which inspects the 

variance of all dependent variables for significance.  Significance values above 0.05 

indicate no significant difference in means.  Indeed, our results (Table 3.22) indicate no 

significant differences between all groups; therefore, an ANOVA was performed to 

determine whether significant differences exist between any two treatment groups (Table 

3.23).  The difference in mean scores by treatment groups was not significant; i.e., none 

of the groups started out with an advantage over another group.  We can assume from this 

result that the chemistry prior knowledge was not different between groups and all groups 

started the treatments with equal chances for achievement.  A graphical presentation of 

pretest score means by treatment level is shown in Figure 3.23.  The large dip in pretest 

scores among the P30-50 group (30-50 percent) is noteworthy.   
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Table 3.22  The results of Levene’s Test Performed on the Chemistry Pretest Scores 

Test of Homogeneity of Variances

Chem Pretest

1.132 4 172 .343

Levene
Statistic df1 df2 Sig.

 
 

 

 

 

Table 3.23  ANOVA: Pretest Scores by Initial Treatment Categories 

ANOVA

Chem Pretest

43.091 4 10.773 .633 .640
2929.418 172 17.031
2972.508 176

Between Groups
Within Groups
Total

Sum of
Squares df Mean Square F Sig.
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Figure 3.23  Graph of Pretest Scores by Initial Treatment Categories  
 

 We now compare the evaluated chemistry prior knowledge shown in the class (the 

chemistry pretest scores) and the self-reported prior knowledge collected during the 

initial class survey.  The 17 questions offered in the chemistry pretest address simple 

concepts expected to have been mastered in high school.  The self-reported survey 

responses concerning the grade level(s) at which chemistry was taken, coupled with the 

level of chemistry courses that were taken, however, appear to indicate there was no 

retention of this knowledge by students coming into the semester.  Whether we can 

assume from the low initial pretest scores that there is essentially little prior knowledge to 

contaminate the treatments or lecture is yet to be seen. 
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First Treatment Period: From Semester Start to Exam 1 

 

 As previously described, the period leading up to Exam 1 was free of embedded 

treatments, although the students were required to engage the lecture prep system (it was 

active the moment they completed the tutorial) during this treatment period.  Our purpose 

was to use this time to acclimate students to using the system to adjust the user web-

based interface, and to resolve any problems before the experimental treatments began.  

The lecture prep’s (during the period up to Exam 1) were informational in nature, but 

they displayed the same format and presentation scheme used throughout the remainder 

of the semester.  In this environment, a comparison of the Exam 1 scores by treatment 

level should produce the same general trends shown in the chemistry pretest scores if 

indeed the groups are not significantly different and the treatment levels would then be  

acceptable for analysis for their effects on the students. 

 Table 3.24 shows the means by treatment levels for Exam 1 scores.  A graphical 

representation is shown in Figure 3.24.  Again, note the large dip associated with the P30-

50 treatment group.   
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Table 3.24  Distribution of Exam 1 Scores 

Descriptives:  Exam 1 Scores by Initial Treatment Categories (5 Levels)

Exam 1 Percent Score

6 75.83 9.41439 3.84341 65.9535 85.7131 68.20 93.20
21 75.22 13.2312 2.88728 69.1963 81.2418 45.80 96.60
20 67.65 14.9183 3.33583 60.6680 74.6320 39.00 96.60
22 75.27 18.8881 4.02696 66.8982 83.6472 39.40 100.0

108 74.77 16.2021 1.55905 71.6797 77.8610 24.60 100.0
177 74.12 15.9382 1.19799 71.7532 76.4818 24.60 100.0

0%
<30%
30-49.9%
50-69.5%
70-100%
Total

N Mean SD
Std.
Error

Lower
Bound

Upper
Bound

95% Confidence
Interval for Mean

Min Max

 

 

 

Figure 3.24  Graph of Exam 1 Score Means by Treatment Categories  
 

 Levene’s test (Table 3.25) and ANOVA (Table 3.26) were performed.  The 

results indicate that there was a normal distribution of means and the differences between 
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them was not significant, nor were the means significantly different between groups.  

Again we conclude that there is no difference between the treatment groups in chemistry 

prior knowledge. 

 

 

Table 3.25  Levene’s Test on Exam 1 Scores 

Test of Homogeneity of Variances

Exam 1 Percent Score

1.744 4 172 .143

Levene
Statistic df1 df2 Sig.

 

 

Table 3.26  ANOVA on Exam 1 Scores by Treatment Categories  

ANOVA

Exam 1 Percent Score

955.111 4 238.778 .939 .443
43753.405 172 254.380
44708.516 176

Between Groups
Within Groups
Total

Sum of
Squares df Mean Square F Sig.

 

 We point out now that our data does not meet the requirements for parametric 

inferential statistical analysis  because of a violation of one of the assumptions for this 

type of analysis.  Specifically, parametric tests are accepted as valid if the following 

assumptions are met: 

• Each population must have equal distribution around the means. 

• Each population must have normal distribution of scores. 

• Each population must have approximately equal sample size. 
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• Each unique data point must be orthogonal. 

• Each sample must come from the same population. 

 Overall, our data complies with all but the equal sample size assumption.  Used 

alone, parametric tests may tend to show significance when none is present because of  

the disproportionate sample sizes.  Traditional parametric tests that rely on equal 

distributions can not be used as the primary inferential statistical technique.  Another 

branch of statistics, called nonparametric inferential statistics, addresses this issue.  Each 

test will be explained as it is used in the analyses that follow.   

 A final comment concerning the treatment groups.  The lower-participation 

groups (P0 to P50-70) are not at or above the traditionally minimum levels for educational 

analysis (i.e., an N >30).  Although this is an arbitrary N value established within the 

educational community, the bottom line is that “the class is what it is” and therefore we 

accept it as a reasonable representation of the students in traditional CHEM 301 classes 

and therefore this experiment.  Under that assumption, we find the data acceptable for 

continued analyses and discussions. 

 

Second Treatment Period: From Exam 1 to Exam 2 

 

 Students were grouped by the percentage of treatments attempted between Exam 

1 and Exam 2 as shown in Table 3.27 (Note: in the initial analysis above to show no 

sampling bias, the grouping factor was the percentage of treatments attempted in the 

semester).  A graphical representation is shown in Figure 3.25. 
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Table 3.27  Distribution of Exam 2 Scores 

Descriptives: Exam 2 Scores by Initial Treatment Categories (5 Levels)

Exam 2 Percent Score

17 69.1294 15.98545 3.8770 60.9105 77.3484 44.00 100.00
7 76.1429 17.43013 6.5880 60.0227 92.2630 45.00 100.00

10 69.5000 17.91492 5.6652 56.6844 82.3156 38.00 90.00
29 72.6414 13.80997 2.5644 67.3883 77.8944 36.00 95.00

113 76.3894 14.98060 1.4093 73.5971 79.1816 28.00 100.00
176 74.6693 15.21889 1.1472 72.4053 76.9334 28.00 100.00

0%
<30%
30-49.9%
50-69.5%
70-100%
Total

N Mean SD
Std.
Error

Lower
Bound

Upper
Bound

95% Confidence
Interval for Mean

Min Max

 

 

 

Figure 3.25  Graph of Exam 2 Score Means by Treatment Categories  

 

 Initially, we were intrigued by the pronounced peak in the P0-30 group (or, from a 

different point of view, the pronounced dip in the P30-50 group).  The most probable cause 

for this was the low number of students in the P0-30 group (n=7) coupled with their 
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impressively large mean score (76.14) compared to the class (74.67).  A close look at the 

composition of the groups would be more revealing.  We performed a cross tabulation 

analysis on the group composition versus grade received on Exam 2.  Our results (Table 

3.28) showed that the reason for the offsetting means could be attributed to a lack of 

participation by students who would become the A/B students, and a large participation 

by students who would become the D/F students.   

 

Table 3.28  Cross Tabulation of Exam 1 Grade versus Treatment Category  

Exam 2 Grade * Treatment Level: E1 to E2 (5 Levels) Crosstabulation

Count

2 1 1 2 23 29
4 2 3 9 26 44
2 2 2 7 33 46
4 1 2 6 18 31
5 1 2 5 13 26

17 7 10 29 113 176

A
B
C
D
F

Exam 2
Grade

Total

0% <30% 30-49.9% 50-69.5% 70-100%
Treatment Level: E1 to E2 (5 Levels)

Total

 

 

 Although ultimately we would like to see large participation rates in the P70-100 

group, it appears there is a period of acclimation which extends beyond that required 

during the initial lecture prep period (when all students received the same material from 

semester start to Exam 1).  In retrospect, this effect is most probably explained by the fact 

the material presented in the treatments was uniquely different from the information 

received during the initial training period.  Although students may have felt comfortable 

with the computer interface and presentation method before Exam 1, the treatment 

content itself was new to them and required additional effort to be learned or understood.  



 64

We base this assumption on a simple observation: for almost every student this is the 

beginning of the first semester in a large university and as such, most students are still 

trying to make all the new factors in their new academic environment fit together and 

become a little less overwhelming.  Again, although there was some initial computer 

work before the preview treatments started, the advent of treatments  placed before them 

(as new material) in a format not previously encountered undoubtedly required additional 

time for acclimation.  This different learning presentation may well have been 

intimidating at first, and may have been fought subconsciously, given the overwhelming 

nature of students today subscribing to the theory of instant gratification.  We must look 

to the Exam 3 data to confirm this hypothesis. 

 An ANOVA was performed (Table 3.29) which clearly shows no significant 

difference between the treatment groups.   

 

Table 3.29  ANOVA on Exam 2 Scores by Treatment Categories  

ANOVA

Exam 2 Percent Score

1257.744 4 314.436 1.369 .247
39274.810 171 229.677
40532.554 175

Between Groups
Within Groups
Total

Sum of
Squares df Mean Square F Sig.

 

 

 Our conclusion is that the effects of the prelecture treatment, if any, haven’t been 

realized yet and the learning/acclimation period is still in effect.   
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Third Treatment Period: From Exam 2 to Exam 3 

  

 For this exam period, we utilized two methods to evaluate the treatment effects.  

The first involved the number of treatments between Exam 2 and Exam 3 only (the 

specific effect), while the second involved the total treatments received from Exam 1 to 

Exam 3 (the cumulative effect). 

 The statistical tool used for these analyses is the Kruksal-Wallis test, which is the 

nonparametric version of the ANOVA and also a more conservative test.  Although this 

test shows a lower ability to find significance when it is truly there, it compensates for the 

unequal sample sizes of the groups.   Our earlier use of the ANOVA was justifiable by 

the resulting nonsignificance finding.  However, had significance been found, a Kruksal-

Wallis test would have been performed to correctly determine significance. 

 

Method One: Treatments from Exam 2 to Exam 3 

 Students were regrouped by the number of treatments attempted between Exam 2 

and Exam 3 as shown in Table 3.30.  A graphical representation of the distribution of the 

treatment level means is shown in Figure 3.26. 
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Table 3.30  Distribution of Exam 3 Scores 

Descriptives:  Exam 3 Scores by Initial Treatment Categories (5 Levels) (Method One)

Exam 3 Percent Score

17 67.7765 18.04022 4.3754 58.5010 77.0519 33.60 91.20
20 72.9600 17.24347 3.8558 64.8898 81.0302 43.20 100.8
12 77.6000 10.19947 2.9443 71.1196 84.0804 52.80 91.20
27 71.8222 16.33094 3.1429 65.3619 78.2825 33.60 96.00
97 79.4392 13.82014 1.4032 76.6538 82.2246 38.40 100.8

173 76.2277 15.29659 1.1630 73.9322 78.5233 33.60 100.8

0%
<30%
30-49.9%
50-69.5%
70-100%
Total

N Mean SD
Std.
Error

Lower
Bound

Upper
Bound

95% Confidence
Interval for Mean

Min Max

 

 

 

Figure 3.26  Graph of Exam 3 Score Means by Treatment Categories  
 

 A comparison of  ranked mean scores shows a marked difference between the treatment 

groups as shown in Table 3.31.   
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Table 3.31  Ranks of Mean Exam 3 Scores 

Ranks

17 67.24
20 81.05
12 89.58
29 71.12
99 99.51

177

Treatment Level:
E2 to E3 (5
0%
<30%
30-49.9%
50-69.5%
70-100%
Total

Exam 3 Score
N

Mean
Rank

 

 The Kruskal-Wallis test statistic in Table 3.32 clearly indicates a significant 

difference (p = 0.023) between treatment levels. 

