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An examination of student outcomes
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Twenty years ago, a major curriculum revision at a large, comprehensive university in the Western
United States led to the implementation of an integrated lecture/laboratory (studio) experience for our
engineering students taking general chemistry. Based on these twenty years of experience, construction
of four purpose-built studio classrooms to house the majority of the remaining general chemistry
courses was completed in 2013. A detailed study of the effects of the entire ecology of the studio
experience on student success was initiated at that time. Data from content knowledge pre- and post-tests,
learning attitudes surveys, and student course evaluations show positive effects on student performance,
the development of more expert-like learning attitudes, increased student engagement, and increased
student—instructor interactions vs. the previous separate lecture and laboratory instruction for non-
engineering students. Our data also show that an associated new peer Learning Assistant program increases

student engagement while also having positive impacts on the Learning Assistants themselves.

Introduction

The laboratory has long been an integral component of chemistry
education. While some have questioned whether chemistry
laboratory instruction is effective given its time and cost
(Hofstein and Lunetta, 1982, 2004), many of these criticisms
revolve around a lack of well-aligned and communicated objec-
tives (Reid and Shah, 2007). Quantitative and qualitative surveys
of faculty have shown that the degree to which laboratory work
complements other stated course learning goals is highly variable
(Bruck et al., 2010; Bretz et al., 2013). Moreover, students express
dislike when lecture and laboratory are not well-aligned
(Bieron et al., 1996), and concurrent enrollment in laboratory
has been shown to improve retention and performance in
introductory chemistry lectures (Matz et al., 2012). Because of
these concerns about time, cost, and laboratory alignment with
course learning objectives, instructional strategies in introductory
chemistry courses have evolved to include emphasizing laboratory
as the central component (Bopegedera, 2011; Hopkins and
Samide, 2013), integration of laboratory components into lecture
(Larsen et al., 2013), and a complete integration of laboratory with
all other components of the course in what we refer to as a studio
course.
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The studio model of an integrated lecture-laboratory experience
was introduced to our chemistry program in 1994 (Bailey et al.,
2000), though it was limited to the two-quarter introductory
chemistry sequence for engineering majors until 2013. In 2013,
we transitioned the majority of our remaining introductory
chemistry courses into the integrated studio environment
in new classrooms custom-built from the ground up for this
specific purpose. At that time, we redesigned many of our
laboratory experience activities to be more collaborative and
added undergraduate Learning Assistants (LAs) based on the
model developed at University of Colorado - Boulder (Otero et al.,
2006). In our current model, the studio chemistry courses meet
for either three 110 minute sessions or two 170 minute sessions
each week in either 48- or 64-person studio classrooms. The
courses are taught by a faculty member with assistance from
either one or two undergraduate LAs depending on class size.
In these studios, classes frequently transition between laboratory
work, computer simulations, small-group discussions, problem
solving, direct instruction, and formal and informal assessments.
Thus, it is not just a binding of lecture and lab as the title
integrated lecture-laboratory might imply.

Since our initial work on the studio model, other similar
studio models for providing an integrated learning experience
were developed. These include the studios introduced in physics
at Rensselaer Polytechnic Institute (RPI) (Cummings, 1999), the
Student-Centered Activities for Large Enrollment Undergraduate
Programs (SCALE-UP) developed at North Carolina State
University (Beichner et al., 2007; Gaffney et al., 2008), the TEAL
project at MIT (Dori and Belcher, 2005), studio chemistry
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courses at the University of Michigan (Gottfried et al, 2007)
(which have since been discontinued), and studio biology
at Mount St. Mary’s in Los Angeles (Nogaj, 2013). There are,
however, several characteristics that distinguish the studio
chemistry studied here from these other implementations. Of
note, in the University of Michigan implementation, graduate
students led the studio sessions, whereas faculty teach all of
our studio sections with assistance from undergraduate LAs.
Also, whereas RPI reduced its contact hours by one-third when
transitioning from a traditional to studio model (Cummings, 1999;
Wilson and Jennings, 2000), we have kept our contact hours (six
hours per week) constant. Additionally, the teaching assistants in
the RPI program received no additional training (Cummings, 1999),
whereas our LAs receive two hours of training each week. This
training consists of approximately one hour of specific training on
the upcoming activities including: (1) how to set up, calibrate, and
use spectrometers, gas chromatographs, and other equipment,
(2) how to ask divergent, leading questions that lead students
to discovering their own answers to questions, (3) how to assess
student competence in using techniques like spectroscopy, titra-
tions, graphing and data analysis, (4) how to manage and motivate
students to be effective and efficient at using their time during the
activities, and (5) how to manage safety and waste handling issues.
The second hour of training is a discussion of primary chemistry
education research literature designed to link research with their
classroom practice. The research articles discussed in training
include articles on understanding common student misconcep-
tions (e.g Ozmen, 2004), students’ difficulties linking macroscopic
phenomena with nanoscopic models through symbolic represen-
tations (e.g. Johnstone, 1982; Gabel et al., 1987; Gabel, 1993, 1998;
Keig and Rubba, 1993; Kozma and Russell, 1997; Wu et al., 2001;
Chittleborough, 2014), and evidence-based research on best
practices in curriculum design, pedagogy, and assessment (e.g.
Cole, 2015; Lamba, 2015; Taber, 2015).

