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Abstract: Research has demonstrated that academically successful students are effective, self-regulated
learners. Moreover, exam wrapper interventions have been shown to foster the development of self-
regulated learning behaviors on the part of college students. In this naturalistic, qualitative, and
exploratory study, an exam wrapper intervention was implemented in a fkey, gatekeeping STEM
course at a diverse, public university. Student responses to a series of four exam wrappers were
collected and analyzed. Results indicated that while many students were able to look critically at
their study bebaviors and course performance, these behaviors did not necessarily pay off, especially
Jfor weaker students. Notably, transfer and/ or non-matriculated students were at greatest risk of
withdrawal and failure. However, all students, both weak and strong, showed a lack of attention
towards checking their answers and learning from their mistakes. Ouverall, the exam wrappers
provided useful information regarding the self-regulated learning processes of these STEM students.
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Introduction

The loss and attrition of qualified undergraduates from STEM majors is no longer an unfamiliar
phenomenon. Unfortunately, it has become a well-known area of study, research, and exploration
(Chang, Sharkness, Hurtado, & Newman, 2014; Hunter, 2016; Malcom & Feder, 2016; Seymour &
Hewitt, 1997). Research indicates that among the most recent generation of college students, more
than half of all students who enter college intending to major in STEM leave STEM or fail to
graduate altogether (Eagan, Hurtado, Figueroa, & Hughes, 2014). For certain ethnic minority
groups, attrition rates are even higher. Eagan and colleagues (2014) report that 76% of UREM
(underrepresented minorities) who enter planning to major in STEM do not complete their degrees
within six years.
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The loss of women and UREM from STEM majors results in the underrepresentation of
these populations in STEM fields (for example in chemical industry, biological research, engineering,
etc.) (National Science Foundation, 2013), and also leads to their underrepresentation in vital health
science fields such as Medicine and Dentistry (Association of American Medical Colleges, 2010;
Smedley, Butler, & Bristow, 2004). Significantly, researchers have found that Organic Chemistry is a
key “gatekeeping” course that deters students from moving forward in careers such as medicine
(Barr, Matsui, Wanat, & Gonzalez, 2010).

Research indicates that problems with undergraduate science teaching, especially in
introductory, so-called gatekeeping courses, are among the primary reasons why students switch out
of STEM (Seymour & Hewitt, 1997). Problems cited include large lectures, where teaching is
impersonal and primarily in a transmissive mode (Gasiewski, Eagan, Garcia, Hurtado, & Chang,
2012; Hunter, 2010), classroom climates that are competitive, chilly, and unwelcoming (Gasiewski et
al., 2012; Rosser, 1997) and course content that is divorced from everyday life (Hunter, 2016).

Reform efforts such as Process Oriented Guided-Inquiry Learning (Moog & Farrell, 2000),
Peer-Led Team Learning (Gosser, 2011), Team Based Learning (Michaelsen, Knight, & Fink, 2004),
Flipped Classrooms (Talbert, 2017), and Peer Instruction (Watkins & Mazur, 2013) all attempt to
create active, student centered learning environments where student cooperation is encouraged.
These reforms have shown excellent promise in improving retention rates for all students, including
women and UREM (Deslauriers, Schelew, & Wieman, 2011; Eberlein et al., 2008; Freeman et al.,
2014; Hall, Curtin-Soydan, & Canelas, 2014; Lewis, 2011; Mooring, Mitchell, & Burrows, 2016).
Unfortunately, their implementation has not been widespread for a number of reasons, including
cost (e.g. for revamping classrooms, hiring additional instructors, professional development, release
time, etc.), ideological resistance (to change in general and/or to student centered pedagogies in
particular) (Burd et al, 2016; Chaskes & Anttonen, 2015; Kezar & Holcombe, 2016), deficit views of
underrepresented groups (Castro, 2014), and/or simple inertia (Wieman, 2016).

Recently, researchers have begun to focus their attention on first-generation college students,
another underrepresented population of students (Engle & Tinto, 2008; Jehangir, 2010; Stephens,
Hamedani, & Destin, 2014; Stuber, 2012; Terenzini, Springer, Yaeger, Pascarella, & Nora, 1995;
Uche, 2015). First-generation students are defined as either the first-generation in their family to
earn a Bachelor’s degree or as the first-generation in their family to enroll in college (Davis, 2010).
National data show that first-generation college students are disproportionally from groups
underrepresented in STEM, including women and UREMs, but are also disproportionally low-
income students, non-traditional college age students and students with dependents (Engle & Tinto,
2008; Lohfink & Paulsen, 2005; Terenzini et al., 1995). A study by Saenz, Hurtado, Barreta, Wolf, &
Yeung (2007) found that 87% of first-generation college students were students of color.

Disturbingly, data demonstrate that retention rates for first-generation college students in
STEM are lower than those of continuing generation college students (Chen, 2013; Doerschuk et al.,
20106) especially in key gatekeeping courses like General Biology and General Chemistry (Eddy &
Hogan, 2014; Gregg-Jolly et al, 2016; Harackiewicz et al., 2014). Auspiciously however,
interventions involving student centered pedagogies have shown excellent promise in combating
these trends (Crimmins, 2017; Eddy & Hogan, 2014; Haak, HilleRisLambers, Pitre, & Freeman,
2011).