 

 

Table 3.32  Statistical Outcome of Exam 3 Ranked Scores 

Test Statisticsa,b

11.374
4

.023

Chi-Square
df
Asymp. Sig.

Exam 3
Percent Score

Kruskal Wallis Testa. 

Grouping Variable: Treatment Level: E2 to E3 (5 Levels)b. 
 

 The significant interaction in Table 3.34 indicates that one or more interactions 

between groups is significant, but gives no indication of the degree of significance or 

where the significance may lie.  One drawback to using nonparametric tests is the 

inability to perform a post hoc2 analysis to discern significant interactions between 

                                                 
2 A post hoc analysis is performed after an analysis of variance to determine which, if any, treatment levels 
were significantly different.  The null hypothesis states that the treatment levels are not different; however 
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groups.  The solution to this problem is to conduct a series of contrast tests3 (specific 

pairings) to determine significance.  In this analysis, all possible group interactions were 

tested (Table 3.33).   

 

 

Table 3.33  Contrast Coefficient Table for Exam 3 Scores by Treatment Levels 

Contrast Coefficients

1 -1 0 0 0
1 0 -1 0 0
1 0 0 -1 0
1 0 0 0 -1
0 1 -1 0 0
0 1 0 -1 0
0 1 0 0 -1
0 0 1 -1 0
0 0 1 0 -1
0 0 0 1 -1

Contrast
1
2
3
4
5
6
7
8
9
10

0% <30% 30-49.9% 50-69.5% 70-100%
Treatment Level: E2 to E3 (5 Levels)

 

                                                                                                                                                 
in our results here, the showing of significance indicates that some interaction occurred.  Post hoc analyses 
can indicate which levels were significantly different.  The assumptions for a post hoc are that we reject the 
null hypothesis and there must be 3 or more treatment levels.  A side effect of post hoc analysis is that with 
increasing numbers of comparisons (due to increased levels of treatment), the risk of a Type I error 
accumulates (finding significance when none is there).  With nonparametric tests, a post hoc analysis (if 
needed) is performed by a series of contrast tests (paired t-test’s). 
3  A contrast test compares one level of a variable with another by means of a t-test.  The results are 
reported assuming both equal and unequal variance.  The final determination is made by a Chi-Square 
analysis.  To read the table, the coefficients indicate which groups are being compared.  The level coded 
with a -1 is compared to the level designated 1.  The level coded with a 0 is not considered in the analysis. 
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Table 3.34  Contrast Test Results on Exam 3 Scores by Treatment Levels 

Contrast Tests

-5.1835 4.91350 -1.055 168 .293
-9.8235 5.61582 -1.749 168 .082
-4.0458 4.61158 -.877 168 .382

-11.6627 3.91626 -2.978 168 .003
-4.6400 5.43875 -.853 168 .395
1.1378 4.39422 .259 168 .796

-6.4792 3.65781 -1.771 168 .078
5.7778 5.16760 1.118 168 .265

-1.8392 4.55791 -.404 168 .687
-7.6170 3.24095 -2.350 168 .020
-5.1835 5.83189 -.889 33.491 .380
-9.8235 5.27382 -1.863 26.013 .074
-4.0458 5.38719 -.751 31.594 .458

-11.6627 4.59490 -2.538 19.426 .020
-4.6400 4.85139 -.956 30.000 .347
1.1378 4.97440 .229 39.797 .820

-6.4792 4.10316 -1.579 24.282 .127
5.7778 4.30661 1.342 32.498 .189

-1.8392 3.26161 -.564 16.467 .580
-7.6170 3.44192 -2.213 37.001 .033

Contrast
1
2
3
4
5
6
7
8
9
10
1
2
3
4
5
6
7
8
9
10

Assume equal variances

Does not assume equal
variances

Exam 3 Percent Score

Value of
Contrast Std. Error t df Sig. (2-tailed)

 

 

The following reflects observations on all significant and marginally significant findings 

shown in Table 3.34: 

• Contrast 2: marginally significant (between the P0 and P30-50 treatment groups) 

• Contrast 4: significant (between the P0 and P70-100 treatment groups) 

• Contrast 7: marginally significant (between the P0-30 and P70-100 treatment groups)  

• Contrast 10: significant (between the P50-70 and P70-100 treatment groups)  

 

A cross tabulation analysis of Exam 3 grades and treatment levels (Table 3.35) revealed a 

strong increase in the P0-30 group (from 7 to 20) and a decrease in the P70-100 group 

participation (from 113 to 97).  The number of students receiving A’s and B’s in the P70-



 70

100 group remained about the same as obtained from an analysis of the Exam 1 data while 

at the same time the number of D’s and F’s in the same group was reduced dramatically.  

This all occurred with essentially no change in the composition of the P0 group.  This 

result also suggests those students who elected not to participate in the treatments at the 

beginning 

 

Table 3.35  Cross Tabulation of Exam 3 Scores and Treatment Category  

Exam 3 Grade * Treatment Level: E2 to E3 (5 Levels) Crosstabulation

Count

1 4 1 4 25 35
5 4 5 6 35 55
4 4 4 7 17 36
2 3 1 3 9 18
5 5 1 7 11 29

17 20 12 27 97 173

A
B
C
D
F

Exam 3
Grade

Total

0% <30% 30-49.9% 50-69.5% 70-100%
Treatment Level: E2 to E3 (5 Levels)

Total

 
 
 
of the lecture prep’s continued to be nonparticipants.  It is also evident from the more 

uniform distribution across the P0 to P50-70 levels that students are finding their 

participation ‘comfort zone.’  Concurrently, the large increase of A’s and B’s suggest the 

treatments are working.  We can account for the significance in two ways: 

• students are beginning to understand how the treatments work and are better able 

to understand the material and apply it; or,  
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• C/D/F students are over their delusional period of instant gratification and have 

unfortunately started to slack off in participation, thus making the middle 

treatment levels larger. 

  

 We conclude that students who remain in the P50-70 treatment level receive the 

most benefit as shown on their performance on Exam 3. 

 

Method Two: Considering all treatments given thus far (cumulative treatments) 

 Students were reassigned to groups based on the percentage of treatments 

attempted between Exam 1 and Exam 3 as shown in Table 3.36.  A graphical 

representation is shown in Figure 3.27. 

 

 

Table 3.36  Distribution of Exam 3 Scores 

Descriptives:  Exam 3 Scores by Initial Treatment Categories (5 Levels) (Method Two)

Exam 3 Percent Score

12 65.2167 20.11647 5.8071 52.4353 77.998 33.60 91.20
18 75.2000 15.44447 3.6403 67.5196 82.880 43.20 100.80
16 74.4000 14.66424 3.6661 66.5860 82.214 43.20 91.20
26 72.3692 16.56789 3.2492 65.6773 79.061 33.60 100.80

101 79.0020 13.76928 1.3701 76.2838 81.720 38.40 100.80
173 76.2277 15.29659 1.1630 73.9322 78.523 33.60 100.80

0%
<30%
30-49.9%
50-69.5%
70-100%
Total

N Mean SD
Std.
Error

Lower
Bound

Upper
Bound

95% Confidence
Interval for Mean

Min Max
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Figure 3.27  Graph of Exam 3 Score Means by Treatment Categories  

 
 

There is a marked difference between the treatment groups based on mean rank scores as 

shown in Table 3.37.   

 
 

Table 3.37  Ranks of Mean Exam 3 Scores 

Ranks

12 59.71
18 81.44
16 79.94
26 74.04

101 95.69
173

Treatment Level:
E1 to E3 (5 Levels)
0%
<30%
30-49.9%
50-69.5%
70-100%
Total

Exam 3 Percent Score
N

Mean
Rank

 

 The Kruskal-Wallis test results shown in Table 3.38 indicate marginally 

significant difference (p = 0.061) between treatment levels. 
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Table 3.38  Statistical Outcome of Exam 3 Ranked Scores 

Test Statisticsa,b

8.991
4

.061

Chi-Square
df
Asymp. Sig.

Exam 3
Percent Score

Kruskal Wallis Testa. 

Grouping Variable: Treatment Level: E1 to E3 (5 Levels)b. 
 

 The significant interaction in Table 3.38 is not unanticipated as one might 

imagine.  We originally thought the treatments in the Exam 1 to Exam 2 period as 

ineffective.  That was indeed true as shown with the Exam 2 scores but they apparently 

built upon the material presented between Exam 2 and Exam 3.  The finding of 

significance by treatments between Exam 2 and Exam 3 alone confirms that conclusion.  

The additional structure provided by the treatments prior to Exam 2 simply provided a 

foundation for the material before Exam 3.  The net result is that the effects of the 

treatments between Exam 2 and Exam 3 are significant; however, these treatments could 

not make up for the participation distribution shown for the Exam 1 to Exam 2 period 

causing the striking nonsignificant overall finding.  A possible reason for this could be 

the transition from algebraic subject matter to conceptual subject matter in this period 

(specifically, stoichiometry calculations in Exam 1 to molecular modeling in Exam 2.  

See Appendix H.) 

 A post hoc analysis by contrast test was conducted as outlined in Table 3.39. 
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Table 3.39  Contrast Coefficient Table for Exam 3 Scores by Treatment Levels 

Contrast Coefficients

1 -1 0 0 0
1 0 -1 0 0
1 0 0 -1 0
1 0 0 0 -1
0 1 -1 0 0
0 1 0 -1 0
0 1 0 0 -1
0 0 1 -1 0
0 0 1 0 -1
0 0 0 1 -1

Contrast
1
2
3
4
5
6
7
8
9
10

0% <30% 30-49.9% 50-69.5% 70-100%
Treatment Level: E1 to E3 (5 Levels)

 
 

Table 3.40  Contrast Test Results on Exam 3 Scores by Treatment Levels 

Contrast Tests

-9.9833 5.57193 -1.792 168 .075
-9.1833 5.70953 -1.608 168 .110
-7.1526 5.21779 -1.371 168 .172

-13.7853 4.56520 -3.020 168 .003
.8000 5.13707 .156 168 .876

2.8308 4.58432 .617 168 .538
-3.8020 3.82515 -.994 168 .322
2.0308 4.75062 .427 168 .670

-4.6020 4.02295 -1.144 168 .254
-6.6327 3.28796 -2.017 168 .045
-9.9833 6.85379 -1.457 19.405 .161
-9.1833 6.86751 -1.337 19.271 .197
-7.1526 6.65434 -1.075 18.182 .296

-13.7853 5.96656 -2.310 12.255 .039
.8000 5.16641 .155 31.845 .878

2.8308 4.87947 .580 38.333 .565
-3.8020 3.88959 -.977 22.082 .339
2.0308 4.89872 .415 34.900 .681

-4.6020 3.91371 -1.176 19.426 .254
-6.6327 3.52628 -1.881 34.409 .068

Contrast
1
2
3
4
5
6
7
8
9
10
1
2
3
4
5
6
7
8
9
10

Assume equal variances

Does not assume equal
variances

Exam 3 Percent Score

Value of
Contrast Std. Error t df Sig. (2-tailed)

 

The following conclusions reflect observations on all the significant and marginally 

significant findings shown in Table 3.40: 

• Contrast 4: significant (between the P0 and P70-100 treatment groups) 

• Contrast 10: marginally significant (between the P50-70 and P70-100 treatment 

groups)  
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A cross tabulation analysis of Exam 3 grades and treatment levels (Table 3.41) revealed 

no difference in distribution as shown in the Method One analysis (vida supra) except for 

one small area, namely the number of nonparticipants dropped by 5 students (from 17 to 

12) and they are reflected in higher grades (from 10 A/B/C’s to 6).  Although not a 

significant event in itself, it does show the continuing trend for increased participation for 

whatever reason.  

 

Table 3.41  Cross Tabulation of Exam 3 Scores and Treatment Category  

Exam 3 Grade * Treatment Level: E1 to E3 (5 Levels) Crosstabulation

Count

1 3 2 3 26 35
3 5 6 7 34 55
2 5 3 7 19 36
2 1 2 3 10 18
4 4 3 6 12 29

12 18 16 26 101 173

A
B
C
D
F

Exam 3
Grade

Total

0% <30% 30-49.9% 50-69.5% 70-100%
Treatment Level: E1 to E3 (5 Levels)

Total

 

 

 We can conclude in this cumulative analysis that although students who remain in 

the P50-70 treatment level receive the most benefit as shown on their performance on 

Exam 3, all treatment levels show some benefit except for those in the P0 (nonparticipant) 

level as one would suspect.  As mentioned earlier, we speculate that the period for 

acclimation may have ended in this exam period and the full effects of the treatments are 

being realized for those fully participating. 
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Fourth Treatment Period: From Exam 3 to the Final Exam 

 

 We continued to inspect the two types of treatment possibilities (specific and 

cumulative) in this period. 