Our LA model is loosely modeled after the LA program
developed at the University of Colorado — Boulder (Otero et al.,
2006) and implemented elsewhere (Goertzen et al, 2011).
In addition to the LA model, there have been many other
peer-guided learning models described in the research literature
including PAL, PLTL and SSG (Topping and Ehly, 1998; Coppola
et al., 2001; Varma-Nelson and Coppola, 2005). However, in most
of these implementations as well as most examples of the LA
model, the peer learning opportunities happen outside of the
regular classroom. Our implementation is different in that LAs
assist the faculty member in facilitating the primary classroom
rather than leading a separate course meeting. At the same time,
our LAs are not simply laboratory teaching assistants, working
with students only during laboratory activities. In addition, we
know of no reports describing the use of LAs in a studio class-
room environment. In our implementation, the LA is responsible
for assisting the instructor with encouraging and moderating
small group discussions, providing assistance to individual
students during problem-solving activities, discussions, and
laboratory activities, monitoring safety, and serving as a positive
role model to our students. Previous research has demon-
strated that LAs may be effective at these tasks in ways that are

qualitatively different from the instructor because students
see peer instructors as more relaxed, engaging, and relatable
than faculty (Denise Kendall and Schussler, 2012). In addition
to the benefits to the students in the classroom, given the
results of previous research on the LA model, we antici-
pate that the LA program should also provide benefits to
the LAs themselves: (1) the LAs strengthen their under-
standing of fundamental chemistry concepts by teaching
those concepts, (2) the LAs would graduate with considerable
teaching experience, which would be particularly useful for
students who receive teaching assistantships in graduate
school, and (3) the LAs may use their experiences to inform
their career choices (Otero et al., 2006, 2010; U.C. Boulder LA
Program, 2012).

Here we present a multi-focal study of the studio classroom,
measuring student exam performance relative to a traditional
lecture (3 h per week) and lab (3 h per week, concurrent
enrollment with lecture), student learning attitudes, student
and faculty opinions of the learning environment, and an
analysis of the effects of the integrated Learning Assistant
program. While there are several analyses of studio classrooms
in the literature which primarily focus only on student grades
as an outcome variable (Cummings, 1999; Wilson and
Jennings, 2000; Dori and Belcher, 2005; Gottfried et al., 2007;
Taylor, 2008; Cotner et al, 2013; Nogaj, 2013), this study
provides a more complete, novel, multi-component analysis
of the entire ecology of the unique studio classroom imple-
mentation by examining not only the studio versus traditional
environments, but also the effect of the inclusion of LAs, and
the variability across sections providing a more holistic picture
by using multiple evaluation instruments. Additionally, it
would be difficult to disaggregate the effects of the studio
curriculum and pedagogy, and the inclusion of Learning Assis-
tants in the classroom. Finally, because the LAs are also students
in our program, we aim to understand what impact participation
in the studio has on the general chemistry knowledge and
teaching attitudes of the LAs.

Theoretical framework

Though the studio chemistry curriculum has continued to grow
and mature from its initial introduction in 1994, we continue
to use the latest evidence-based approaches to inform the
development of our pedagogy and curriculum (Cole, 2015).
In particular, these pedagogical and curricular reform efforts
are guided by social constructivist learning theories that
emphasize the importance of active learning that is socially
mediated and which offers opportunities to explore multiple
levels of representation: macroscopic, symbolic, and nano-
scopic (Johnstone, 1993).

Active learning. Meta-analyses of hundreds of research
reports from STEM fields in general (Freeman et al., 2014)
and chemistry in particular (Towns and Kraft, 2011) demon-
strate that active learning experiences increase student content
knowledge, positively influence students’ learning attitudes,
and decrease failure rates. Active learning pedagogies such
as Problem-Based Learning (Hmelo-Silver, 2004), inquiry-based



laboratory and computer simulation activities (Stieff and Wilensky,
2003; Bransford et al, 2004; Lamba, 2015), interactive demon-
strations (Posner et al., 1982; Zimrot and Ashkenazi, 2007), and
peer-instruction (Coleman, 1998; Crouch and Mazur, 2001;
Varma-Nelson and Coppola, 2005) deemphasize passive accu-
mulation of knowledge and instead emphasize active construc-
tion of new knowledge. With this in mind, the studio curriculum
is expressly designed to include multiple hands-on integrated
active learning activities each class period. We believe this
design allows a level of integration of hands-on activities that
greatly exceeds what could be accomplished from simultaneous
enrollment in separate lecture/laboratory courses. The activities
are not just taught concurrently, but are comprehensively
integrated using the principles of backwards design to align
the learning goals of each activity with pedagogy and assessment
(Wiggins and McTighe, 2005).

In addition to a curriculum designed to foster student
activity, the physical classroom space has itself been transformed
from one designed only for lecture to one that encourages
hands-on explorations of chemical phenomena, simulations,
and modeling. In the studio, students are seated in clusters of
six or eight (see Fig. 1), with a significant amount of space
between the clusters to allow the students and the instructional
staff to circulate freely. Students have ready access to computers
as well as laboratory glassware, instrumentation, and chemicals
located at their clusters or stationed in buffets around the room.

Socially mediated. Students in the studio classroom are not
just actively constructing knowledge on their own, but that
knowledge construction occurs in the context of a curriculum
and physical space intentionally designed to foster continual
student interaction (Vygotsky, 1978). There is much evidence
that learning opportunities that foster collaboration can
assist students in the construction of new understandings
(Johnson et al., 1998, 2007; Johnson and Johnson, 1999). Our
activities are designed to be cooperative (Coppola and Lawton,
1995), and many, in fact, cannot be completed by one student
without cooperating closely with several peers, sometimes
including crowd-sourcing data with the entire class using
cloud-based services (Denton, 2012). Again, the physical space -
the close proximity of students to each other and their physical
orientation facing each other - reinforces the cooperative nature
of each class experience. Though there is an instructor station,

it is visually deemphasized and students’ attention is directed at
each other, rather than at the front of the room.

Visualization. Chemistry students have particular difficulty
linking the macroscopic phenomena observed in chemistry
laboratory activities with the nanoscopic particulate nature of
matter as well as the symbolic representations that chemists
use to describe both, which has been shown to pose a signi-
ficant difficulty in learning chemistry for students (Johnstone,
1982; Gabel et al., 1987; Gabel, 1993, 1998; Keig and Rubba,
1993; Kozma and Russell, 1997; Wu et al., 2001; Chittleborough,
2014). In the studio classroom, the use of molecular modeling
and simulation software including Models 360 and WebMO
(Prat-Resina et al, 2016; The Concord Consortium, 2008)
before, during, and after observing macroscopic phenomena is
integrated directly into the hands-on activities. We believe this
tight integration forces students to explain, on a nanoscopic
level, the results from the macroscopic phenomena they
observed in the laboratory using chemical symbolism. At the
same time, the inclusion of the technology in the classroom
means that these explorations of visualizations can happen
immediately while the laboratory activity is happening, rather
than some time after the experience (Taber, 2015).