Background

Self-regulated learning (SRL) has been described as the regulatory processes that learners engage in
while monitoring their own learning. These regulatory processes include: setting goals, selecting
strategies and behaviors, monitoring one’s performance, and adapting in response to feedback
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(Zimmerman, 1990). Students who are more effective self-regulated learners are more successful in
general (Plant, Ericsson, Hill, & Asberg, 2005; B. Zimmerman & Martinez-Pons, 1990), and in
STEM in particular (Karabenick, 2003; Nandagopal & Ericsson, 2012; Szu et al., 2011; VanderStoep,
Pintrich, & Fagerlin, 1996). Notably, research demonstrates that one of the key reasons why students
struggle in key gatekeeping STEM courses is due to a lack of sophisticated study skills (Bunce et al.,
2017; DiBenedetto & Bembenutty, 2013; Sebesta & Bray Speth, 2017).

Nonetheless, self-regulation is a learnable and trainable skill (Phillips, Clemmer, McCallum,
& Zachariah, 2017; Weinstein & Acee, 2013). Discipline-specific training in metacognition and/or
self-regulation has been shown to be effective in helping students improve in STEM subjects such as
Chemistry (Zhao, Wardeska, McGuire, & Cook, 2014), Mathematics (Hudesman et al., 2014,
Olszewski, 2016), and Biology (Azevedo & Cromley, 2004; Bernacki, Vosicka & Utz & 2017).

Exam wrappers (designed by Dr. Marsha Lovett of Carnegie Mellon University) are a
specific pedagogical tool designed to encourage students to cultivate and improve their self-regulated
learning skills (Lovett, 2013). Exam wrappers are typically written exercises that students complete
(inside or outside of class) after receiving back a graded exam. These exercises encourage students
to monitor their performance and to set goals and modify their behaviors because they invite
students to reflect on their study behaviors and exam performance, to consider what strategies were
or were not successful, and to state what behaviors they might want to initiate in preparing for the
next exam (Lovett, 2013). Exam wrappers are sometimes also administered in a pre-test fashion to
encourage students to reflect as they prepare for an upcoming exam. Students may be asked to
assess their level of preparedness, to analyze the study strategies they have been employing and/or
to consider making changes to their study strategies (Lovett, 2013).

Exam wrappers have been used in a variety of classroom settings (e.g. Achacoso, 2005;
Soicher & Gurung, 2017; Thompson, 2012), but their use has been most frequently reported in
STEM classrooms. Experimental studies have shown statistically significant improvements in
student performance when exam wrapper assignments have been incorporated into Statistics and
Engineering classrooms (Chen, Chaves, Ong, & Gunderson, 2017; Chew, Chen, Rieken, Turpin, &
Sheppard, 2016). Similarly, studies in Biology and Physics classrooms have shown that when
students are incentivized to correct their mistakes on exams these students show statistically
significant improvements in their course performance (Brown, Mason, & Singh, 2016; Rozell,
Johnson, Sexten, & Rhodes, 2017). Correlational or descriptive studies involving exam wrappers in
Biology classrooms have shown weaker students have more limited SRL strategies and that these
students are less able to implement changes in their SRL strategies (Stanton, Neider, Gallegos, &
Clark, 2015).

In the naturalistic, qualitative study described below, exam wrappers were utilized in an
exploratory fashion to investigate whether, with minimal intrusion onto the flow of a fairly
traditional Organic Chemistry I lecture course, exam wrappers could encourage students to reflect
upon their own learning and encourage them to make strategic and effective changes in study habits
and behaviors. (We also conducted a separate, quasi-experimental intervention study utilizing exam
wrappers in a different Organic Chemistry I course and hope to report on this study in the near
future.)

Organic Chemistry I was chosen as the subject area for this study, in part, because of the
crucial gatekeeping function that it plays for many STEM and pre-health science students. (It is also
a course that has particularly low success rates at our institution.) Additionally, prior research at our
institution (AUTHOR AND COLLEAGUES, 2013) had shown that students who were at risk for
not passing Organic Chemistry I could overcome the odds and pass if they engaged in a particular
self-regulated learning behavior: help-seeking -- specifically the making use of resources such as
office hours and supplementary problem sessions. We hypothesized therefore, that if Organic
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Chemistry students at our institution, at which there are large numbers of first-generation college
students (2014 UNIVERSITY NAME STUDENT EXPERIENCE SURVEY), could be
encouraged to be more self-reflective about their study habits, they might improve in their self-
regulated learning abilities, modify their study behaviors and improve in their overall course
performance. Thus, we chose to introduce exam wrappers into the Organic Chemistry I course
because of their potential to impact the reflection and self-regulated learning behaviors of our
students. We also chose exam wrappers as our pedagogical tool because they are a reform method
that is fairly conventional, non-controversial, and easy to implement.

Method
FParticipants and Course Context

This IRB-approved study was conducted at a large, urban, public university located in the
Northeastern United States. The undergraduate population at this institution is highly diverse.
Approximately 40% of students are from ethnic groups underrepresented in STEM, about 50% are
low income, about 30% are first-generation college students (neither parent has any college
education) and approximately 40% speak English as a second or third language (2014 COLLEGE
NAME STUDENT PROFILE; 2014 UNIVERSITY NAME STUDENT EXPERIENCE
SURVEY).