 

Method One: Considering only treatments between exams. 

 Students were regrouped by the percentage of treatments attempted between 

Exam 3 and the Final Exam as shown in Table 3.42.  A graphical representation is shown 

in Figure 3.28. 

 

Table 3.42  Distribution of Final Exam Scores 

Descriptives:  Final Exam Scores by Initial Treatment Categories (5 Levels) (Method One)

Final Exam Percent Score

16 74.1125 13.85929 3.465 66.7274 81.4976 47.40 92.80
31 69.8323 15.58462 2.799 64.1158 75.5487 38.20 98.00

7 65.6857 15.08503 5.702 51.7344 79.6370 44.20 87.00
28 78.8000 11.30375 2.136 74.4169 83.1831 51.80 96.60
95 79.5095 14.18050 1.455 76.6208 82.3982 24.60 98.00

177 76.6678 14.53378 1.092 74.5119 78.8237 24.60 98.00

0%
<30%
30-49.9%
50-69.5%
70-100%
Total

N Mean SD
Std.
Error

Lower
Bound

Upper
Bound

95% Confidence
Interval for Mean

Min Max
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Figure 3.28  Graph of Final Exam Score Means by Treatment Categories  
 
 

There is a drastic difference between the treatment groups based on mean rank scores as 

shown in Table 3.43.   

 

Table 3.43  Ranks of Mean Final Exam Scores 

Ranks

16 78.38
31 65.56

7 49.79
28 92.89
95 100.2

177

Treatment Level: E3 to
Final Exam (5 Levels)
0%
<30%
30-49.9%
50-69.5%
70-100%
Total

Final Exam Percent Score
N

Mean
Rank

 

 The Kruskal-Wallis test statistic in Table 3.44 clearly indicates a significant 

difference (p = 0.003) between treatment levels. 
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Table 3.44  Statistical Outcome of Final Exam Ranked Scores 

Test Statistics a,b

15.959
4

.003

Chi-Square
df
Asymp. Sig.

Final Exam
Percent Score

Kruskal Wallis Testa. 

Grouping Variable: Treatment
Level: E3 to Final Exam (5 Levels)

b. 

 

 

 The significant interaction shown above is as we expected from the Exam 3 

scores.  The treatments between exams are having an effect on outcomes.   

 A post hoc analysis by contrast test was conducted as detailed in Table 3.45. 

 
 

Table 3.45  Contrast Coefficient Table for Final Exam Scores by Treatment Levels 

Contrast Coefficients

1 -1 0 0 0
1 0 -1 0 0
1 0 0 -1 0
1 0 0 0 -1
0 1 -1 0 0
0 1 0 -1 0
0 1 0 0 -1
0 0 1 -1 0
0 0 1 0 -1
0 0 0 1 -1

Contrast
1
2
3
4
5
6
7
8
9
10

0% <30% 30-49.9% 50-69.5% 70-100%
Treatment Level: E3 to Final Exam (5 Levels)
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Table 3.46  Contrast Test Results on Final Exam Scores by Treatment Levels 
Contrast Tests

4.2802 4.32064 .991 172 .323
8.4268 6.36055 1.325 172 .187

-4.6875 4.39873 -1.066 172 .288
-5.3970 3.79297 -1.423 172 .157
4.1465 5.87356 .706 172 .481

-8.9677 3.65937 -2.451 172 .015
-9.6772 2.90324 -3.333 172 .001

-13.1143 5.93124 -2.211 172 .028
-13.8238 5.49704 -2.515 172 .013

-.7095 3.01822 -.235 172 .814
4.2802 4.45419 .961 33.775 .343
8.4268 6.67183 1.263 10.668 .233

-4.6875 4.07043 -1.152 26.448 .260
-5.3970 3.75788 -1.436 20.653 .166
4.1465 6.35163 .653 9.135 .530

-8.9677 3.52111 -2.547 54.559 .014
-9.6772 3.15461 -3.068 47.298 .004

-13.1143 6.08865 -2.154 7.769 .064
-13.8238 5.88430 -2.349 6.805 .052

-.7095 2.58459 -.275 54.489 .785

Contrast
1
2
3
4
5
6
7
8
9
10
1
2
3
4
5
6
7
8
9
10

Assume equal variances

Does not assume equal
variances

Final Exam Percent Score

Value of
Contrast Std. Error t df Sig. (2-tailed)

 

 

The following reflects observations on all significant and marginally significant findings 

shown in Table 3.46: 

• Contrast 6: significant (between the P0-30 and P50-70 treatment groups) 

• Contrast 7: significant (between the P0-30 and P70-100 treatment groups) 

• Contrast 8: marginally significant (between the P30-50 and P50-70 treatment groups) 

• Contrast 9: marginally significant (between the P30-50 and P70-100 treatment groups)  

 

 The apparent difference between the two highest groups (P30-50 and P50-70) and the 

next two groups (P0-30 and P30-50) led us to perform a composite contrast test.  Groups P50-
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70 and P70-100 would be compared with groups P0-30 and P30-50.  The contrast matrix 

appears in Table 3.47. 

 

 

Table 3.47 Composite Contrast Coefficient Table 

Contrast Coefficients

0 1 1 -1 -1
Contrast
1

0% <30% 30-49.9% 50-69.5% 70-100%
Treatment Level: E3 to Final Exam (5 Levels)

 

 

Table 3.48 Composite Contrast Results 

Contrast Tests

-22.7915 6.60367 -3.451 172 .001
-22.7915 6.85735 -3.324 12.353 .006

Contrast
1
1

Assume equal variances
Does not assume equal

i

Final Exam Percent Score

Value of
Contrast Std. Error t df Sig. (2-tailed)

 

 

 The results in Table 3.48 are clearly  significant, indicating that the minimum 

time to be in the treatments to be beneficial in respect to performance on the Final Exam 

is 50 percent.  Also, the data indicates that in mean scores, the students who stayed in the 

P70-100 group realized the most benefit from the program.   

 

Method Two: All treatments given thus far. 

 Students were regrouped by the percentage of treatments attempted between 

Exam 1 and the Final Exam as shown in Table 3.49  A graphical representation is shown 

in Figure 3.29. 
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Table 3.49  Distribution of Final Exam Scores 

Descriptives:  Final Exam Scores by Initial Treatment Categories (5 Levels) (Method Two)

Final Exam Percent Score

6 65.600 17.2232 7.03136 47.525 83.675 47.40 88.60
21 73.581 14.4146 3.14552 67.020 80.142 45.80 98.00
20 72.340 10.2053 2.28197 67.564 77.116 48.40 85.80
22 75.282 15.3811 3.27926 68.462 82.101 44.20 96.60

108 78.967 14.5551 1.40057 76.190 81.743 24.60 98.00
177 76.668 14.5338 1.09243 74.512 78.824 24.60 98.00

0%
<30%
30-49.9%
50-69.5%
70-100%
Total

N Mean SD
Std.
Error

Lower
Bound

Upper
Bound

95% Confidence
Interval for Mean

Min Max

 

 

 

Figure 3.29  Graph of Final Exam Scores by Treatment Categories  
 

 

There is a difference between the treatment groups based on mean rank scores as shown 

in Table 3.50.   
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Table 3.50  Ranks of Mean Final Exam Scores 

Ranks

6 54.17
21 76.29
20 67.38
22 84.27

108 98.38
177

Treatment Level:
Complete Semester
0%
<30%
30-49.9%
50-69.5%
70-100%
Total

Final Exam Percent Score
N

Mean
Rank

 

 

 The Kruskal-Wallis test statistic in Table 3.51 indicates a significant difference (p 

= 0.022) between treatment levels. 

 

Table 3.51  Statistical Outcome of Final Exam Ranked Scores 

Test Statisticsa,b

11.433
4

.022

Chi-Square
df
Asymp. Sig.

Final Exam
Percent Score

Kruskal Wallis Testa. 

Grouping Variable: Treatment Level:
Complete Semester (5 Levels)

b. 

 

 

 As reflected in the Method One results (vida supra), the significant interaction in 

Table 3.51 indicates that the treatments between exams are having an effect on outcomes.   

 A post hoc analysis by contrast test was conducted as detailed in Table 3.52. 
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Table 3.52  Contrast Coefficient Table for Final Exam Scores by Treatment Levels 

Contrast Coefficients

1 -1 0 0 0
1 0 -1 0 0
1 0 0 -1 0
1 0 0 0 -1
0 1 -1 0 0
0 1 0 -1 0
0 1 0 0 -1
0 0 1 -1 0
0 0 1 0 -1
0 0 0 1 -1

Contrast
1
2
3
4
5
6
7
8
9
10

0% <30% 30-49.9% 50-69.5% 70-100%
Treatment Level: E1 to Final Exam (5 Levels)

 
 

Table 3.53  Contrast Test Results on Final Exam Scores by Treatment Levels 

Contrast Tests

-7.9810 6.62729 -1.204 172 .230
-6.7400 6.66401 -1.011 172 .313
-9.6818 6.59374 -1.468 172 .144

-13.3667 6.00488 -2.226 172 .027
1.2410 4.47308 .277 172 .782

-1.7009 4.36770 -.389 172 .697
-5.3857 3.41439 -1.577 172 .117
-2.9418 4.42321 -.665 172 .507
-6.6267 3.48512 -1.901 172 .059
-3.6848 3.34879 -1.100 172 .273
-7.9810 7.70287 -1.036 7.130 .334
-6.7400 7.39239 -.912 6.091 .397
-9.6818 7.75845 -1.248 7.329 .250

-13.3667 7.16949 -1.864 5.404 .117
1.2410 3.88609 .319 36.074 .751

-1.7009 4.54399 -.374 40.988 .710
-5.3857 3.44323 -1.564 28.507 .129
-2.9418 3.99511 -.736 36.740 .466
-6.6267 2.67750 -2.475 35.125 .018
-3.6848 3.56583 -1.033 29.170 .310

Contrast
1
2
3
4
5
6
7
8
9
10
1
2
3
4
5
6
7
8
9
10

Assume equal variances

Does not assume equal
variances

Final Exam Percent Score

Value of
Contrast Std. Error t df Sig. (2-tailed)

 

The following reflects observations on all significant and marginally significant findings  

shown in Table 3.53: 

• Contrast 9: significant (between the P30-50 and P70-100 treatment groups) 
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 Overall, the treatment interactions are significant within the exam period but not 

significant from the point of view of a cumulative effect.  Again, we believe the answer 

can be found within the order that the specific content was taught during this period.  

This conclusion is addressed in the next chapter. 
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CHAPTER 4 

Reflections 

 

 

THE PROBLEM REVISITED 

 The average incoming freshman is ill prepared for what is ahead of them when 

they take general chemistry.  The institution itself is not responsible for students’ poor 

preparation nor is it responsible for providing remediation for material that should have 

been learned.  The responsibility of any institution to provide remediation is 

philosophically derived from the nature of the institution, e.g., whether it is a research 

institution or has primary responsibility for teaching, as in a two-year college.  However, 

when the components of the solution to this problem can be integrated into the course 

itself without specific external resources required, failure by an institution to do so is a 

waste of human resources, and indeed, more importantly, unnecessary.  To this end, the 

following questions are addressed: 

1. Is there a statistically significant difference in achievement between groups of 

students who use the preview strategies described here in general chemistry 

courses? 
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2. Is there a participation level (minimum number of treatments) that best enables 

students to achieve success (defined as grades of ‘C,’ ‘B,’ or ‘A’) in the general 

chemistry courses?  

3. Is there a significant difference among the different participation levels with 

respect to the following non-cognitive attributes: motivation, academic ability, 

prior knowledge in chemistry, prior knowledge in mathematics, and formal 

operational level?  

Questions 1 and 2 are addressed by the results of Experiments I - III.  Question 3 is 

addressed below. 