Case study

Rather than the traditional model of lecture followed by a
single laboratory experience up to a week later, in the studio
short direct instruction episodes and small group discussions
can contextualize the material while students are actively
working on gathering, analyzing, and reporting data with their
peers. This alone, however, does not distinguish the studio
from a well-designed laboratory meeting where students interact
with each other and the instructor. The potential advantages of
the studio approach are best seen when looking across multiple
class meetings where activities can be broken into pieces and
interspersed with relevant instruction over time. In practice,
this means that students can collect data on one day while
learning a technique, have time to process the data, then return
another day to perform a related experiment with a higher level
of sophistication. An example of a series of activities that
incorporate socially mediated, active learning opportunities
that emphasize visualization is our module on intermolecular
forces adapted in part from Csizmar et al. (2011). While the

Fig. 1 Panoramic photograph of a 64-student studio classroom.



data collection described below could all be done in a single
3 hour lab period, the students have an opportunity to
draw conclusions from each part before being exposed to
increasing levels of complexity in the activity. These activities
described below follow a previous week of activities intro-
ducing students to drawing Lewis structures, using the
structures they draw to infer common bonding structures,
translating between Lewis structures and physical and compu-
tation molecular models, and using those models to identify
isomers (Kiste et al., 2016).

Day 1. Students get a brief interactive lecture on electro-
negativity and bond polarity. This includes time for solving
practice problems while the instructor and learning assistants
circulate to help students. The students then work collabora-
tively at the studio computers to complete an activity using
WebMO (Mashl et al., 2013) to compute partial charges, electro-
static potential maps, and molecular dipole moments for a
variety of molecules. Students relate the bond dipoles to the
overall molecular dipole and discover the role that symmetry
plays in permanent dipole moments. The instructor leads a
whole class-discussion to summarize the activity and previews
that polarity will be one factor that influences how molecules
interact with each other.

Day 2. Before class, students complete an out-of-class exercise
drawing molecular structures for a series of isomers and
looking up the physical properties of the compounds they draw
such as boiling point. In addition, students watch a brief
5 minute video introducing them to the set-up of the GCs they
will use and proper injection and data analysis techniques.
Then, in class, the students have small group discussions about
the structures of molecules and making predictions about
shape and polarity based on their previous class activity. The
students then perform gas chromatography using Vernier Mini
GCs, injecting each of the molecules from their exercise as
well as a mixture of the molecules. Students are led to two
conclusions from this: (1) the retention times are the same
regardless of whether the molecules were introduced in a pure
form or in a mixture, and (2) there is a correlation between
retention times, boiling points, and molecular structures. The
instructor then provides some direct instruction about the
types of intermolecular forces and the students work in small
groups to make predictions about a series of molecules with
increasing structural complexity.

Day 3. Before class, students complete an out-of-class
exercise where they answer questions about the relationship
between boiling point and molecular structure by watching
simulations (The Concord Consortium, 2008) and referring to
their data from the previous class meeting. After an in-class
review of the previous two activities and an opportunity to
practice solving problems for simple molecules, students
engage in another activity with data collection and molecular
modeling. Each group of eight students receives four mixtures
containing three compounds each. Each pair of students gen-
erates a gas chromatogram for their mixture and performs
a computational modeling exercise to examine the structural
characteristics of the molecules in the mixture, thus using

visualization to link the nanoscopic and macroscopic levels of
description. These mixtures are constructed so that each pair
of students will be able to draw conclusions about a single
particular structural characteristic such as molecular mass,
or the presence or absence of hydrogen bond donors and
acceptors and the effect of that characteristic on the inter-
molecular interactions and thus macroscopic properties (e.g.
boiling point) of the molecule. The students then work in their
small groups to share their data and conclusions with each
other to develop a more sophisticated model. Since no single
student or group has all the data, the trends cannot be
elucidated without working cooperatively with other students
and their data. While doing so, the instructor and learning
assistants engage students in small group discussions about
the nuances of how the structure relates to the strength
of intermolecular forces. Because students are already versed
in the GC technique and because they have already carried
out earlier modeling exercises relating electrostatic potential
maps and dipole moments, they are prepared to tackle
more complicated questions. They are able to think critically
about ideas such as why some non-polar molecules may
have higher boiling points than some molecules that can
hydrogen bond.

Through this multiple-class sequence, the cognitive load of
learning either an experimental or computational technique is
separated from applying the technique to more complicated
systems. Pre-class activities are designed to prime students for
learning and provide instruction about techniques. In-class
instruction of new ideas is also broken into smaller pieces,
interleaved into the appropriate places within the scaffolded
activity. Like the majority of our activities, this activity is
designed to be modular with multiple out-of-class preparation
activities (Carnduff and Reid, 2003), and a multi-part procedure
so that it is flexible and can be integrated into other classroom
activities such as small group discussions, problem-solving
practice, direct instruction, and formative assessments to
create a coherent, integrated, and holistic experience.

Research questions

Given our theoretical framework that socially mediated active
learning opportunities that emphasize visualization should
increase student content knowledge, positively influence students’
learning attitudes, and decrease failure rates by assisting students
in making connections between macroscopic phenomena and
nanoscopic levels of description, compared to traditional
separated lecture and laboratory classes:

(1) What is the effect of the studio environment on student
content knowledge, as measured by student performance on
the final exam?

(2) What is the effect of the studio environment on course
grades and failure rate?

(3) What is the effect of the studio environment on the
development of student learning attitudes?

(4) How do students and faculty evaluate the studio environ-
ment compared to traditional separated lecture/laboratory
classes?



(5) What effect does the LA experience have on LAs’ general
chemistry content knowledge?