This study was conducted in an Organic Chemistry I classroom in the spring of 2017.
Including students who withdrew, the course enrolled a total of 176 students. Students met in a
single classroom for lecture for a 75-minute class period twice a week (lectures were taught by
AUTHOR). Additionally, students met in one of six smaller groups (of approximately 30 students
each) for one 50-minute recitation period per week.

Student learning in the course was assessed via a combination of quizzes and exams. Five
quizzes were administered over the course of the semester in recitation. Quizzes took approximately
20 minutes to complete and were standardized across all sections. Students also completed two 75-
minute midterm exams and one 120-minute final exam (exams were administered in two large
classrooms). Five percent of students’ course grades were allotted towards completion of four
assignments that were termed self-assessments. These self-assessments were actually two pre-exam
and two post-exam exam wrappers. Students’ course grades were determined using a mastery-based
scheme, rather than a norm-referenced scheme (Popham, 1971).

Exam Wrappers

Exam wrapper 1 (see Appendix 1) was completed in recitation immediately before students took
their first quiz (at approximately week three of the semester). Exam wrapper 2 (identical in content
to exam wrapper 1) was administered similarly in that it was handed out and completed in recitation
immediately before students took their second quiz (at approximately week four of the semester).
One hundred sixty-six students (94%) completed exam wrapper 1 and one hundred sixty-three
students (93%) completed exam wrapper 2.

Exam wrapper 3 (see Appendix 2) was completed online using the course management
system available through the university. Exam wrapper 3 was only made available to students during
week five of the semester (before the first midterm). Exam wrapper 4 (identical to exam wrapper 3)
was similarly completed online and only available during week seven of the semester (in between the
first and second midterm examinations). One hundred eleven students (63%) completed exam
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wrapper 3 and one hundred thirty-seven students (78%) completed exam wrapper 4. (Figure
1 shows the timing and sequence of the exam wrappers).
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Figure 1. Timing of quizzes, midterm exams and exam wrappers

Exam wrappers 1 & 2 asked students to 1nd1cate how they felt about their competence i

trigger self reflection on the part of students (Zimmerman, 2002) and make them consider their
degree of preparedness (Yuen-Reed & Reed, 2015). Students selected from among three choices
(strong, ok, and weak) in two Likert-style questions. Additionally, students were asked to choose the
extent to which they felt they could easily access help with the course when they needed it. This
question was intended to lead students to consider whether or not they were seeking out and
utilizing the resources available to them. Students selected from among three choices (agree, unsure
and disagree) in a Likert-style question. Exam wrappers 1 and 2 were administered to students
immediately before they took their first two quizzes (respectively) so that students who were
underprepared but unaware of it would hopefully be hit with some dissonance if they put their
expectations down on paper and then either struggled during the quiz or found out they were not in
good shape when they received their quiz score.

Exam wrappers 3 and 4 asked students to report the extent to which they felt satisfied with
their performance on their most recent assessment (quiz or midterm)?. Students selected from
among five choices (strongly agree, agree, neither agree nor disagree, disagree, or strongly disagree) in a Likert-
style question. Students were also asked to report how many hours per week they devoted to

1 . . . .

In the course syllabus, students were assigned readings (focused on conceptual understanding) and homework assignments (focused on problem
solving) for each individual class period. The distinction between these two separate ideas or skills was also discussed in class. Thus, it was expected
that students would understand and be able to differentiate between the terms conceptual understanding and problem solving ability.

Typically within 24 hours of taking an exam, students’ exam scores, along with a copy of the answer key, were posted online. However, typically they
did not receive their graded exam papers back until their next recitation period. Quizzes took up to two weeks to be graded and were also returned to
students in recitation. Quiz grades were also posted online. However, answer keys for quizzes were not provided.
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studying and how many hours they spent problem-solving (with boxes provided for
numerical responses.) Lastly, students were asked what they would do differently in the future to
improve their course performance. (For this question, students wrote narrative responses of
any length they wished and were able include as many study strategies as they wished.)

The first three questions asked in exam wrappers 3 and 4 were designed to encourage
students to directly confront their feelings about how they were doing in the course, to determine
how much time they were putting in overall, and to consider whether or not they were devoting
sufficient time to problem-solving. The final question was intended to encourage students to self-
reflect regarding their study behaviors, to consider what they ought to do differently, to set goals of
changing their behaviors and to hopefully commit to those changes by asking them to put in writing
what they intended to do differently from then on (Zimmerman, 2002).

In this study, the exam wrappers were utilized both as an intervention, intending to trigger
students to reflect and possibly change their behavior, and also as a source of data, as a means for
the researchers to examine and learn from the reflections and reported behaviors of students. Thus,
with IRB permission, after the course was over the responses that students gave to the exam
wrapper questions were collected, stripped of identifying information and utilized as data.