 The preview system (lecture prep’s) was designed to investigate whether pre-

exposure to lecture material would lead to better preparation for lecture and subsequently 

higher final course assessment.  From the data obtained from Experiments I thru III, we 

conclude that, indeed, there is an increase in overall course points for those who 

participated in the lecture prep’s, but more specifically, increased performance on certain 

exam periods.  For example, there was significance by treatment level on Exams 2 and 3, 

but it wasn’t always for the same student.  This conclusion is illustrated in the 

significance for each exam period but only marginal significance for the semester as a 

whole.  These results, however,  come with a caveat; the number of participations is 

highly correlated with higher course scores.  Taken alone, this conclusion seems to be a 

‘time on task’ conclusion.  We can dismiss that relationship on basis of the time-frame 

involved with the treatments themselves, namely, less than five minutes for each 

treatment.  . 
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Summary of Results 

Based on our study, the preview system was an effective, well received program that 

requires little instructor effort to maintain and does not utilize or commit external 

resources.  It is can be manipulated by the instructor from any internet accessible 

computer as easily as it is accessible by students – at any time and any place of their 

choosing.  If additional consideration is given to tailoring the treatments based on class 

demographics, it can be an easy, yet powerful addition to CHEM 301.  It is for this reason 

that the supplemental preparatory program presented or “described” here has a great 

potential for success. 

  

ADDITIONAL CONCERNS 

 

Treatments versus Study Skills 

 What we cannot account for in our results is the difference that treatments may 

have caused to a student aquiring a study routine, better defined as a  regular review of 

material that comes from fulfilling the requirement to read the preview material; such 

students may have done better in the course not because of the preview treatments 

themselves but because they spent more time studying as a result of doing the previews – 

essentially a time on task argument. 
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A’s are A’s and F’s are F’s 

 While we did expect those that participated in the treatments to do better than 

those that did not, our results may have been tainted by the fact that “A” students appear 

to participate in all programs put before them and “F” students habitually do not (or when 

they do, it isn’t with the same energy that “A” students provide).  As a result, the middle 

group of students, high B to low D, may benefit most as they have the greatest 

grade/score range for improvement.   

 

Problem Solving Ability 

 Another area that is related to this research is the effect of classifying students by 

their conceptual (C) and algorithmic (A) abilities – high (H) or low (L) – as follows: 

HA/HC, HA/LC, LA/HC, and LA/LC (Nakhleh, 1993; Mason, 1994).  This richer 

definition of abilities extends beyond the scale of thinking ability alone (as indicated by 

the GALT) and should allow for an investigation into broader lecture and problem types.  

The chemistry content in CHEM 301 vacillates markedly between the two forms of 

abilities, pure problem solving (i.e., stoichiometry) and pure abstraction (i.e., 

hybridization of orbitals).  It is easy to imagine that a student with high abilities in both 

areas should do better in such a course than someone with low abilities.  The preview 

system can deliver specific content correlated with student ability-level, providing 

unique, personal treatments to students in a form that gives the students the greatest 

chance for success.  A lecture or recitation system alone cannot provide this 

individualized attention.   
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Professor Influence on Work 

 This investigation relied heavily on instructors not teaching what was in the 

lecture preps.  However, both instructors used in this study were new to teaching and 

several oversights in this regard were observed.  We admit that it is quite difficult to not 

want to help students when they look like they are struggling, but it is also difficult to 

appease them now and then watch them fail in another class because we did the work for 

them now for our own instant gratification as a good teacher.   

 

Enriching the Experience with Feedback 

 The addition of mastery quizzes at the end of each treatment, like the approach 

described for JiTT, could be invaluable in both immediate feedback to the student and an 

indicator to the instructor of just where the class is on any concept/topic.  If we take this 

idea one step further, a layering process could be used to catch additional issues, such as 

students being lost in the very large lecture environment (what has been called “falling 

through the cracks”) or evacuating certain mundane issues to the web site to free up 

additional lecture time (such as material in the first few chapters: definitions, significant 

figures, scientific notation, how to use a calculator, etc).  It could then be reviewed later 

before major topics that use those prerequisite skills (such as before the chapter on gas 

laws, a review of how to do algebraic manipulations; or, before titrations, a review of 

acids/bases). 
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Suggestions for Future Research 

 Many more questions were generated than addressed in this study.  Those most 

important include: 

 a)  The need to address whether a student benefits from an action itself and not the 

content.  As described above, we simply do not know if the requirement for performing 

the lecture prep’s for some student’s was nothing more than a ‘unintentional but forced’ 

study program.  In other words, was it the lecture prep’s or the additional opportunity for 

study that caused the increase in scores?  Additional qualitative research will need to be 

done to determine which is significant: either alone or in combination.   

(b)  In the preview system, no distinction was made of the material presented, other 

than it was provided by the instructor as it related to the current lecture.  This observation 

suggests two areas for further research.   

• First, the idea of an encompassing ‘super treatment’ (a combination of relevant 

review items coupled with advance organizer like preview items) should be 

explored.  Additionally, the material presented needs a strong correlation with 

instructor lectures and must reflect both the formal and concrete learning abilities.  

Ideally, exploring the gap shown in Figure 1.3 as a means of ‘dumbing up’ the 

lecture would be worthy of future research. 

• The second is the treatment itself as a time management/study habit aid.  It is 

entirely possible that the preview treatment itself had absolutely no effect on 

assessment other than getting students to study or accomplish course specific 

tasks in the first place.  For example, a student may not have gained anything out 
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of the treatments, but while performing it with an open book, they were tempted 

at that time to do their homework or validate a lecture problem or review their 

lecture notes; did the preview system provide that time management aid towards 

success in the course? 

 c)  The intrinsic motivation and false participation needs to be addressed.  If A-

level students participate just because they are A students, is there any benefit to them?  

Our first impression is no if we consider that our only goal is lecture preparation.  

However, with specifically tailored materials correlated to the needs and challenges of 

higher achieving students, we can essentially ‘dumb up’ by carefully choosing what each 

student receives in their lecture prep.  For example, if a student is an engineering major, 

the examples and cues in the lecture preps could be engineering-themed or -based.  

Coupled with diagnostic tools and earlier exam scores, a series of higher order skills 

could then be delivered to prevent boredom and provide a challenge.  This area is 

definitely worthy of additional research, especially in the extremely large lecture 

classroom. 

 d)  Problem solving ability (both for higher order/abstract problems and 

algorithmic/concrete problems) of students is a serious concern in the large lecture 

classroom.  Professors teach in many styles and may not know that they are setting up 

students for failure.  For example, a course that is taught in a conceptual style and then 

assessed algorithmically will produce unwanted effects in the form of low grades.  How 

can this be?  Because the conceptual understanding of a topic cannot be transferred to a 

calculator without severe difficulty.  Even more pronounced is the concrete approach in 
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which problem, after problem, after problem worked, is followed by a conceptual test.  

This result is even more disastrous (after all, there is no ‘why’ button on a calculator).  

Therefore, can we overcome problem solving shortfalls with a series of lecture prep’s?  

This would be an area worth additional research. 

 e)  the issue of gender cannot be overlooked, both from the standpoint of the 

professor’s gender and that of the student.  Future work should address a course that is 

consistent within one of the concepts – algorithmic or conceptual – and its effect by type 

of treatment structure – textual, illustrative, or mixed AND algorithmic, conceptual, or 

both.  This will not be an easy task, given most professor’s desires to teach as they were 

taught.  Coupling this with (and not unlike the freshmen they teach) a tendency of faculty 

to take the path of least resistance, provides an environment in which change is difficult 

to come by.  Therefore, additional research is warranted in these areas: 

• The effect of instructor’s gender on both participation and outcome 

• The modification of delivery content based on instructor gender 

 f)  Population differences by semester need a closer look.  The capabilities and 

make-up of the three semesters we studied suggests that they not be taught the same way 

if the equivalent outcomes are expected.  Additional work is needed to identify the 

differences and account for the shortcomings. 

 g)  Accounting for the professor in subconsciously counterbalancing the effects of 

the lecture prep’s should be addressed.  A novice instructor has too many other distracters 

which may affect the outcome of treatments.  Repeating the work with an experienced 

instructor teaching two sections in the same semester would account for this variable. 
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 h)  The most challenging area for future research will be tailoring the treatments 

to the individual needs of the student.  Although a difficult task, it would be most 

rewarding in that it would account for unique differences and alert teaching staff to those 

students that may very well “fall through the cracks” and be lost to science, which could 

be avoided.  It also may provide higher retention rates, higher course participation rates, 

and greater success in subsequent courses.  Additional research is definitely indicated 

here. 

 

Final Comments 

 There are many questions about student lecture preparation that need to be 

explored.  This research was an attempt to address one of them.  The apparent depth and 

type of student in our classrooms today cannot be addressed with one generic solution or 

teaching style.  When we couple this with a professor responsible for 500 students, it is 

obvious that the task is daunting unless we allow the computer, which can tailor the 

delivery of materials to an individual’s unique requirements, to become the 

supplementary support in lecture preparation.   
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APPENDIX A 

Web Page Tutorial 

 

 

The tutorial, required by each student and given a token amount of bonus points upon 

completion, outlined the general aspects of the course and all expectations.  This tutorial 

was developed as a “preview” process to substitute for the classic requirement to “read 

and understand the course syllabus.”  The tutorial consists of seven sequential steps 

designed such that, once completed, everything the student needed to get started in the 

course and to become familiar with the course components had been reviewed or 

performed, thereby placing the student where we needed them to be to fulfill the 

administrative course requirements.  The seven steps were:  

• Introduction: a ‘welcome to the semester’ note from the professor. 

• Email requirements: informed them that this was an email required course with 

directions on how to get a free email account if they didn’t already have one. 

• Class Email Program:  a class-wide bulk email program we used to send one 

message to all students. 

• Data collection:  demographics (Appendix F), GALT (Appendix C), and 

chemistry pre-test (Appendix D) data were administered and scored/collected on-

line. 

• Homework System:  an introduction to the Natural Sciences Homework System. 
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• Syllabus:  brief overview of the syllabus with link to an expanded version. 

• Exams and Grades:  the grading and exam schedule was explained. 
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Appendix B 

Computer Model and Scripts 

 

 
Overview 

Contained here are the primary scripts used in web page generation, data 

collection, and content upload.  Proprietary data (specific student information) and 

programs are not included.  Interested parties may contact the author for additional 

information regarding access. 

 

The Computer Model 

 These scripts are written in PERL ( Reporting Language) and run on Unix 

platforms.  With slight modifications, they can run on Windows and Linux platforms as 

well.  All scripts were uploaded and run uncompiled.  All data was collected in text files 

for ease in transfers, spreadsheet use, and parsing by other PERL scripts. 

 The system was composed of two interfaced mechanisms.  The first was accessed 

by the student through the course web page as Lecture Preps.  Access was password 

controlled and unique to each student so their participation could be documented.  The 

second was accessed by the instructor/TA through a hidden web page, also password 

controlled.  From this admin page, any treatment could be generated, archived, or 

changed (including graphics). 
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 The scripts are in Adobe Acrobat format and are on the CD version of this 

dissertation or available from the author (address on the Vitae).  They may be found in 

the folder titled “PERL_Scripts” and are for the Fall semester’s work.  The programs are 

saved under two sub-headings: 

• Main Programs 

• Administration and Maintenance Routines 
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Appendix C 

The Group Assessment of Logical Thinking (GALT) 

 
Group Assessment of Logical Thinking 

 
(NOTE: There are many graphics. Be patient while it loads!)  

 
Please mark the best answer for the following questions.  

Item 1 
Piece of Clay  
Tom has two balls of clay. 
They are the same size and 
shape. When he places 
them on the balance, they 
weigh the same. 

   

   
 

The balls of clay are 
removed from the balance 
pans. Clay 2 is flattened 
like a pancake.  

 

Which of these statements is 
true? 

 
The pancake-shaped clay 
weighs more. 

 
The two pieces weigh the 
same. 

 The ball weighs more. 

  

Reason: 

You did not add or take away any clay. 

When clay 2 was flattened like a 
pancake, it had a greater area. 
When something is flattened, it loses 
weight. 
Because of its density, the round ball 
had more clay in it.   
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Item 2 
Metal Weights  
Linn has two jars.  They 
are the same shape.  Each 
is filled with the same 
amount of water. 

  

  
 

She also has two metal 
weights of the same 
volume.  One weight is 
light.  The other is heavy. 