Methods

Our theoretical framework not only guided the research ques-
tions we have asked, but also the methodologies we used to
answer those questions. In order to examine the collaborative,
active learning environment of the studio classroom we
examined student content knowledge, but also included affec-
tive measures such as student learning attitudes and student
and instructor opinions about their experiences. These addi-
tional measures allowed us to examine aspects of the environ-
ment that are not readily described by student final exam
grades alone, such as the level of student-instructor and
student-student interaction vs. a traditional setting, as well as
students’ conceptual connection-making, and their atomic/
molecular-level chemistry perspectives.

Study context

720 students in the first-quarter course in a year-long intro-
ductory chemistry sequence from the fall of 2012 (Traditional)
and fall of 2013 (Studio) volunteered to participate in the study
across 9 sections at a large, comprehensive university in the
Western United States. Of the 720 students, 36 were removed
from the study due to the omission or incorrect entry of the
student ID number on the diagnostic or final exam. This
represents 653 unique individuals, as 31 students were repeating
the course in the second term studied. 426 students were
included from fall of 2012 and 258 from fall of 2013. The
demographics of the 684 students included in the study are
summarized in Table 1. These courses are taken primarily by
first- or second-year students, but there are students of junior
and senior standing in the analysis as well. Many of the
students listed as sophomores were first-year students, but
their standing is calculated on units earned including AP and
transfer credit. More students came from the College of
Science and Mathematics than from any other college, but
many students also came from both the College of Agriculture
Food and Environmental Sciences and the College of Engineering.
Very few students came from the University’s other colleges.
No data on gender or ethnicity was collected for this study due
to institutional restrictions regarding the collection of that
information.

All 22 LAs from the fall of 2013 and winter of 2014 quarters
voluntarily participated in data collection at the beginning and
end of the first quarter during which they were LAs, that is,
while there was some overlap between students who were LAs
in the fall and those who were LAs in the winter, each LA
participated in data collection only once, in the first quarter
that they were an LA. All LAs were chemistry or biochemistry
majors and ranged from sophomore to senior standing.
A second group of 8 students, who were not LAs, volunteered
to participate in the study. This group of students was also all
chemistry or biochemistry majors, had completed similar

Table 1 Demographics of students included in final exam analysis from
Fall 2012-Fall 2013 for 684 subjects

Fall 2012 Fall 2013

Traditional  Studio
Class standing (n = 426) (n=258)
Freshman 1.8% 18.9%
Sophomore 30.4% 50.9%
Junior 45.0% 23.3%
Senior 22.8% 6.9%
College
Science & mathematics 42.3% 43.3%
Agriculture, Food & Environmental Sciences  25.9% 34.9%
Engineering 27.9% 19.6%
Liberal Arts 2.7% 0.7%
Business 0.9% 0.4%
Architecture & Environmental Design 0.2% 1.1%
Average GPA
University GPA 2.98 2.93
High School GPA 3.95 3.91
Average SAT
SAT Math 655 640
SAT Reading 633 622
Combined SAT 1288 1262
Average ACT
ACT Math 28.3 27.7
ACT Reading 27.5 27.6
Composite ACT 27.3 271

coursework relative to the LA group, and met the same GPA
requirements to be LAs, but had not applied to the program.
Neither the LA group nor the peer group had taken any studio
courses prior to participation in the study and the peer group
did not participate in the studio courses in any way during
the study.

Student performance

To assess the differences between studio and traditional
courses, several instruments were used. Prior preparation for
the course was measured using the 2006 form of the American
Chemical Society California Chemistry Diagnostic Exam, a
validated, nationally normed exam used as a placement exam
for introductory college general chemistry courses (KR-21 =
0.83) (Russell, 1994; Legg et al., 2001). Post-course content
knowledge was evaluated using performance on a common
final exam, which was not returned to students, and strict exam
security was maintained in order to use it over the multiple
years of the study. This exam has an average student score of
65.5%, an overall point biserial of 0.38, the point biserials for
individual questions range from 0.18 to 0.58, and KR-20 = 0.87.
These statistics remain consistent year over year. From 2012 to
2013 there were some curricular changes in the course -
notably the removal of a section on calorimetry — and questions
pertaining to that topic were removed from the final exam.
To make the most objective comparison between the two terms,
only the 39 questions (out of 45 on the exams) common to both
Fall 2012 and Fall 2013 exams were used in this study.



We compared average student performance on the final
exam from four traditional sections of the first quarter of
introductory chemistry offered in the fall of 2012 to five studio
sections of the same course in the fall of 2013 taught by
the same four instructors (one instructor taught two studio
sections in 2013). Because all sections of this course were
converted to the studio in the same quarter and there was
no simultaneous random assignment of students into experi-
mental and control groups, the effect of studio courses is
confounded with time.

To verify that any changes observed were not better
explained by a change in the incoming student population,
the diagnostic assessment was given at the beginning of the
term. The assessment exhibited a slight non-linear relationship
with the final exam grade, where students who did well on
the diagnostic also did well on the final exam, but students
who scored much higher or lower on the diagnostic test only
performed slightly better or worse than the students who
scored slightly above or below average respectively. Because of
the nonlinear relationship, students were sorted into clusters
based on their diagnostic score instead of directly using the
raw diagnostic score in the analysis. A hierarchical clustering
technique was used to sort students into 4 clusters; the number
of clusters was chosen based on a visual inspection of the
clustering hierarchy (see Appendix 1) and the same technique
was used for sorting students in both the traditional and studio
treatment groups. This allowed us to use the ordinal clustered
data in place of the continuous diagnostic score to account
for the non-linear relationship. While there are other statistical
methods that can be used on non-linear data, we utilized
hierarchical clustering in order to examine whether or not
any predictors demonstrated differential effects based on
student preparation as measured by the diagnostic exam. To
measure the effects of a studio-style course, several additional
factors were included in the model. In addition to whether or
not the student was enrolled in a studio course, we included in
our model which instructor the student enrolled under, which
section the student enrolled in, whether or not the student
enrolled in a supplemental workshop (an optional, two-hour,
once per week, peer-led problem-solving recitation section
which could be taken by students enrolled in either the traditional
or studio environment), and the student’s level of preparedness,
as measured by the diagnostic exam.