Course Syllabus with SRL Supplement

One significant modification was made to the course syllabus to reinforce the idea that students
reflecting upon their own learning was an iterative process and that making decisions, being
strategic, utilizing resources, and seeking help were all important aspects of being successful in the
course. This modification took the form of an extra handout entitled: “How to Study for this
Course”. It contained a graphic display of a recommended iterative process for a student to follow
and two subsections of guidance or advice entitled, “Ways to Assess Yourself” and “Help Seeking
Guide”. (See Appendix 3.) This handout was in addition to the usual guidance and information
provided in the syllabus regarding how to be successful (e.g. spend 75% of your study time doing
problem solving, come to class, get help right away if you get stuck, etc.) (See Appendix 4.) During
the first day of lecture, AUTHOR reviewed the syllabus with students and explained this handout.

Website with SRL Emphasis

One factor relevant to this study is that AUTHOR maintains an extensive webpage (URL) devoted
to providing students with additional resources for the Organic I course. The majority of these
resources are supplementary problem sets. This is not unique as other Organic Chemistry
instructors at her institution and elsewhere (Cortes, 2017; Reusch, 2017) also provide supplementary
problem sets to students through webpages and/or course management software. However, the
particular presentation of AUTHOR’S Organic I homepage gives a strong visual impression to
students that problem solving is an extremely important aspect of the course. Furthermore, the
homepage is organized such that students can quickly find either introductory or advanced practice
problems (with answer keys) corresponding to each topic they learn about in lecture. Thus, students
who utilize the website are encouraged to think about what topics they need to work on and are
guided towards thinking about practicing in a strategic way where they ideally try to master simpler
problems before they move to more challenging ones.

Another resource provided through the Organic I homepage is links to old exams (with
answer keys) written by AUTHOR. The old exams are provided as additional practice problems for
students. But they also illustrate what the format of exams will look like, what the level of difficulty
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of exams will be, and in what ways they will be expected to answer questions that require them
to think across multiple chapters from their textbook while taking the exam.

One aspect of the old exams found on the website is that next to each exam question is
listed the number of minutes a student should allocate toward completing it. This is a feature of
AUTHOR’S exams that she includes to help students learn how to effectively pace
themselves during exams, a skill that she finds is particularly challenging for many students at her
institution.

Opverall, there are a number of features in AUTHOR’S website that attempt to encourage
students to strengthen and improve their self-regulation. However, these features have been in place
on her website in a consistent fashion for a number of years. Therefore, for the purposes of this
study, no modifications were made to the website.

Course Performance

Student scores on all assessments (quizzes, midterm examinations, and the final) were
collected, stripped of identifying information, and utilized as data.

Prior Performance in Chenistry

Previously, AUTHOR and her colleagues (2013) had established that for students at her institution,
the letter grades that they received in General Chemistry 11 (the immediate prerequisite course for
Organic Chemistry I) were a good predictor of performance in Organic Chemistry 1. Specifically if
General Chemistry II was taken at our institution, 49% of the variability in performance in Organic
Chemistry I was explained by performance in General Chemistry II. Therefore, for the purposes of
the current study, we obtained transcripts from all students and collected General Chemistry II letter
grades for students who completed General Chemistry II at our institution. (Letter grades for
students who had taken General Chemistry II outside of our institution were not collected.) These
letter grades were combined with the exam wrapper and course performance data described above
and then all identifying information was removed.

Data Analysis

Excam wrappers 1 & 2. On exam wrappers 1 and 2, students were prompted to report the
degree to which they felt competent (strong, ok, weak) in two areas: conceptual understanding and
problem-solving ability. Students’ self-perceptions were then compared to their actual quiz
scores and then classified as either accurate, overestimates, or underestimates (see table 1).

A self-rating of weak on exam wrapper 1 was determined to be an underestimation if the
student’s quiz grade was above 45% and accurate if the student’s grade was less than or equal to

45%. (An exam average of 45 was the approximate cutoff for passing the course.) A self-rating of
ok was judged to be an overestimation if the student’s grade was less than 46% and an
underestimation if their grade was 80% or higher (and accurate if the grade was 46-79%). A self-
rating of stronmg was gauged as an overestimation if the student’s grade was less than 80% and
deemed accurate if their grade was equal to or greater than 80%.

Because the subject matter of quiz 2 was more difficult than that of quiz 1 (and the student
average on quiz 2 was 10 points lower than on quiz 1), more lenient criteria were utilized to
define what was considered an overestimate, an underestimate or an accurate self-assessment for
quiz 2. A self-rating of weak on exam wrapper 2 was gauged as an underestimation if the student’s
grade was above 35% and accurate if the student’s grade was less than or equal to 35%. A self-rating

of ok was categorized as an overestimation if the student’s grade was less than 36% and an
underestimation if their grade was 70% or higher (and accurate if the grade was 36-69%).
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A self-rating of strong was gauged as an overestimation if the student’s grade was less than 70%
and deemed accurate if their grade was equal to or greater than 70%.