 

She lowers the light weight 
into jar 1.  The water level 
in the jar rises and looks 
like this: 

 

If the heavy weight is lowered into jar 2, 
what will happen? 

 
The water will rise to a higher level 
than in jar 1. 

 
The water will rise to a lower level 
than in jar 1. 

 
The water will rise to the same level 
as in jar 1. 

  

Reason: 

The weights are the same size so they will 
take up equal amounts of space. 
The heavier the metal weight, the higher 
the water will rise. 
The heavy metal weight has more pressure, 
therefore the water will rise lower. 
The heavier the metal weight, the lower the 
water will rise. 
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Item 3 
Glass Size  
The drawing shows two 
glasses, a small one and a 
large one. It also shows two 
jars, a small one and a large 
one. 

It takes 15 small glasses of 
water or 9 large glasses of 
water to fill the large jar.  It 
takes 10 small glasses of 
water to fill the small jar.   

How many large glasses of water does it 
take to fill the same small jar? 

 4 

 5 

 6 

 other 

  

Reason: 
It takes five less small glasses of water 
to fill the small jar. So it will take five 
less large glasses of water to fill the 
same jar. 
The ratio of small to large glasses will 
always be 5 to 3. 
The small glass is half the size of the 
large glass.  So it will take about half 
the number of small glasses of water 
to fill up the same small jar. 
There is no way of predicting.   
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Item 4 
The Scale 
Joe has a scale like the one 
to the right.   

When he hangs a 10-unit 
weight at point D, the scale 
looks like this: 

 
Where would he hang a 5-unit weight to 
make the scale balance again?  
   

 at point J 

 between K and L 

 at point L 

 between L and M 

 at point M  

Reason:  
   

It is half the weight so it should be put 
at twice the distance. 
The same distance as 10-unit weight, 
but in the opposite direction. 
Hang the 5-unit weight farther out, to 
make up its being smaller. 
All the way at the end gives more 
power to make the scale balance. 
The lighter the weight, the farther out 
it should be hung.   
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Item 5 
Pendulum Length 
Three strings are hung from a bar. 
String #1 and #3 are of equal length. 
String #2 is longer. Charlie attaches a 
5-unit weight at the end of string #2 and 
at the end of #3.  A 10-unit weight is 
attached at the end of string #1. Each 
string with a weight can be swung. 

Charlie wants to find out if the length 
of the string has an effect on the 
amount of time it takes the string to 
swing back and forth.   

Which string and weight would he use for 
his experiment?  
   

 String #1 and #2 

 String #1 and #3 

 String #2 and #3 

 String #1, #2, and #3 

 String #2 only  

Reason:  
   

The lengths of strings should be the 
same.  The weights should be 
different. 
Different lengths with different 
weights should be tested. 
All strings and their weight should be 
tested against all others. 
Only the longest string should be 
used.  The experiment is concerned 
with length, not weight. 
Everything needs to be the same 
except the length so you can tell if 
length makes a difference.   
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Item 6 
The Ball 
Eddie has a curved ramp.  
At the bottom of the ramp 
there is one ball called the 
target ball.   

There are two other balls, a 
heavy and a light one.  He 
can roll one ball down the 
ramp and hit the target 
ball.  This causes the target 
ball to move up the other 
side of the ramp.  He can 
roll the balls from two 
different points, a low point 
and a high point.  

 

Eddie released the light 
ball from the low point.  It 
rolled down the ramp.  It 
hit and pushed the target 
ball up the other side of the 
ramp.  
  

He wants to find out if the 
point a ball is released from 
makes a difference in how 
far the target goes.  
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Item 7 
Squares and Diamonds #1  
In a cloth sack, there are:  

  

  

  

  

   

All of the square pieces are 
the same size and shape.  The 
diamond pieces are also the 
same size and shape.  One 
piece is pulled out of the sack. 

 

What are the chances that it is a 
spotted piece?  
   

 1 out of 3 

 1 out of 4 

 1 out of 7 

 1 out of 21 

 other  

Reason:  
   

There are twenty one pieces in the 
sack.  One spotted piece must be 
chosen from these. 
One spotted piece needs to be 
selected from a total of seven 
spotted pieces. 
Seven of the twenty one pieces 
are spotted pieces. 
There are three sets in the cloth 
sack.  One of them is spotted. 
1/4 of the square pieces and 4/9 of 
the diamond pieces are spotted.   
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Item 8 
Squares and Diamonds #2 
In a cloth sack, there are: 

  

  

  

  

  

All of the square pieces are 
the same size and shape.  
The diamond pieces are also 
the same size and shape.  
Reach in and take the first 
piece you touch. 

 

What are the chances of pulling out a 
spotted diamond or a white 
diamond?  
   

 1 out of 3 

 1 out of 9 

 1 out of 21 

 9 out of 21 

 other  

Reason:  
   

Seven of the twenty-one pieces 
are spotted or white diamonds. 
4/7 of the spotted and 3/8 of the 
white are diamonds. 
Nine of the twenty one pieces are 
diamonds. 
One diamond piece needs to be 
selected from a total of twenty 
one pieces in the sack. 
There are 9 diamond pieces in the 
cloth sack.  One piece must be 
chosen from these.   
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Item 9 
The Mice  
A farmer observed the mice 
that live in his field.  He found 
that the mice were either fat or 
thin.  Also, the mice had either 
black tails or white tails.  

This made him wonder if there 
might be a relation between 
the size of a mouse and the 
color of its tail.  So he decided 
to capture all of the mice in 
one part of his field and 
observe them.  The mice that 
he captured are shown below.  

Do you think there is a relation 
between the size of the mice 
and the color of their tails (that 
is, is one size of mouse more 
likely to have a certain color 
tail and vice versa)?  

 

Do you think there is a relation 
between the size of the mice and the 
color of their tails (that is, is one size 
of mouse more likely to have a 
certain color tail and vice versa)?  
   

 yes 

 no  

Reason:  
   

8/11 of the fat mice have black 
tails and 3/4 of the thin mice have 
white tails. 
Fat and thin mice can have either 
a black or a white tail. 
Not all fat mice have black tails.  
Not all thin mice have white tails.
18 mice have black tails and 12 
have white tails. 
22 mice are fat and 8 mice are 
thin .   
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Item 10 
The Fish 
Some of the fish to the 
right are big and some are 
small.  Also some of the 
fish have wide stripes on 
their sides.  Others have 
narrow stripes.  

Is there a relationship between 
the size of the fish and the kind of 
stripes it has (that is, is one size 
of fish more likely to have a 
certain type of stripes and vice 
versa)?  
   

 yes 

 no  

Reason:  
   

Big and small fish can have either 
wide or narrow stripes. 
3/7 of the big fish and 9/21 of the 
small fish have wide stripes. 
7 fish are big and 21 are small. 
Not all big fish have wide stripes and 
not all small fish have narrow stripes.
12/28 of fish have wide stripes and 
16/28 of fish have narrow stripes.   
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Item 11 
The Dance  
After supper, some 
students decide to go 
dancing. There are 
three boys: Albert 
(A), Bob (B), and 
Charles (C) and 
three girls: Louise 
(L), Mary (M), and 
Nancy (N).  

One possible pair of 
dance partners is 
AL, which means 
Albert and Louise. 

List all the other 
possible couples of 
dancers.  Boys do 
not dance with 
boys and girls do 
not dance with 
girls. (The first has 
been entered for 
you.) (NOTE: 25 
spaces are provided 
but all 25 may or 
may not be needed.)  

AL  

 

 

 

 

 



 109

 
  
Item 12 
The Shopping Center  
In a new shopping center, 4 stores 
are going to be placed on the 
ground floor.  A BARBER SHOP 
(B), a DISCOUNT STORE (D), a 
GROCERY STORE (G), and a 
COFFEE SHOP (C) what to locate 
there. 

One possible way that the stores 
could be arranged in the 4 locations 
is BDGC.  This means BARBER 
SHOP first, the DISCOUNT 
STORE next, then the GROCERY 
STORE and the COFFEE SHOP 
last. 

List all the other possible ways 
that the stores can be lined up in 
the four locations (The first has 
been entered for you).  (NOTE: 25 
spaces are provided but all 25 may 
or may not be needed.) 

BDGC  

 

 

 

 

 
 
 

 
Take care!  Before you click "Submit", check to make sure you have 

answered all of the questions you want to. Remember, you cannot go back 
and change any responses once you click "Submit."  

Submit Reset Form
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Appendix D 

Chemistry Pretest/Posttest 

 

PRETEST 

 
Chemistry Pretest  

 
Mark the best answer for the following questions. Please do not guess. If you do not 
understand how to answer the question, leave the answer blank.  

 
1. Assume that a beaker of water on a hot plate has been boiling for an hour. Within 
the liquid, bubbles can be seen rising to the surface. What are the bubbles made of?  
   

 A mixture of hydrogen and oxygen gases 

 Oxygen 

 Water vapor 

 Molecules of water 

 Water vapor and molecules of water because they are the same
 

2. If sodium carbonate is Na2CO3, ammonium chloride is NH4Cl, and sodium 
chloride is NaCl, then ammonium carbonate is:  
   

 (NH4)2CO3 

 NH4CO3 

 NH4(CO3)2 

 NaNH4CO3 

 None of the selections are correct 
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3. The reaction of carbon and hydrogen to form ethane can be represented by the 
chemical equation  

xC (g) + yH2 (g) --> zC2H6 (g) 

This equation is properly balanced when the values of x, y, and z are:  
   

 1, 1, 1 

 4, 6, 2 

 1, 3, 1 

 2, 3, 1 

 4, 2, 2 
 

4. If PV=nRT and n=m/W, then a correct expression for W is:  
   

 W = mRT/PV 

 W = PV/mRT 

 W = m/PV 

 W = PV/RT 

 W = PV/nRT 
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5. Potassium, vanadium, and iron crystallize in a body-centered cubic unit cell. 
Given the lengths of the unit cell edges (a) and the atomic weights (AW) listed below, 
which of these elements has the highest density (is the most dense)?  
   

 a  AW  
potassium 5.250 A 39.098 
vanadium 3.024 A 50.942 
iron 2.861 A 55.847 

 
   

 potassium 

 vanadium 

 iron 

 They all have the same density. 

 Not enough information is given.
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6. The drawings below are drawn to scale and illustrate the crystal structure of 
rubidium, niobium, and molybdenum. The atomic weights of these elements are 
roughly equivalent.  

 

(a) Which of the elements has the lowest density (is the least dense)?  
   

 niobium 

 rubidium 

 molybdenum 

 They all have the same density. 

 Not enough information is given.

b. Which is the most reactive of the metals mentioned above?  
   

 niobium 

 rubidium 

 molybdenum 
 

7. What is the empirical formula of a compound if a sample of the compound 
contains 3.01 x 1023 S atoms and 0.50 mol of Fe atoms?  
   

 FeS 

 FeS2 

 FeS3 

 Fe2S3 

 Fe3S2 
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8. Two moles of H2 gas are known to combine with one mole of O2 gas to form two 
moles of water. Which of the following concepts is NOT associated with 
understanding this statement?  
   

 Chemical reactions involve the breaking and rearranging of chemical bonds. 

 Chemical formulas show the ratios of atoms in a molecule. 

 The moles of H2, O2, and H2O are proportionally related to each other. 

 Chemical formulas show the spatial arrangement of atoms in a molecule. 

 
The number of moles of water formed is determined by the number of moles of H2 
and O2. 

 
9. Hydrochloric acid, HCl, is considered to be a strong acid. Which microscopic 
representation best illustrates this concept?  

 

            
 

10. Identify the diagram below which correctly represents the compound, iron(III) 
sulfate. (The blackened circles represent rion, the opened circles represent oxygen, 
and the speckled circles represent sulfur.)  
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11. Atoms of two different elements are represented by @ and *. Which is the 
limiting reactant when two ** molecules and two @@* molecules react to form *@* 
and @@?  
   
   

 ** 

 @@* 

 *@* 

 @@ 

 There is no limiting reactant
 

12. Below is a periodic table of the elements. Within each box you may locate the 
atomic weight and the symbol of the element. Examine this table and select the 
correct responses to the questions below.  
   