When each level of a factor can co-occur with each level of
every other factor, the experiment is considered a crossed
design; if levels of one factor can only co-occur with one level
of another factor, the first factor is said to be nested under the
second factor. In nested designs, each level of the nested factor
becomes an experimental unit for the factor under which it is
nested (Montgomery, 2013). Because each section can only be
offered by one instructor and must be taught as either a studio
or traditional course, the Section factor is nested under the
Instructor and Studio factors. Thus, when comparing the studio
courses to traditional courses, we are analyzing the variability
between sections rather than the variability between individual
students. This reduces the power of our test, but the results are

still significant. Both the Instructor and Section factors are
random factors because the instructors and sections measured
here are only a random sample of the possible instructors and
sections that could be tested. The effects of these particular
instructors and sections are only of interest to control the
variance that is introduced by these factors in general. No other
student demographics are used as covariates in this model to
avoid multicollinearity with the diagnostic test. In total there
are 2 levels of the Studio and Supplemental Workshop factors,
4 factors of the Instructor and Diagnostic Cluster factors, and
9 levels of the Section factor.

Learning attitudes

Students’ learning attitudes were measured with the Colorado
Learning Attitudes about Science Survey for Use in Chemistry
(CLASS-Chem) (Adams et al, 2006, 2008a). This validated
survey probes student beliefs about learning chemistry and
compares those beliefs to expert responses. Students took the
CLASS-Chem survey on the first day of class (pre) and the end
of each quarter just before the final exam (post) in the Fall
2013 studio courses. Survey data were analyzed using the
published CLASS Analysis guidelines (Physics Education
Technology and Physics Education Research Group at Colorado,
1998). Instructor 1 did not provide post-quarter surveys, so the
analysis was limited to the students from Instructors 2, 3, and 4.
Of the 167 students from these sections, 126 completed both
pre- and post-surveys that could be matched by correct student
ID numbers. One of these surveys was not included because the
student failed to complete 5 of the survey questions. The
students who completed the CLASS survey closely mimic the
performance of the overall population on the diagnostic exam;
the distribution of students into the four diagnostic clusters
is very similar for the overall population and the CLASS
survey group.

Opinion survey

At the completion of the fall 2013 quarter, students and
instructors were asked to complete a survey to provide their
qualitative opinions about how the studio compares to a
traditional course setting, rating each question on a Likert
scale (« = 0.74, for the student survey). The survey was informed
by our theoretical framework as well as concerns that had been
expressed by faculty and other researchers about the studio.
For example, we asked questions about student-faculty, and
student-student interaction, and connecting concepts in order
to examine whether students believed that they were engaging
more in socially mediated, active learning pedagogies in
the studio classroom. Other questions, such as whether or
not students had trouble staying focused, or were more nervous
or uncomfortable in the studio were created to address con-
cerns by faculty that the studio environment may be too busy
for students to stay focused on their learning.

In addition, students completed a 13-question survey asking
their opinions about how this course that included LAs com-
pares to a course without LAs using a 1-5 Likert scale (« = 0.72).
We used questions designed to parallel those used for the



studio portion of the survey. The complete survey can be found
in Appendix 3. A total of 227 students completed the student
survey (88% response rate) and 15 instructors who have taught
in the studio completed the instructor survey (11 instructors
in addition to the four whose students are included in this
analysis). Several instructors also provided written reflections
on their experiences teaching in the studio classrooms.

Learning assistants

To examine the impact of working in the unique studio
environment, the LAs and their non-LA peer group also
completed the 2006 American Chemical Society California
Chemistry Diagnostic exam at the beginning of the quarter
and completed the same common final that all introductory
level general chemistry students are given at the end of the
quarter. They were also given a questionnaire that consisted of
14 questions about the practice of teaching, general chemistry
course material, and their interest in teaching as a career from
materials produced by the University of Colorado - Boulder
(Learning Assistant Program, 2012). Using Grounded Theory
Analysis (Glaser, 1992; Glaser and Holton, 2007), their
responses were coded with regard to their critical features
and then collected into categories based on grouping the
concepts, such as their comfort with the course material,
the nature of their beliefs about pedagogy, and whether or
not they expressed interest in teaching as a future career.
Examples of words or phrases indicating subjects’ high or low
level of comfort with the course material and beliefs regarding
pedagogy are shown in Table 2. Inter-rater reliability on 50%
of student responses showed a substantial 87.7% agreement
(Cohen’s k = 0.75).

Table 2 Examples of words and phrases used to code LA questionnaires

Level of comfort with the course material

Comfortable

Approachable Fair

Navigate Network

High standards Mastering material
Fun Positive experience
Uncomfortable

Uncertain Unfair
Unenthusiastic Graduate prep
Unapproachable Negative LA

Not challenging Negative experience

Beliefs regarding pedagogy

Expert-like

Simulation Assist

Collaboration Exploration
Multiple perspectives Network

Translator Efficient

Facilitate Checkpoint
Navigate Concept reaffirming

High standards

Novice-like
Uninformed
Suggest
Correcting

Passive
Question answer

Results
Student performance

Table 3 shows the average final exam grades for studio classes
for the first quarter of introductory chemistry in the fall of 2013
were higher than those of traditional classes in the fall of 2012.
This trend was true for all sections taught by all four instructors
in the study group. When controlling for student preparedness
with the diagnostic exam, the average score on the final exam
improved from the traditional to studio implementations
within each of the four clusters. While we cannot explicitly rule
out class-size effects, it should be noted that while the lecture
size was larger in the traditional format, the lab sizes were
comparable in both the traditional and studio implementations.
The increase is larger for the lower three performing clusters,
however this is likely a ceiling effect and not a differential effect
of the studio based on student preparedness prior to enrollment.