Table 1. Gauging students’ accuracy in their assessments of their confidence in conceptual
knowledge and problem-solving ability

Overestimate Accurate Underestimate

Quiz 1

Weak NA <45 % > 45 %

Ok <45% 46-79 % > 80%

Strong < 80% > 80% NA
Quiz 2

Weak NA <35% > 35 %

Ok <35% 36-69 % >70%

Strong <70% > 70% NA

Excam wrappers 3 & 4: Study time and problem-solving time. Questions on exam wrappers 3 and 4
prompted students to reflect on the number of hours they spent studying as well as the amount of
time they spent practicing problems. The sample size, mean, standard deviation, and range of these
reported hours were calculated. Outliers, participants whose reported hours were more than one
standard deviation from the mean, were highlichted for possible further analysis. Differences
between students' reported hours at the time of exam wrapper 3 and exam wrapper 4 were
calculated.

Excam wrappers 3 & 4: Future plans. The final question of exam wrappers 3 and 4 asked
students to describe what they would change or do differently in their future studying, Student
responses were text-based and averaged approximately 30 words in length. Outliers, participants
with word counts more than one standard deviation from the mean, were highlighted for possible
further analysis.

Student written responses (to the question regarding what they planned to change in their
study habits) were coded according to the following procedure. Four coders independently reviewed
four different subsets of the student responses. (In total, one third of the student entries were
reviewed.) In keeping with the explanatory nature of the study, the coders did not approach coding
with preconceived or a-priori ideas of what the codes should be. Rather, we allowed themes to
emerge from the data. Preliminary lists of themes and categories observed in the data were
generated independently by each of the four coders. The coders then met and compared their
preliminary lists. The preliminary lists were organized and collapsed into four codes, each of which
contained a number of sub-codes. (See table 14 for a listing of the codes and sub-codes utilized in
this study.) The four codes which emerged from the data were Study Behaviors, Strategic Bebaviors &
Decisions, Help Seeking and What’s Going on With Me.

The code Study Behaviors referred to the many types of behaviors that students stated they
planned to engage in, for example reading the textbook, working on practice problems, or reviewing
their lecture notes. Each specific S7udy Behavior described by a student was given a separate sub-code.
For example, the behaviors just described were assigned the sub-codes Textbook, Problen Solve and
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Lecture Notes, respectively. Study behaviors were coded as neutral, plus, or minus depending if the
student said he or she would db 72, would spend more time doing it or would spend /Jess #me doing it,
respectively.

The code Strategic Bebaviors & Decisions was created to capture behaviors that students
described which could best be characterized as being strategic about their studying. For example,
choosing to do a little bit of problem solving every day, rather than saving it all for the weekend or
choosing to read the textbook before lecture rather than after, were both coded under the code
Strategic Behaviors and Decisions and under the sub-code Timing Specific, whereas choosing to work on
advanced problems rather than simple problems was also coded under Strategic Behaviors and Decisions,
but under the sub-code of Which Problems.

The code Help Seeking referred to the different ways in which students described how they
would try to get help in the course. Sub-codes were created for the seeking of human help, HHelp —
as in help from an instructor, TA, or tutor, electronic help, EHejp — as in help from an online
resource like a tutorial or video, or help from a physical resource, PHelp - like a review book or
molecular model set.

A code or category was created called What’s Going on With Me to capture descriptions that
students gave that did not fit under categories of study strategies or behaviors, but rather described
emotional or psychological states. For example, a few of the sub-codes in this category were

Anxions, Unsure, Confident, Careless and Overwbelmed.

A code book listing all the codes, sub-codes and their definitions was created. After this,
the data entries were divided up into three equal portions. Each third of the data was coded
independently by two coders (Six coders in total were utilized.) Afterwards, all six coders met as
a group and went through each data entry one by one comparing the two sets of codes from the
pair of coders against one another and against each data entry. Together, the group of six coders
came to agreement on what the most complete and accurate codes should be for each data entry.
Often the consensus or agreed upon codes matched the original codes assigned by the two coders,
but occasionally errors or oversights were caught through this process. Therefore, it was
determined that this method of meeting as a group of six and going through each data entry one
by one was useful as it allowed for the most thorough, complete, and detailed analysis, without
resulting in the coders reaching consensus prematurely. Occasionally as a result of this process, a
few new sub-codes arose and had to be defined and created, and a few clarifications or refinements
of existing codes had to be made. The code book was updated accordingly and modifications to
the already coded data were made. After a complete listing of all the sub codes for each data entry
was compiled, tallies were taken to determine the number of times each sub code was cited.

~Exam 2 - 1. Student scores on exam 1 were subtracted from the scores on exam
2. Participants were then listed into four categories based on that difference: improved, worsened,

no change, or NA (did not take exam 2).

_Prior performance in chemistry. Students were coded as af risk for not succeeding in Organic
Chemistry I'if they had scored a grade of C plus or lower in General Chemistry II at our institution
and as not at risk if they had scored a B minus or higher. Students who had not taken General
Chemistry II at our institution (non-matriculated and transfer students) were coded as unknown risk.

Course performance. Students were grouped into categories based on their performance in the
Organic course. For students entering the Organic course 7ot at risk, satisfactory performance was
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defined as completing Organic with a grade of B minus or above.> For students entering the course
at risk or with unknown risk, satisfactory performance was defined as completing the course with a C
minus or above. Students who did not meet these criteria were categorized having unsatisfactory
performance. (Students who withdrew from the course were categorized separately.)

Student categories. Nine categories of students were differentiated based on a) the level of risk
of the students entering the course and b) their actual performance in the course (see table 12).