   

 

The following compounds are the results of reaction between various elements from 
the periodic table: XQ, X2J, YQ2, L2J, YD. Element G does not form compounds 
with the other elements, select the formula for each compound resulting from 
reactions between:  
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(a) L and A  
   

LA L2A LA2 L2A3 L3A2 L and A cannot react 

      
(b) K and D  
   

KD K2D KD2 K2D3 K3D2 K and D cannot react 

      
(c) W and J  
   

WJ W2J WJ2 W2J3 W3J2 W and J cannot react 

      
(d) E and A  
   

EA E2A EA2 E2A3 E3A2 E and A cannot react 

      
(e) W and Z  
   

WZ W2Z WZ2 W2Z3 W3Z2 W and Z cannot react 
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13. Which of the above questions did you consider the most challenging?  

 Question 1 

 Question 2 

 Question 3 

 Question 4 

 Question 5 

 Question 6 

 Question 7 

 Question 8 

 Question 9 

 Question 10 

 Question 11 

 Question 12 
 

 14. Which of the above questions did you consider the least challenging?  

 Question 1 

 Question 2 

 Question 3 

 Question 4 

 Question 5 

 Question 6 

 Question 7 

 Question 8 

 Question 9 

 Question 10 

 Question 11 

 Question 12 
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Take care. Before you click "Submit Pretest", check to make sure you have 
answered all of the questions you believe you can answer. You cannot go back and 
change any responses once you click "Submit Pretest."  

Submit Pretest Reset Form
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POSTTEST 

 
Chemistry 301 Fall 2001 End-of-Course Posttest and Survey  

 

Hi! Welcome to the very last thing you have to do in this course (except 
the final!)!! I'd like to say 'thanks!' in advance for you taking time to 
complete this for me. I know your schedules are busy, none the less I 
really appreciate your efforts. We have the opportunity to change the 
face of Chem 301/302 and your comments can really help me prove my 
point and may lead to some major changes in how the course content is 
chosen, exams/grades are given, and how to better manage classrooms 
of 500.  Thanks again! 
 
Brad 

 
Please mark your honest assessment of the following questions.  You must answer 
all questions!  

 
 
S1. How would you rate your overall academic ability? 

Lowest 10 
percent Below Average Average Above 

Average 
Highest 10 

percent 
S2. When you started the semester, what grade DID you expect to get in this course? 

A B C D F 
S3. And now, what grade DO you expect to get in this course? 

A B C D F 
S4. How many hours did you study (averaged) for this course per week? 

1-3 4-5 6-8 9-10 11 or more 
S5. How would you rate your drive to achieve? 

Lowest 10 
percent Below Average Average Above 

Average 
Highest 10 

percent 
S6. What is your expectation of earning at least a B average in college? 

No Chance Little Chance Some Chance Very Good 
Chance 

Never in 
Doubt 
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S7. How often did you participate in the online Lecture Prep? 

Did all pre-
lecture sessions 

Did most pre-
lecture sessions 

Did few pre-
lecture sessions 

Didn't do any 
pre-lecture sessions 

  

S8. Did you have enough time to finish your exams? 

Yes, for all 
exams 

No, only two 
exams 

No, only one 
exam 

No, for all 
exams 

  

S9. How did your exam scores compare with what you had expected to receive prior to the exams? 

Scores were 
higher than I 
expected 

Scores were 
lower than I expected 

Scores were 
about what I 
expected 

    

S10.  The Lecture Prep was designed to expose you to new material prior to lecture so that new terms 
and concepts were at least familiar to you.  With that in mind, how useful did you find the Lecture 
Prep material in preparing you for class? 

Very useful Somewhat useful Not useful         

S11.  How did you find the quality of the material presented in the Lecture Prep? 

Very good Good Ok Could have 
been better 

Major 
improvements 
needed 

COMMENTS. Ok, if you have any specific comments or suggestions, please give them below. 
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Mark the best answer for the following questions.  You may need paper and pencil, but you won't 
need a calculator! 
Q1. Assume that a beaker of water on a hot plate has been boiling for an hour. Within the liquid, 
bubbles can be seen rising to the surface. What are the bubbles made of?  
   

 A mixture of hydrogen and oxygen gases 

 Oxygen 

 Water vapor 

 Molecules of water 

 Water vapor and molecules of water because they are the same 
Q2. If sodium carbonate is Na2CO3, ammonium chloride is NH4Cl, and sodium chloride is NaCl, then 
ammonium carbonate is:  
   

 (NH4)2CO3 

 NH4CO3 

 NH4(CO3)2 

 NaNH4CO3 

 None of the selections are correct  
Q3. The reaction of carbon and hydrogen to form ethane can be represented by the chemical 
equation  

xC (g) + yH2 (g) --> zC2H6 (g) 

This equation is properly balanced when the values of x, y, and z are:  
   

 1, 1, 1 

 4, 6, 2 

 1, 3, 1 

 2, 3, 1 

 4, 2, 2  
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Q4. If PV=nRT and n=m/W, then a correct expression for W is:  
 

 W = mRT/PV 

 W = PV/mRT 

 W = m/PV 

 W = PV/RT 

 W = PV/nRT  
Q5. Potassium, vanadium, and iron crystallize in a body-centered cubic unit cell. Given the lengths of 
the unit cell edges (a) and the atomic weights (AW) listed below, which of these elements has the 
highest density (is the most dense)?  
 

 a AW 
potassium 5.250 A 39.098
vanadium 3.024 A 50.942
iron 2.861 A 55.847

 
 

 potassium 

 vanadium 

 iron 

 They all have the same density. 

 Not enough information is given.  
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Q6. The drawings below are drawn to scale and illustrate the crystal structure of rubidium, niobium, 
and molybdenum. The atomic weights of these elements are roughly equivalent.  

 

(a) Which of the elements has the lowest density (is the least dense)?  
   

 niobium 

 rubidium 

 molybdenum 

 They all have the same density. 

 Not enough information is given. 

(b) Which is the most reactive of the metals mentioned above?  
   

 niobium 

 rubidium 

 molybdenum  
Q7. What is the empirical formula of a compound if a sample of the compound contains 3.01 x 1023 S 
atoms and 0.50 mol of Fe atoms?  
   

 FeS 

 FeS2 

 FeS3 

 Fe2S3 

 Fe3S2  
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Q8. Two moles of H2 gas are known to combine with one mole of O2 gas to form two moles of water. 
Which of the following concepts is NOT associated with understanding this statement?  
   

 Chemical reactions involve the breaking and rearranging of chemical bonds. 

 Chemical formulas show the ratios of atoms in a molecule. 

 The moles of H2, O2, and H2O are proportionally related to each other. 

 Chemical formulas show the spatial arrangement of atoms in a molecule. 

 The number of moles of water formed is determined by the number of moles of H2 and O2.  
Q9. Hydrochloric acid, HCl, is considered to be a strong acid. Which microscopic representation best 
illustrates this concept?  

 
   

 
  

 
   

  
Q10. Identify the diagram below which correctly represents the compound, iron(III) sulfate. (The 
blackened circles represent rion, the opened circles represent oxygen, and the speckled circles 
represent sulfur.)  
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Q11. Atoms of two different elements are represented by @ and *. Which is the limiting reactant 
when two ** molecules and two @@* molecules react to form *@* and @@?  
   
   

 ** 

 @@* 

 *@* 

 @@ 

 There is no limiting reactant  
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Q12. Below is a periodic table of the elements. Within each box you may locate the atomic weight and 
the symbol of the element. Examine this table and select the correct responses to the questions below. 
   
   

 

The following compounds are the results of reaction between various elements from the periodic 
table: XQ, X2J, YQ2, L2J, YD. Element G does not form compounds with the other elements, select 
the formula for each compound resulting from reactions between:  

(a) L and A  
LA  L2A  LA2 L2A3 L3A2  L and A cannot react  

     

(b) K and D 
KD  K2D  KD2 K2D3 K3D2  K and D cannot react  

     

(c) W and J 
WJ  W2J  WJ2 W2J3 W3J2  W and J cannot react  

     

(d) E and A  
EA  E2A  EA2 E2A3 E3A2  E and A cannot react  

     

(e) W and Z 
WZ  W2Z  WZ2 W2Z3 W3Z2 W and Z cannot react  

        
Q13. Which of the above questions did you consider the most challenging?  
   

 Question 1 
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 Question 2 

 Question 3 

 Question 4 

 Question 5 

 Question 6 

 Question 7 

 Question 8 

 Question 9 

 Question 10 

 Question 11 

 Question 12  
Q14. Which of the above questions did you consider the least challenging?  
   

 Question 1 

 Question 2 

 Question 3 

 Question 4 

 Question 5 

 Question 6 

 Question 7 

 Question 8 

 Question 9 

 Question 10 

 Question 11 

 Question 12  
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Well, that's it!  Thanks for a great semester!  Hope everyone has a great holiday break and returns safely for 
the Spring!   
Brad 

 
Take care! Before you click "Submit Survey", check to make sure you have 

answered all of the questions you believe you can answer. You cannot go back and 
change any responses once you click "Submit Survey."  

Submit Survey Reset Form
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Appendix E 

End of Course Survey 

 

 
14 “Chemistry Posttest” questions (19 items) (same as Chemistry Pretest, Appendix D). 
 
24 Non-cognitive and attitude Questions (9 items) (choices are in red) 
 
 15.  How would you rate your overall academic ability? 
  lowest 10%  1 

below average  2 
average  3 
above average  4 
top 10%  5 

 
 16.  When you started the semester, what grade DID you expect to get in this 
course? 
  A   5 

B   4 
C   3 
D   2 
F   1 

 
 17.  And today, what grade DO you expect to get in this course? 
  A    5 

B   4 
C   3 
D   2 
F   1 
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 18.  How many hours did you study for this course per week? 
  1-3   1 

4-5   2 
6-8   3 
9-10   4 
11 or more  5 

 
 19.  How would you rate your drive to achieve? 
  lowest 10%  1 

below average  2 
average  3 
above average  4 
top 10%  5 

 
 20.  What is your expectation of earning at least a B average in college? 
  no chance  1 

little chance  2 
some chance  3 
very good chance 4 
never in doubt  5 

 
 21.  How often did you participate in the online Lecture Prep? 
  did all   4 

did most  3 
did few  2 
didn’t do any  1 

 
 22.  Did you have enough time to finish your exams? 
  yes (every exam) 4 

yes (most exams) 3 
no (most exams) 2 
no (every exam) 1 

 
 23.  How did your exam scores compare with what you had expected to 
receive prior to the exam? 
  higher than I expected  3 

lower than I expected  2 
about what I expected  1 
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 24.  How interesting did you find the course material? 
  very interesting  5 

interesting   4 
somewhat interesting  3 
not interesting   2 
boring    1 

 
 25.  Has this course increased or decreased your interest in chemistry? 
  increased  3 
  neither   2 
  decreased  1 
 
 26.  What did you think about the pace of the course? 
  much too fast  5 

too fast   4 
about right  3 
too slow  2 
much too slow  1 

 
 27.  Are you considering studying chemistry at the next level (Chem  302)? 
  yes   1 

no   2 
undecided  3 

 
 28.  At the beginning of the semester, how prepared did you feel for this 
course? 
  highly   4 
  moderately  3 
  somewhat  2 
  not at all  1 
 
 29.  How many lectures did you attend? 
  all lectures  4 

most lectures  3 
some lectures  2 
no lectures  1 
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 30.  How many lecture prep's did you do? 
  all of them  4 

most of them  3 
some of them  2 
none of them  1 

 
 31.  How helpful did you find the lecture prep area? 
  very helpful   4 

somewhat helpful  3 
didn’t see a difference  2 
waste of time   1 

 
 32.  Your use of the professor's office hours were: 
  went many times  3 

went a few times  2 
never went   1 

 
 33.  Your use of the TA's office hours were: 
  went many times  3 

went a few times  2 
never went   1 

 
 34.  How did you study during the course? 
  I did all my studying on my own    5 

I spent about 25% of my study time with someone else 4 
I spent about 50% of my study time with someone else 3 
I spent about 75% of my study time with someone else 2 
I spent all of my study time with someone else  1 

 
 35.  During exams, did you (check all that apply):  NOTE: Multiple answers 
possible 
  -skip the hard questions and return to them later? 
  -become so anxious that it affected your performance? 
  -check your answers for careless errors or misreading of questions? 
  -when in trouble, eliminate as many choices as possible and then guess? 
 