The data also revealed a slightly higher average final exam
grade for students who elected to enroll in a supplemental
workshop. While enrollment in the optional workshop is subject
to a self-selection bias, the benefit of enrolling in a supplemental
workshop was greater for students in the studio classes than in
the traditional setting. Students in all four diagnostic clusters
benefited from enrolling in the supplemental workshop, though
the majority (75%) of students who elected to participate were in
the lower two clusters.

The model indicates that the three factors: studio vs. tradi-
tional setting, diagnostic exam cluster, and supplemental
workshop enrollment each have a significant effect (p < 0.02
for each factor) on the final exam score. See Appendix 1 for
additional information on the fixed effect test. In the context
of the complete model, the two factors of interest, studio
enrollment and Supplemental workshop enrollment, are both
significant. Here we use the Least Squares mean (LS mean) as a
more accurate estimate for the factor’s effect than the mean

Table 3 Tabulation of sample size and mean final exam grade with
standard error of the mean

Mean final exam grade

N Traditional N Studio

Total 426 64.2 + 0.8 258 715 +£ 1.1
Instructor
Instructor 1 118 65.8 + 1.5

47 68.3 + 2.4

44 73.5 + 2.5
Instructor 2 120 67.7 + 1.3

52 729 + 2.4
Instructor 3 72 55.2 + 1.9

54 65.2 + 2.7
Instructor 4 116 64.4 + 1.4

61 76.9 + 2.2
Diagnostic Cluster
Low 39 51.5 &+ 3.0 50 63.9 + 2.7
Mid-low 151 57.7 £ 1.2 97 66.2 + 1.8
Mid-high 151 67.2 + 1.1 76 79.0 =+ 1.6
High 85 76.1 £ 1.1 35 80.7 £ 2.7
Supplemental workshop
No 386 64.1 + 0.8 165 69.7 = 1.4
Yes 40 65.3 + 2.4 93 74.8 + 1.7



from the raw data because the LS mean controls for the other
factors in the model. Consequently, the results here are the
isolated effects of the studio and supplemental workshop
treatments. Students enrolled in studio courses are expected
to score 9.2% better on the final exam on average; the
95% confidence interval for the difference is (3.5%, 15.0%).
Similarly, the mean exam score from students who elect
to enroll in supplemental workshops is expected to be 3.9%
higher and the 95% confidence interval for the difference is
(0.6%, 7.1%). See Appendix 1 for additional details.

We also examined the number of students who received
repeatable grades (D, F, or W) in the courses converted to the
studio format (see Appendix 2). In the terms following
the conversion to the studio format, there were decreases in
the number of students who earned repeatable grades. There is
large variability in repeatable grades between terms and while
we cannot state that these decreases are statistically significant,
the trend is in a favorable direction. The improvement in scores
on the common final exam that can be attributed to the studio
setting along with a decrease in repeatable grades suggests that
the studio implementation has had a positive impact on grades
and retention.

Learning attitudes

Students in the Fall 2013 introductory studio chemistry course
completed the CLASS-Chem instrument on the first day of class
and immediately prior to the final exam. Table 4 shows the
shifts in favorable (expert-like) attitudes for students in the
studio classes in this term. Students in these sections demon-
strated shifts toward more expert-like learning attitudes, which
is striking because for both CLASS-Phys and CLASS-Chem,
downward shifts across most or all categories are typical in
introductory courses (Adams et al., 2004, 2006, 2008a; Perkins
et al., 2007).

While CLASS data was not collected for the traditional
course in the fall of 2012 before all of the sections were
converted to the studio format, a direct comparison to other
CLASS data from the literature is informative. The last two
columns of Table 4 compare the students in these studio
classes to the 697 students of Adams et al., (2008a, 2008b). For
every category, the students from the comparison study showed
negative shifts over one semester of general chemistry I. Students
in the studio courses, in contrast, only showed a negative shift in

the category (Real World Connection) that was the most
negative shift from the previous study. Positive shifts exceeding
two standard errors were seen in all but two of the other
categories for the studio courses, including increases in the
“Personal Interest” and “Problem Solving: General” categories
of 9% and 8%, where the literature showed decreases of 9%
and 6%, respectively. Adams et al. suggested that shifts in
students’ beliefs on the CLASS instrument can be correlated
to various teaching methods; the studio environment studied
here appears to be quite promising as measured via this
instrument. The Conceptual and Atomic-molecular Perspective
categories showed particularly strong positive shifts, areas
specifically targeted in the theoretical framework for the studio
implementation.

Table 5 shows the CLASS survey data disaggregated by
diagnostic cluster. The students who performed higher on the
diagnostic exam tended to enter the course with more expert-
like learning attitudes. In some cases, the students from the
higher diagnostic clusters showed more favorable shifts in
learning attitudes (e.g. Problem Solving: Confidence, Conceptual
Learning) than students in lower clusters. In the case of the
“Atomic-Molecular Perspective of Chemistry” category, the high
cluster showed a much smaller shift than all three of the other
clusters, though it was also the category where the pre-course
scores for that cluster were most elevated relative to the other
clusters. In most cases, however, the shifts between clusters
were not distinguishable given the variances within the
populations. This suggests that on the learning attitudes mea-
sured by the CLASS survey, the studio environment does not
have a discernible differential effect on students clustered by
their incoming level of preparation.