These categories were analyzed and compared across areas of interest, such as confidence in
conceptual understanding and problem-solving ability, accuracy of self-ratings compared to
subsequent quiz performance, hours reported studying and practicing problems, and planned
changes to study behaviors.

Overall Results
Excam Wrappers 1 & 2

Students were asked to describe their confidence in their conceptual understanding and problem-
solving ability. In both exam wrappers 1 and 2 (see table 2), approximately 70% of students reported
feeling ok about their understanding and ability. Additionally, the percentages of students who
characterized their conceptnal understandings as weak or strong changed only minimally from exam
wrapper 1 to 2. However, with regards to confidence in problem solving ability, there was a notable
increase from exam wrapper 1 to 2 in the percentage of students who felt they were weak, as well as
a sizeable decrease in students who felt they were szrong.

Table 2. Students’ confidence in their conceptual understanding & problem-solving ability

Wrapper 1 Wrapper 2

Concept Problem Concept Problem

N % n % n % N %
Weak 5 3 16 10 9 5 28 17
Ok 123 74 116 70 120 74 117 72
Strong 38 23 34 21 34 21 18 11

When comparing students’ self-assessments to their actual quiz performances (see table 3),
student accuracy was low (not on target), ranging from approximately thirty to forty percent. Student
accuracy also decreased somewhat from exam wrapper 1 to 2. Furthermore, weak students (who
scored 45 or below on quiz 1, or 35 or below on quiz 2) were highly likely to overestimate
their abilities, while strong students (who scored 80 or above on quiz 1 or 70 or above on quiz 2)
were highly likely to underestimate their abilities.

We defined satisfactory as B- or better for noz at risk students because we make the assumption that a C+ or worse will hinder future progress for
these students (Hrabowski, 2016).
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Table 3. Students’ accuracy re their conceptual understanding & problem-solving ability

Wrapper 1 Wrapper 2

Concept Problem Concept Problem

n % n % n % n %
Total Students who Are Accurate 67 40% 56 34% 51 31% 48 29%
Total Students who Overestimate 23 14% 25 15% 34 21% 24 15%

Total Students who Underestimate 76 46% 84 51% 78 48% 91 56%

Weak Students who Overestimate 12 100% 10 83% 26 93% 19 68%
Strong Students who Underestimate 74 73% 79 78% 72 71% 84 83%

The final question on exam wrappers 1 and 2 surveyed students' feelings about how easily
they felt they could obtain help with the course material when needed (see table 4). Students were
prompted to select a response of either agree, unsure, or disagree from a 3-point Likert-type scale. The
most frequently selected response for both exam wrappers 3 (80%, n=166) and 4 (79%, n=163) was
agree. Only 3% of participants chose disagree as their response to this question.

Table 4. Student responses to the statement that they are easily able to obtain help

Wrapper 1 Wrapper 2

Help Help

n % N %
Agree 133 80 128 79
Unsure 28 17 30 18
Disagree 5 3 5 3

Excam Wrappers 3 & 4

In exam wrapper 3, student reports of satisfaction with their course performance (see table 5)
spread in a bell-shaped distribution, with the majority of students reporting a neutral, mildly
positive, or mildly negative attitude. (At this point in the semester, students had only received grades
back on two quizzes, which had a combined average of 72 and counted only as 5-10% of their final
course average.) However, by the time of exam wrapper 4, there was a large shift in student
satisfaction with nearly 70% of students reporting dissatisfaction with their course performance.
(Students filled out exam wrapper 4 shortly after receiving back their scores on exam 1 which had an
average of 57% and counted as 20% of their final course average.)
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Table 5. Student agreement that they are satisfied with their course performance

Wrapper 3 Wrapper 4

n % n %
Strongly Agree 16 14 2 1
Agree 28 25 20 15
Neither Agree nor Disagree 24 22 21 15
Disagree 27 24 40 29
Strongly Disagree 16 14.4 54 39

Table 6 shows student responses on exam wrappers 3 and 4, indicating number of hours
spent studying and practicing problems. The changes in reported study and problem-solving time
from wrapper 3 to 4 showed that on average, students only increased their study time by 0.2 hours
and their problem-solving time by 0.5 hours (see table 7).

Table 6. Student reported study times and problem-solving times

n M SD Highest Lowest
Wrapper 3
Study Time (Hours) 111 8.2 3.5 25 1
Problem Solve Time (Hours) 111 5.7 3.5 25 1
Wrapper 4
Study Time (Hours) 137 8.4 4.7 35 2
Problem Solve Time (Hours) 136 6.2 3.9 21 1

Table 7. Increase in reported study hours from exam wrapper 3 to 4?

n M SD Highest Lowest
Study Time (Hours) 96 0.2 3.28 10 -11
Problem Solve Time (Hours) 96 0.5 3.13 14 -10

The length of participant responses to the question "What are you going to do differently
from now on?" are reported in table 8. The average response was about 30 words in length.
However, 21% and 23% of respondents (in wrappers 3 and 4, respectively) had word counts of less

than 10 words.

Journal of the Scholarship of Teaching and Learning, Vol. 20, No. 1, April 2020.

josotl.indiana.edu

116



Grandoit, Bergdoll, Rosales, Turbeville, Mayes, and Horowitz

Table 8. Length of student responses - what are you going to do differently?