 36.  Did you have enough time to finish exams 1 and 2? 
  yes,   1 

no  2 
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 37.  How did your exam scores compare with what you had expected prior to 
the exam? 
  my averages were higher than I expected  3 

my exam average was about what I expected  2 
my averages were lower than I expected  1 

 
 38.  Which of the following did you do to help learn the course material 
(check all that apply)?  NOTE: Multiple answers possible 
 -looked at the lecture prep area 
 -downloaded and brought to class the designated handouts 
 -reviewed previous lecture notes before the next lecture 
 -rewrote lecture notes 
 -read the related material in the textbook 
 

 
 
 39.  In a class like this, I preferred course material that really challenged me 
so I could learn new things. 
 
 40.  I asked the instructor to clarify concepts I didn't understand very well in 
class. 
 
 41.  I expected to do well in this course. 
 
 42.  I found this course challenging.  
 
 43.  I found this course enjoyable. 
 
 44.  My main concern when I started this class was getting a good grade. 
 
 45.  The crossword puzzles were helpful. 
 
 46.  The periodic table puzzle was helpful. 
 

Use the scale below to answer the statements.  If you think the 
statement is very true for you, choose 5.  If you think a statement is 
not all true for you, choose 1.  If the statement is more or less true 
for you, find a number between 1 and 5 that best describes your 
position. 
 
NOTE:  All answers were:   
1 (Not true), 2 (Somewhat true), 3 (Neutral), 4 (True), 5 (Very true) 
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 47.  The VSEPR Worksheets were helpful. 
 
 48.  Bonus points are good things and they should be kept in the course. 
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Appendix F 

Demographic Questions 

 
Demographics questions 
 
10 “history” questions (42 items)   (“Questions 1-10 identify your preparation for this 
course in high school.  Please answer as described below.”) 
 
7  non-cognitive/attitude questions (7 items)    
 
 
1.  Gender 
 Female   1 
 Male   2 
 
.2  Age 
 <18   1 
 18-19   2 
 20-21   3 
 22-27   4 
 >27   5 
 
3.  I had high school chemistry in (check all that apply): 
 9th grade  1 
 10th grade  1 
 11th grade  1 
 12th grade  1 
 Never   1 
 
4.  The level of high school chemistry I had was (check all that apply): 
 Intro   1 
 Regular  1 
 AP   1 
 IB   1 
 n/a   1 
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5.  I had high school math in (check all that apply): 
 9th grade  1 
 10th grade  1 
 11th grade  1 
 12th grade  1 
 Never   1 
 
6.  The level of high school math I had was (check all that apply): 
 Geometry/Trig 1 
 Calculus  1 
 AP/honors  1 
 IB   1 
 n/a   1 
 
7.  I had high school physics in (check all that apply): 
 9th grade  1 
 10th grade  1 
 11th grade  1 
 12th grade  1 
 Never   1 
 
8.  The level of high school physics I had was (check all that apply): 
 General science 1 
 Regular  1 
 AP   1 
 IB   1 
 n/a   1 
 
9.  I had high school biology in (check all that apply): 
 9th grade  1 
 10th grade  1 
 11th grade  1 
 12th grade  1 
 Never   1 
 
10.  The level of high school biology I had was (check all that apply): 
 General science 1 
 Regular  1 
 AP   1 
 IB   1 
 n/a   1 
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11.  How would you rate your overall academic ability? 
 Lowest 10 percent 1 
 Below average  2 
 Average  3 
 Above average 4 
 Highest 10 percent 5 
 
12.  How would you rate your intellectual ability? 
 Lowest 10 percent 1 
 Below average  2 
 Average  3 
 Above average 4 
 Highest 10 percent 5 
 
13.  How would you rate your Mathematical ability? 
 Lowest 10 percent 1 
 Below average  2 
 Average  3 
 Above average 4 
 Highest 10 percent 5 
 
14.  How would you rate your Chemistry background? 
 Lowest 10 percent 1 
 Below average  2 
 Average  3 
 Above average 4 
 Highest 10 percent 5 
 
15.  How would you rate your drive to achieve? 
 Lowest 10 percent 1 
 Below average  2 
 Average  3 
 Above average 4 
 Highest 10 percent 5 
 
16.  What is your expectation of earning at least a B average in college? 
 No chance  1 
 Little chance  2 
 Some chance  3 
 Very good chance 4 
 Never in doubt 5 
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17.  What is your expectation of graduating with honors? 
 No chance  1 
 Little chance  2 
 Some chance  3 
 Very good chance 4 
 Never in doubt 5 
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Appendix G 

Student Comments 

 

 

GENERAL 

 At  several points during the semester, student comments were solicited to gain 

insight into their perceptions on the course and the treatments.  Although no statistical 

analysis is attempted here, the comments none-the-less provide an interesting 

commentary as to what they consider important.  Comments are assembled by final 

course grade due to the inherent nature of F students to rant for no reason and A students 

to habitually fail to complete surveys.  We have observed in previous courses that the 

simple fact that 30 students offered negative feedback means nothing by itself.  Had they 

all been low-average F students complaining about how bad the course was holds little or 

no water to the same comments coming from 30 A students.  For this reason, comments 

are offered here by final grade for further consideration to validity. 

 First, however, some selected comments (exactly as submitted on the web page 

survey) on the lecture prep’s specifically.  These are truly amazing gems, akin to the “dog 

ate my homework” variety, giving clear evidence that sometimes students simply cannot 

see the forest for the trees.  The question we asked was “What is your opinion of the 

Lecture Prep’s?”  During your review, please take note of the quality of comment offered 

by each grade level. 
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SELECTED COMMENTS 

 
Good Job, Brad. It really helped!  liked the class website all the information i needed were on 
here and the grades were easy to recieve.  I just thought the tests were to long, except the third 
one, the third test was good in length and gave me a chance to look through my work.  
 
I FELT LIKE THE TESTS DID NOT ACCURATELY REPRESENT MY KNOWLEDGE IN THIS 
CLASS. 
 
i did not do the lecture prep often, but when i did, i thought the lectures were were merely 
repetetive and i could have done without 
 
having the handouts beforehand definitely helped the note taking process....thanks! 
 
I feel like I wasn't very well prepared for the exams this is in part due to my own lack of studying,  
 
Dr. XYZ is a good lecturer but for a class of 500 there needs to be a better grading system.  I 
know that I tried my best but I still did not make the grades to pass, but I did most of the 
homework and went to my discussion sessions.  I think that those should count more than they 
do in her class because they show that there was a effort put forward. 
 
The only suggestion that I would make would be to allow more time for exams.  There are too 
many problems and too little time to finish all the questions.  I have one question.  Are we going 
to have to memorize all the formulas for the final exam? 
 
Sometimes I accidentally forgot to go to the Lecture Prep before class. And therefore I missed 
getting some notes handouts. So, it would have been better if the handouts were available all the 
time.   
 
It would be nice if handouts were left on the website longer than the lecture prep.  Sometimes we 
do not have time to check the website before class, but still need the handouts afterwards. 
 
I need an A or B on the final. 
 
good class, just a bad semester for me 
 
don't shut off the lecture prep at 12:00 
 
I liked using the lecture preps. 
 
The lecture prep was hardly useful to me due to the fact that I don't have a computer in my room. 
I thought it was fair how some people were able to obtain more bonus points by doing puzzles 
and other surveys online in lecture prep. If there were some other place to take these 
puzzles/surveys rather than online than I would think that that it would be fair for all students.   
 
I didn't usually have time before class to learn  the information on the lecture prep. I used to it to 
outline material and study for tests. I really was glad to have it. Having that outlined information 
was even more beneficial that the review before the tests. Although it was a little confusing and 
stressful at first, I thought the lecture prep was the most organized part of the class. 
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A lot of the time, they referred you to page numbers or certain figures, and although that probably 
saved a lot of time and stuff, nobody probably looked up the page numbers because we are lazy 
college kids. But the pictures and the summaries were pretty good. :)  
 
I liked the lecture prep, it helped me prepare for that day's lecture. Just make sure the lecture 
prep coincides with what Dr. XYZ talks about that day.  
 
I find it hard to learn material from the book without reading it before hand or having someone 
explain it to me. So the lecture prep told me what we would cover in class but it wasn't as helpful 
before class. If I was to have access to them after class then they would be more useful to me.  
 
Overall, a good service. I just should have used it more.  Maybe it could stay up until one more 
day after the lecture.   
 
best organized class and most efficient-- due to great website 
 
There should be a curve seeing as how out of 500 people, the class averages for tests was a 70, 
meaning that a lot of people failed.   
 
Lecture prep wasn't very useful to me. 
 
Lecture preps did not help and lectures were filled with too much information too quickly. 
 

 

COMMENTS BY GRADE EARNED (Summer Session) 
 
“A” Students (Note: 13 A’s offered no comments): 
 
This course has been quite an experience for me. I am a returning student, having graduated two 
years ago from UT.  So, I guess you could say that I am an "untraditional" student. Honestly, I 
underestimated the pace and amount of material in the course coming in. Perhaps as my first 
course upon return, I shouldn't have taken a five week course. I was confident in my abilities, and 
felt that I would be able to succeed.  I got off on the wrong foot though, and the pace of the class 
made it difficult to feel completely caught up. I tried to maintain a full time job as a web 
programmer for the first 8-9 days of the course and quickly realized that that wasn't going to be 
possible. To be successful in a five week course such as this, it requires daily review and pre-
studying. Hence, I did quite poorly on the first exam.  But the positive aspect of all this is that it 
made me even more determined to do well in the rest of the course.  Even if I don't get the grade 
I would like to, it has ultimately been a positive experience.  As far as the course itself, I feel that 
Dr. ZYX is an excellent instructor. Her teaching style is very personal, and it is obvious that she 
really cares about the performance of the students.  In a large lecture class such as this, she 
maintained a very good interaction with the students and made the class interesting. She was 
very encouraging, accessible and attentive. Honestly, I cannot think of any negative qualities that 
she demonstrated.  It must be difficult to teach the amount of material that she did in such a short 
amount of time. At the same time, she did so without making the students feel overwhelmed, 
which could have happened very easily. She was very organized, worked numerous examples, 
was very attentive to questions, and made herself accesible to students throughout the course. In 
all, the prescence of Dr ZYX greatly enhanced my learning experience.  Brad Herrick also went 
above and beyond the normal call of duty. He was very friendly and amicable, and it was obvious 
that he also took a personal interest in the learning of the students. I worked with Brad regularly 
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the second half of the course, and he was instrumental to my improvement. He never seemed 
frustrated, no matter how many things we asked him!  He is also an excellent instructor. I can 
honestly say that I have never seen a TA so involved and engaged with the class as Brad was. 
The web added a whole new dimension to the class, and I really do feel it undoubtedly increases 
the quality of the learning experience and the performance of the students. It allowed a "place" for 
the students to connect with the instructors and the materials, and I think this was vital in the five 
week course.  It adds a whole new dimension of communication, and is a powerful learning tool. 
Thank you Brad for all the time you put into the web and the class.   
 
My computer isn't good enough to do the crossword puzzles, so I don't really know how those 
were.  For stuff we had to print out, I would rather it have taken up less pages because some of 
those were pretty long.  This was a really easy course considering my previous experience with 
chemistry.  I only made a 3 on the AP test though.  That should be good enough to get credit for 
this course.  The homework was very helpful.  I think using it as bonus points is a really good 
system because it encourages, but you don't get too frustrated if you don't have time to do it all.  
I'd like it to be put up a little earlier maybe so I'd have more time to review the material in 
advance.  That's the best way to learn it for me. 
 
It was a great class! 
 
i would just like to say that I feel that the time between the last test and the final exam is 
rediculously short.  It puts an unecessary amount of stress on the sudents, and also makes it next 
to impossible to learn the new material as well as review the old.  Not much time left, gotta study.  
Wish me luck! 
 
I would have liked to know more explicitly how important the lecture prep page was.  I kept going 
to the "supplemental materials" and "handouts" sections before I caught on that all the good stuff 
was in the lecture prep area.  Additionally, I felt that I lost bonus points on the periodic table and 
initial quiz because of computer problems.  I hope I will do well enough on the final for this not to 
matter, but I am on the cusp of an A and these points would surely help.  I did find the lecture 
prep area helpful, but would like even more information posted here as well as access to past 
material.  Perhaps you could limit bonus material to the day before but make all the other material 
available?  This course has been great.  Thanks.   
 