Opinion survey

While student opinions about pedagogy may not be particularly
well-informed, we believe a measure of student satisfaction is
valuable alongside more robust measures of learning outcomes
and attitudes. Student responses regarding their opinions
of studio courses relative to their experiences in traditional
lecture/lab were overwhelmingly positive. While the majority
of our students had not experienced a traditional lecture/
laboratory college-level chemistry course, given the science,
agriculture, and engineering majors represented by population,
many were simultaneously enrolled in lecture/laboratory

Table 4 CLASS survey scores for Fall 2013. The uncertainties listed for the shifts are the standard errors in the shifts

Favorable precourse

Survey response categories response (%)

Favorable postcourse
response (%)

Post-pre response
shift (%)

Post-pre response shift from
Adams et al. (2008a, 2008b) (%)

Overall 60 66
Personal Interest 54 63
Real World Connection 69 64
Problem Solving: General 70 78
Problem Solving: Confidence 77 81
Problem Solving: Sophistication 50 62
Sense Making/ Effort 75 75
Conceptual Connections 60 71
Conceptual Learning 45 57

Atomic-Molecular Perspective of Chemistry 60 72

61 51
9+2 —-9+2
—-5+£3 —12 &£ 2
8£2 —6£2
4+3 —-8+2
12 +3 —4 £2
0+2 —10 £ 1
11+2 —4+2
12 £ 2 —2£2
12 +3 —2+£2



Table 5 CLASS survey scores for Fall 2013 broken down by diagnostic cluster. The Pre and Post columns indicate the percent of students with a
favorable (expert-like) learning attitude at the beginning and end of the term, respectively. The uncertainties listed are one standard error of the mean

Low cluster (n = 22)

Mid-low cluster (n = 43)

Mid-high cluster (z = 39) High cluster (n = 21)

Survey response categories Pre Post  Shift Pre Post  Shift  Pre Post Shift Pre Post  Shift

Overall 55+3 57 %3 2+457+2 64£3 72 63+£2 70£3 8+2 69+376+3 7+£3
Personal Interest 47 £4 53 £7 6+652+3 624 10+3 58£3 66E5 75 60+473+6 13+4
Real World Connection 66+6 47 +7 —-19+868+4 63+4 —5+4 68+£5 71+5 2+£5 75+669+6 —6=E6
Problem Solving: General 59+465%5 6+664+3 74+4 103 77+3 833 6+3 81+58+3 8%£5
Problem Solving: Confidence 72+£568+6 —-3+774+480+t4 5+481+3 8+4 4+4 81+692+3 11+6
Problem Solving: Sophistication 3+544+5 10+645+4 58+4 12+4 60+4 704 10+4 58+773+4 15+7
Sense Making/Effort 75+473+£4 —-2+570+£3 71+4 1+£3 77+3 75+£3 —2+2 83£384+3 1+4
Conceptual Connections 48 £555%5 6+656+t4 69+4 14+5 66+3 764 103 71+£584+4 13 L5
Conceptual Learning 35+540£6 5+646+4 524 6+4 49+4 65+4 16+4 476 69+t5 22+6
Atomic-Molecular Perspective of Chemistry 52 +6 62 +6 11 +7 57+4 72+4 15+4 59+5 74+4 15+4 77+6 80+5 3+6

courses in biology, physics, and/or engineering and/or had
enrolled in lecture/laboratory courses previously. Those who
had not had such experiences could indicate a “neutral” answer
on the Likert-style survey. Responses were simplified to agree,
disagree, and neutral with a rating of 1 or 2 being agree, 3 being
neutral and 4 or 5 being disagree. The results, shown in Fig. 2,
indicate that the students clearly prefer studio style chemistry
courses over traditional courses. The majority of students agreed
with each statement that compared studio courses positively
to traditional courses and the majority of students disagreed
with negatively worded statements. Instructor responses, shown
in Fig. 3 were also generally positive or neutral.

Both student and instructor responses indicated a preference
for the studio courses and felt that it led to better peer—peer and
peer-instructor interactions, conceptual connections, and was

overall better for learning chemistry. These responses run
parallel to the CLASS-Chem attitudes survey results that
showed growth toward expert-like thinking in areas such as
conceptual connections. Considering that the studio’s design
and the curriculum we have developed are based on discipline-
based education research in chemistry (Cole, 2015), these
results are not surprising. Particularly promising, however,
are these positive opinions given that previous studies have
demonstrated that students are sometimes resistant to the
implementation of non-traditional teaching practices that
add a higher level of interaction or minimize lecture
(Knight and Wood, 2005; Silverthorn, 2006; Cummings, 2008;
National Research Council, 2015).

One concern that was expressed by faculty prior to the broad
implementation of the studio model was that the physical

Student Opinions of Studio Courses
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Fig. 2 Positive, neutral, and negative student responses to course evaluation questions. Each question began with the stem: “Compared to a traditional

lecture/lab course, in the studio classroom ..." (n = 227).



Instructor Opinions of Studio Courses
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Fig. 3 Positive, neutral, and negative instructor responses to course evaluation questions. Each question began with the stem: “Compared to a

traditional lecture/lab course, in the studio classroom ...” (n = 15).

space - the computers, the close arrangement of students
facing each other, etc. - would be distracting to students.
However, students report that they do not have a greater trouble
focusing in class vs. a traditional classroom setting and the
majority of faculty do not believe the setting is distracting.

Faculty report that the workload for teaching studio is
higher than for a traditional course. However, given that these
surveys were conducted at the beginning of the changeover to
the studio environment, the high workload may be due to the
work required to adapt to the environment initially. In spite of
the faculty’s perception that the workload was higher, the
majority reported that they enjoyed teaching in the studio more
than teaching in a traditional setting.

Several instructors provided written comments regarding
their experiences teaching in the studio classrooms:

Instructor 1: “The opportunity to move fluidly between
instructional modes allows for a more student-centered classroom,
rich with opportunities for formative assessment. The ability to
break laboratory experiments into multiple components allows
students to do more guided inquiry with an opportunity to process
information and develop connections that are more difficult in the
constraints of a traditional lecture/lab format.”

Instructor 2: “Compared to a traditional lecture/laboratory
course, the studio affords far more flexibility to closely integrate
all course activities at any time, including laboratory activities,
demonstrations, simulations, computational modeling, and
direct instruction. However, in a traditional lecture/laboratory

course, students have a single lab at some point during the
week. Thus, depending on the timing of lecture and lab, it is
possible for students to have a laboratory experiment a week
before or after they encounter the concepts in lecture, which
makes the class experience less cohesive for students.”