M SD  Lowest  Highest

Wrapper 3
Word Count 29 28 2 197
Wrapper 4
Word Count 32 40 2 248

Because exam wrappers 3 and 4 asked students to report their overall study times and
problem-solving times, students who reported an intention (on wrapper 3) to change their behavior
by increasing their study time or problem-solving time were checked to see if they followed through
on their intentions. Only 22% of students indicated that they would increase their overall study time
and only about half of these students fulfilled their intention. Fifty percent of students indicated
that they would increase their problem-solving time. Similarly, only about half of those students

followed through on their intention (see table 9).

Table 9. Evidence (wrapper 4) of follow through of intended study plans (from wrapper 3)?

n %
Study Time
Did Follow Through 12 11
Did Not Follow Through 11 11
Not Applicable 82 78
Problem Solve Time
Did Follow Through 26 25
Did Not Follow Through 26 25
Not Applicable 49 47
Unclear 3 4

Exan 2-Exam 1

Student performance on exams 1 and 2* was compared and differences were calculated (see
table 10). Approximately half improved their scores and one-third worsened. An additional 15% did
not take exam 2. (All students who did not take exam 2 also did not take the final exam.)

Exam 2 covered more advanced and more challenging material than exam 1.

Journal of the Scholarship of Teaching and Learning, Vol. 20, No. 1, April 2020.
josotl.indiana.edu

117



Grandoit, Bergdoll, Rosales, Turbeville, Mayes, and Horowitz

Table 10. Performance change from exam 1 to exam 2

n %o
Improved 91 52
Worsened 57 32
No Change 2 1

NA (didn’t take exam 2) 26 15

Prior Performance in Chenristry
Based on their prior performance in General Chemistry II, students were grouped into three
categories. Categories indicated whether or not they were at risk of not succeeding in the Organic

course. Each category contained approximately one-third of all students (see table 11).

Table 11. Students’ at risk of not succeeding in Organic

n %
At Risk 54 31
Not At Risk 56 32
Unknown Risk 66 37

Course Performance

Overall, 63% of students performed satisfactorily in the Organic course, 29% performed

unsatisfactorily, and 8% withdrew. Students of wnknown risk were least likely to perform satisfactorily

with only 55% of them successful, while 74% of not at risk and 71% of at-risk students were
successful. (See table 12.)

Student Categories
Students were grouped into nine categories based on their risk when entering the course and their
satisfactory performance in the course or lack thereof (see table 12). Seven of these nine categories

were subjected to further analysis. Two categories were excluded (at risk & withdrawal, not at risk &
withdrawal) because they each comprised only 1% of the student population.

n %
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Table 12. Student categories*

n %
At Risk &  Satisfactory 36 20
At Risk &  Unsatisfactory 14 8
Not At Risk &  Satisfactory 41 23
Not At Risk &  Unsatisfactory 14 8
Unknown Risk &  Satisfactory 31 18
Unknown Risk &  Unsatisfactory 23 13
Unknown Risk &  Withdrawal 11 6
At Risk &  Withdrawal 2 1
Not At Risk &  Withdrawal 2 1

* Two students, with grades of incomplete, were excluded and were not categorized.
Results for Student Categories
Exam Performance

Despite the fact that the second exam covered more challenging material than the first exam, the

majority of satisfactorily performing students improved their performance from exam 1 to exam 2.
Estimation of Abilities

While results consistent with a Kruger-Dunning effect (1999) were observed for the overall
population (see table 3), unsatisfactorily performing students, overall, did not tend to overestimate
their abilities (see table 13). Satisfactorily performing students, however, were found to
underestimate their abilides (c*(1) = 26.0867, p < 0.001), while unknown risk students who
withdrew were somewhat likely to overestimate their abilities (c3(1) = 16.264, p < 0.000055, see table
13).

Reported Study Times

Satisfactorily performing students did not necessarily put in more study time or problem-solving
time than unsatisfactorily performing ones. Furthermore, when unsatisfactorily performing students
did increase their problem-solving time, this increase did not result in success. However, not at-risk
students were somewhat more likely to indicate an intention (at wrapper 3) to increase the amount
of time they were going to devote to problem solving. (See table 13.)
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Eoxcam Wrappers 3 & 4 and Unknown Risk Students

Unknown risk students differed from the other categories of students in a number of ways.
Unknown risk, unsatisfactorily performing students was the only category to decrease their rate of
completion of the exam wrappers from wrapper 3 to wrapper 4. At the time of wrapper 3, they were
the most dissatisfied with their course performance as compared to the other categories. They
reported the lowest average hours spent studying and doing practice problems. They also had the
highest percentage of students who did not take either exam 2 nor the final exam.

The unknown risk, withdrawal students had the lowest completion rate of exam wrappers 3
and 4. Only three students (27%) completed wrappers 3 and 4. These students reported the greatest
decrease in time spent studying and doing practice problems from wrapper 3 to 4, yet the greatest
number of hours spent studying at the time of wrapper 3.