I respect your ability to teach by challenging the student. However, two things come to mind. One 
quiz was given with 10 minutes time (for some reason, the quizes knocked me out) and I did 
poorly. My exam grades, however, are better for finding the rough edges that the quizes showed. 
I am concerned that my grade may suffer as a result of the quizes, which help to improve my 
grade for the Exams.  Second, the web site is confused. I know that it is organized, but most 
people prepare their sites for ease of navigation. It is not intuitive and it jumps from lecture prep, 
to homework site, etc., and the navigation resembles a Maze. I realize you put a lot into this, but 
stream lining it for one touch launching of every item of interest (instead of going through 5 or 
more subpages that have to be navigated to get to an end point) will greatly simplify this tool. It 
was none-the-less a help once I was able to master it.  Thanks for your interest in helping us 
learn. It wasn't easy, but it did work. Thanks. 
 
I really liked the idea of homeworks and for me they served not only a way of getting bonus points 
but also, it provided an excellent practice and review for the exams.  
 
I really enjoyed this course.  Dr. ZYX does an excellent job of keeping the class alert and 
involved.  The course curriculum and assignments were very well organized and set up in such a 
way as to encourage students to stay on top of their studies.  Brad was an excellent assistant.  
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He was very friendly and helpful.  This was my first semester at UT, and I found it to be 
WONDERFUL.  Thanks.... 
 
I felt this was a very well-organized course. Lectures were streamlined and to the point regarding 
the material that had to be covered. The bonus points were a great way to catch up, but I truly 
feel that doing the homework was the best way to really learn the material in addition to attending 
every lecture. Thanks to Brad and Dr. ZYX also for the rapid responses to email queries. 
 
“B” Students (Note: 12 B’s offered no comments): 
 
Website is really helpful, but tiring to have to go and look every single day. 
 
The summer session covers WAY too much to be taught in so little at time... there's not time for it 
to seep it and really understand. 
 
I think the lecture prep area is a excellent idea.  I NEVER had enough time on tests. Also, I have 
found the homework server cumbersome to use.  Often times I would do a homework problem  
correctly and the homework server would tell me i was wrong because of significant digits, ect.  
Also, the questions on the tests and homework server were often worded awkwardly. 

 
“C” Students (Note: 12 C’s offered no comments): 
 
This isnt what I expected. I thought I would of done better.  
 
Might be too computer oriented.  I never did get do to some of the the bonuses because of 
computer problems. 
 
I rushed through the test and I think thats why I did so poorly on them.  After checking my 
answers i found that i made simple errors which i felt i could have caught if I had more time.   
 
I really think that 5&1/2 weeks was too short for me to really learn the material well. I got behind 
at the beginning and then it was too hard to catch up in such a short time. Also, at first, it seemed 
like there was a lot of information on the web, etc. to take in all at once. For example, the tutorial 
at the beginning really took a lot of time. However, I think that after a while I started 
understanding how the class worked better. And I began to see how the web portion of the class 
(like the web page and online homework system) added more organization to the class. But by 
that time, the semester was a third or halfway over! If there were some way that we didn't have to 
print out so much and worry about the computer stuff so much, it may have been a little less 
overwhelming. Only because printing things out was rather time consuming. I have a roughly 
average speed printer and a slow internet connection. But then, I printed out nearly all of the 
lecture preps, although they were not designed for that. So maybe that's why it seemed like there 
was so much to print out. The reason I did that was so that I could get a good idea of where we 
were in class if I got confused or behind or lost. I felt like I might forget what was on a lecture prep 
and then never see it again, so I printed all of them out.  As far as the content of the course goes, 
I really do think that it is a lot to cover in so little time. But I think that Dr. ZYX and Brad did a good 
job of trying to make it accessible to everyone. All the web-based parts of the class helped with 
this. I think that these would have been even more helpful in a longer class, where the students 
would have more time to use that material after getting used to the flow of the class. I hope these 
comments were helpful. 
 
I liked the class overall, I like the idea that homework is optional...I did all of them, and that there 
were options for bonus pts.  I needed these extra pts. only b/c I made stupid mistakes on the 
quizzes/exams.  Thank you! 
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I had plenty of time to do exam 2, but not enough for exam 1. 
 
Great teaching style.  Too much material was crammed in.  Would be a much better idea to 
increase it to an entire summer session.  As well more exams with the lowest one dropped would 
be an excellent idea. 
 
Considering this was a summer class and everything was thrown at us in a matter of five weeks, I 
still feel I learned a lot during this short amount of time.  Dr. ZYX was an excellent teacher. The 
review sessions given by Brad were extremely helpful and I know I would of done a lot worse in 
the class without them!  
 
“D” Students (Note: 5 D’s offered no comments): 
 
The way the hw and test are given is very good. 
 
The reason I was not able to participate in the online lecture prep is because my internet was 
down for a large part of the class.  Therefor I missed out on the handouts as well.  Was very 
confused on how to get the handouts I missed and it was never really made available to me even 
after asking you guys.  So I was at a major disadvantage, and still am for the final.  But other than 
that, out of all my classes this really is the one that I have learned the most out of.  I made it to 
every lecture (minus one when I was out of town) and was kept interested the entire time.  
Chemisty is no longer as confusing and no longer my nemesis.  It really has been a meaningful 
class so I thank you. 
 
porfessor was available and i thought the help i got outside of class was more than enough 
 
I'm not exactly sure as to why this course wa difficult for me, I did fairly well on the homeworks 
and on the examples in the book but when it came to quizzes and exams I didn't do so well.  I 
studied and tried hard but for some reason I understand the material and could explain it but 
didn't do well when having to write it.  maybe more practice and examples would help, i'm noit 
really sure, i enjoyed having you as a teacher. 

 
“F” Students (Note: 4 A’s offered no comments): 
 
I really appreciated all of Brad's help.  Summer session MUCH TOO FAST!   TOO 
STRESSFUL!!!!!!!!  I think I now have an ulcer and I'm going to change my major to Liberal Arts if 
I don't pass this class(this is the second time)!!  Professor ZYX is a wonderful professor.  She 
makes things more clear than they have ever been.  Thanks, I hope I pass! 
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Appendix H 

Textbook Cross-Reference 

 

Textbook: Whitten, K.W.; Davis, R.E., Peck, M.L. General Chemistry: Sixth Edition.  

Philadelphia, Pennsylvania, Saunders College Publishing, 2000.  

 

 

Chapter 1:  The Foundations of Chemistry 

 -States of matter 

 -Chemical/physical changes 

 -Units of measurement 

 -Use of numbers 

 -Dimensional analysis 

Chapter 2:  Chemical Formulas and Composition Stoichiometry  

 -Atoms and molecules 

 -Chemical formulas 

 -The mole 

 -Formula weights, molecular weights 

 -Empirical formulas, molecular formulas 

Chapter 3:  Chemical Equations and Chemical Stoichiometry 

 -Chemical equations 

 -Limiting reactant concept 

 - Concentrations and dilutions of solutions 
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Chapter 4:  Some Types of Chemical Reactions 

 -Aqueous solutions 

 -Oxidation numbers 

 -Naming compounds 

 -Classifying chemical reactions 

Chapter 5:  The Structure of Atoms 

 -Subatomic particles 

 -Electromagnetic radiation 

 -Wave nature of the atom 

 -Quantum numbers 

 -Electron configuration 

Chapter 6:  Chemical Periodicity 

 -Trends in the periodic table 

 -Oxygen and oxides 

 -Hydrogen and hydrides 

Chapter 7:  Chemical Bonding 

 -Lewis dot formulas 

 -Formations of ionic compounds 

 -Formations of covalent compounds 

 -Formal charge 

 -Dipole moments 
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Chapter 8:  Molecular Structure and Covalent Bonding Theories 

 -Valence shell electron pair repulsion theory 

 -Molecular shapes 

 -Hybridization 

 -Double/Triple bonds 

Chapter 9:  Molecular Orbitals in Chemical Bonding 

 -Energy level diagrams 

 -Bond order 

 -Delocalization 

Chapter 10:  Reactions in Aqueous Solutions I: Acids, Bases, and Salts 

 -Acid/base theories 

 -Strengths of acids 

 -Acidic/basic salts 

Chapter 11:  Reactions in Aqueous Solutions II: Calculations 

 -Calculations with Molarity 

 -Titrations 

 -Mole method and Molarity 

 -Redox reactions 
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Chapter 12:  Gases and Kinetic-Molecular Theory 

 -Pressure 

 -Gas Laws 

 -Ideal gas law 

 -Partial pressures 

 -Kinetic-Molecular theory 

 -Diffusion/effusion 

 -Real gas law 
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Appendix I 

Unanticipated Findings 

 
 During this study we came across two areas that present themselves as serious 

issues for success in the classroom.  These unanticipated findings are described here. 

Gender Differences 

 Our initial research hypotheses did not include or account for differences due to 

gender.  The literature is rich with findings on both sides of the argument concerning 

gender bias and disadvantages in the classroom.  Anecdotal information collected by the 

author indicates that in most cases women do not do well in courses taught by women, 

for whatever reason.  Statistically, women in this study started the course at a 

disadvantage over their male counterparts.  Specifically, women scored in the transitional 

range on the GALT while the men scored in the formal operational range.  Assuming a 

course that is principally designed, taught, and assessed conceptually, those students not 

at an abstract level would appear to be at a disadvantage.  The professor of record for 

Experiment III was female and did teach the course at a more conceptual level.   

 The sample in Experiment III was almost exactly 50-50 by gender – males at 89 

and females at 88.  A Kruskal-Wallis test was performed and showed a large difference in 

ranked means by gender (Tables I.01 and I.02). 
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Ranks

88 80.88
89 97.03

177

Gender
Female
Male
Total

Final Exam Percent Score
N Mean Rank

 
Table I.01  Ranks of Means by Gender 

 
 

Test Statisticsa,b

4.401
1

.036

Chi-Square
df
Asymp. Sig.

Final Exam
Percent Score

Kruskal Wallis Testa. 

Grouping Variable: Genderb. 
 

Table I.02  Kruskal-Wallis Test Statistic on Gender 
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This difference was unanticipated and alarming.  When gender was considered alone, we 

see where the impact (Tables I.03, I.04, I.05, and I.06) takes place: 

 

Ranksa

2 42.00
5 36.70
7 35.00

10 39.55
64 47.00
88

Treatment Level:
0%
<30%
30-49.9%
50-69.5%
70-100%
Total

Final Exam Percent Score
N Mean Rank

Gender = Femalea. 
 

Table I.03 Rank Means for Females by Treatment Category 
 

Test Statisticsa,b,c

2.442
4

.655

Chi-Square
df
Asymp. Sig.

Final Exam
Percent Score

Kruskal Wallis Testa. 

Grouping Variable: Treatment Level:
Complete Semester (5 Levels)

b. 

Gender = Femalec. 
 

Table I.04  Kruskal-Wallis Test Statistic for Females by Treatment Category 
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Ranksa

4 17.88
16 36.50
13 30.92
12 43.54
44 55.11
89

Treatment Level:
0%
<30%
30-49.9%
50-69.5%
70-100%
Total

Final Exam Percent Score
N Mean Rank

Gender = Malea. 
 

Table I.05  Rank Means for Males by Treatment Category 
 

Test Statisticsa,b,c

16.788
4

.002

Chi-Square
df
Asymp. Sig.

Final Exam
Percent Score

Kruskal Wallis Testa. 

Grouping Variable: Treatment Level:
Complete Semester (5 Levels)

b. 

Gender = Malec. 
 

Table I.06  Kruskal-Wallis Test Statistic for Males by Treatment Category 
 

 The women scored and participated more evenly among themselves across 

treatment categories while at the same time scoring overall less points than the men.   

 

Population Differences by Semester 

 A review of the three experimental semesters clearly indicates there is a 

difference in the students taking CH301 and we believe that it is significant in how the 

course should be structured and taught. 
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 In that regard, our results could be restated to account for the distinct, diverse 

populations.  Specifically, the age group concentrations, maturity, thinking levels, and 

prior knowledge are quite different between semesters.  Additional research would need 

to be done in other semesters to confirm this as a systemic issue, but we find it quite 

unlikely that the differences between these three semesters should by chance only occur 

during this investigation.  Therefore, repeating the study with an understanding that the 

demographics and time commitments of each semester are different could lead to 

additional research into effective methodologies around the differences.  This strategy 

also fits nicely into the possibility of tailoring specific treatments based on student inputs 

before classes begin (GALT, pretest, SAT scores, diagnostic/placement test, etc) and 

adjusting these throughout the semester on the basis of pretreatment submissions and 

exam results.   
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