Planned Study Bebaviors

Problem solving plans. At the time of wrapper 3, large numbers of all students in all categories
indicated that they intended to devote more time to problem solving. However, by wrapper 4,

almost none of the not at risk, satisfactorily performing students indicated that they needed to
devote additional time to problem solving. Yet, over 70% of the not at risk, unsatisfactorily

performing respondents reported that they s#/ intended (and needed) to devote additional time
to problem solving (see table 14).

Behaviors not reported. Plans to adopt behaviors such as joining a study group, attendmg office
hours, reviewing lecture notes, checking one’s answers against a key, or learning from one’s mistakes

were rarely (or never) reported by students of any category (see Appendix 1).
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Appendix

Appendix 1: Comparison of Self-Assessments, Study Times, Follow Thru, Exam
Performance Across the 7 Categories

AtRisk At Risk Not at Notat  Unknow Unknow Unkno
Satisfact  Unsatis- Risk Risk n Risk n Risk wn
ory factory  Satisfact Un- Satisfact Un- Risk
ory satisfacto ory satisfact Withdra
ry ory wal
n in Category 36 14 41 14 31 23 11
% of Overall Population 20% 8% 23% 8% 18% 13% 6%
Self-Assessments of
Conceptual & Problem
Solving Abilities
% Who were Accurate = 64% 38% 31% 23% 41% 36% 42%
% Who Underestimate 7% 31% 66% 50% 51% 22% 11%
% Who Overestimate ~ 29% 31% 2% 12% 8% 42% 47%
% Who Completed 64% 57% 73% 64% 61% 57% 27%
Wrapper 3
% Who Completed 71%
Wrapper 4
% Dissatisfied at 30% 38%
Wrapper 3

% Dissatisfied at
Wrapper 4

Mean Study Time
(Hours/Wk)

Reported in Wrapper 3
Reported in Wrapper 4
Wrapper 4 - 3

Mean ProblemSolveTime
(Hrs/WKk)

Reported in Wrapper 3
Reported in Wrapper 4
Wrapper 4 - 3

Average Word Count
Wrapper 3

5.0

5.6
+0.6
19

32

6.1
6.3
+0.2
32

5.9
6.3

26
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Average Word Count
Wrapper 4

% of Category Who
Planned to

Increase Study Time

Increase Problem Solve
Time

% of Category Who
Followed Thru

Increased Study Time

Increased Problem Solve

Time
% Who Improve from
Exam 1-2

% Who Didn’t Take
Exam?2 & Final

24

3%
28%

3%
8%

67%

0%

23

29%
29%

14%
21%

18%

14%

49

15%
41%

5%
19%

0%

27

7%
43%

7%
21%

7%

28

16%
29%

6%
23%

68%

0%

29

13%
17%

4%
4%

13%

30%

45

9%
9%

9%
9%

0%
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Appendix 2: How to Study for Organic Chemistry

Ways to Assess Yourself:

Topic1 | Do Introductory Problems Do Advanced Problems Topic 2

e Check your work against an
answer key.

e Try explaining your answers
out loud to a friend or
classmate.

e Tryto convince a friend or
classmate that your point of

ASSESS You&eli ASSESS Your§lf view is right (and theirs is

wrong).

Choose Action Choose Action e Take the assigned question

and modify it slightly but in a
lep )I/De(dhelp way that you think will

See Help Seeking matter and see if you can

I'm ingood
| nged
maqre

practice

. still answer it.
Guide
!

Help Seeking Guide:

1. Are you feeling lost about a specific topic or topics?
a. A good source for simple explanations of Organic Chemistry concepts is Organic Chemistry as a Second Language by Klein.
b. Sometimes a short, online video tutorial (no more than 10 minutes!) can help. See URLs listed above.
c. Don’t waste hours searching for or watching videos. If you don’t find what you need quickly, ask a classmate or the course instructor for
suggestions.
2. Are you getting some of the content, but missing bits and pieces, like parts of the HW you get right, parts you get wrong? Or you are not always sure why
you get things right or wrong? In these kinds of situations (where you need quick, short explanations), it can be very helpful to
a. Go to the tutors in the learning center.
b. Ask questions of your recitation instructor, e.g. before or after class or during office hours.
c. Ask questions of the lecture instructor, e.g. before or after class or during office hours.
d. Ask questions of your lab instructor during quieter times in the lab (when there are waiting periods or when lab ends early).
3. Are you feeling completely lost in the course?
This is a time to see someone like the course instructor (who is an expert at helping students succeed in Organic Chemistry) or another
mentor/advisor that you know well and trust.
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Appendix 3: How to Succeed In Organic Chemistry

How to Succeed In Organic Chemistry:

Set aside 10 hours per week of study time for this course.

Skim the textbook before class.

Attend class religiously and come on time to class.

Take notes in lecture.

Review your lecture notes as soon as you can after each class meeting.

Think of this class like a math class - problem solving is the most important thing.
Spend the majority (at least 75%) of your study time doing problems, not reading!
Do all the assigned homework problems (textbook and internet).

Practice each topic until you have mastered it. Don’t just stop when you have completed
the assigned problems. Make sure you really understand what you are doing.

Study with a partner or in a group.

Don’t be afraid to ask for help. Get help immediately if you get stuck.

ook~ ownE

o N
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