Instructor 3: “The dynamic, interactive nature of the class-
room constantly challenges me to find new ways of presenting
material and better ways of getting students involved in the
learning in a hands-on manner. Being able to teach in an
environment in which I can present content to the entire class
and then immediately have the students apply this content in
a hands-on laboratory activity is so amazing - it’s the way
science should be taught and how students can best learn
I think.”

Instructor 4: “In the studio classroom we have integrated
the lecture and lab curricula and literally torn down the wall
between the lecture and lab. I have been able to use lab
experiences to motivate discussion and introduce material or
reverse this and supplement discussion with hands-on lab
activities. I can stop and start with one-on-one instruction,
peer discussion in groups, even traditional, and more passive,
lecturing while I sandwich these activities around lab experiences.
All of this leads to a much more dynamic, active, and yes
sometimes even chaotic environment where peer learning and
learn-by-doing strategies can be easily employed. Of course all
of this activity requires more preparation on the part of the
instructor but the rewards more than compensate.”



Table 7 The total number of statements made by both groups regarding

1.0- [ the likelihood of engaging in teaching careers in the future. (Percentages
of all statements coded are given in parentheses.)
0.9 l I LAs Non-LA peers
g —— Pre (%) Post (%) Pre (%) Post (%)
K 08+ Yes 24 (33) 27 (41) 11 (41) 4 (21)
e No 28 (39) 22 (33) 10 (37) 8 (33)
S Maybe 20 (28) 17 (26) 6 (22) 11 (46)
g 07+ .
w
o
D06,  m—t— significantly different between groups. Comparing both groups’
< statements regarding their comfort with the general chemistry
content, both groups reported being equally confident before
0.5 i . !
and after the quarter, despite the fact that the final exam data
_ indicated content knowledge substantially increased for the
Bt LAs, but not for their peers.
LA Group Peer Table 7 shows the number of statements that LAs and their

Fig. 4 Comparison of diagnostic (gray box) and final exam performance
(white box) for LAs (N = 22) and the non-LA peer group (N = 8).

Learning assistants

Sixteen Learning Assistants (LAs) and seven of their non-LA
peers volunteered to take the same diagnostic and final exam
that students in the first-quarter general chemistry class did.
Fig. 4 shows that the two groups showed similar performance
on the diagnostic exam at the beginning of the quarter with the
range for the LAs including lower scores than the range for
the peer group. On the final exam at the end of the quarter,
the group of LAs out-performed their peers. While we cannot
state with confidence that the means for the two groups are
different on the final exam due to the small sample size
(p = 0.07 in a one-way ANOVA), it is striking to note that nearly
50% of the LAs scored higher on the final exam than all of their
non-LA peers. Additionally, nearly 75% of the LAs scored above
the median peer score on the final exam. Given that the LA
group had slightly lower scores on the diagnostic exam, this
suggests that the LA experience may significantly improve
general chemistry knowledge.

Table 6 shows the results of coding the questionnaires
for both the LAs and their non-LA peers. The total number of
statements about their beliefs regarding good teaching are
higher than their novice beliefs for both groups, and these
do not change significantly during the quarter, nor are they

Table 6 The total number of statements made by both groups regarding
their beliefs about pedagogy and their comfort with general chemistry
content. (Percentages of all statements coded are given in parentheses.)

LAs Non-LA peers
Pre (%) Post (%) Pre (%) Post (%)
Pedagogy Novice 135 (39) 116 (37) 41 (36) 49 (39)
Expert 211 (61) 195 (63) 73 (64) 78 (61)
Content  Comfortable 116 (74) 122 (75) 50(83) 41 (82)
Uncomfortable 41 (26) 42 (25) 10 (17) 9 (18)

peers made that were positive, negative, or undecided regarding
a future teaching career at the K-12 or university levels. There
was no significant difference in either group over the quarter,
nor between groups. However, there was a larger percentage of
statements by students in the non-LA peer group that were less
certain, positively or negatively, about teaching as a career. While
this could be a selection effect, initially the percentage of positive
statements made by the non-LA peer group about a future
teaching career is higher (41%) than the percentage of positive
statements made by LAs (33%). The uncertainty of the Non-LA
peer answers suggests that the experience of being an LA
increases LAs’ certainty about their interest or disinterest in a
future teaching career.

As with their opinions about the studio course, student
opinions of the inclusion of LAs in the course were over-
whelmingly positive, as indicated by the opinion survey they
completed. Responses were simplified to agree, disagree, and
neutral with a rating of 1 or 2 being agree, 3 being neutral and
4 or 5 being disagree. The results, shown in Fig. 5, indicate that
the students clearly prefer courses that include LAs. The
majority of students agreed with each statement that presented
LAs in a positive manner and the majority of students disagreed
with statements that portrayed LAs negatively.

Discussion and conclusions

Our goal with this research was to document as many aspects
of our studio classrooms as possible in order to explore the
entire ecology of the classroom and the ways in which different
aspects of the intervention impact students. Unlike previous
studies of studio classrooms which focused on only student
performance as measured by final grades (e.g. Matz et al., 2012),
we have utilized a multifocal analysis that examines the effect
of studio vs. traditional environments, the effect of variability
by section, and the impact of additional learning resources
by measuring not only student performance, but learning
attitudes and student and faculty beliefs. This holistic approach
leads to several conclusions that can be made about the studio



chemistry at this university as it stands today, nearly 20 years
after it was first introduced.

Our model demonstrates that student content knowledge
as measured by student performance on the final exam is a
statistically significant 9% higher in the studio vs. traditional
classroom comparison. Other factors which play a role in
the ecology of these classes are students’ prior preparation as
measured by the ACS diagnostic exam, and their enrollment in
a supplemental workshop. We believe our data demonstrates
that the studio environment is superior to the traditional
environment for improving student content knowledge by
engaging multiple modes of learning in a social environment
with a highly cohesive curriculum in which students are con-
tinually tasked with linking the macroscopic and nanoscopic
levels of chemistry through the use of chemistry symbols and
representations (National Research Council, 1996; Schwartz
et al., 1999; Bransford et al., 2004; Cole, 2015; Lamba, 2015).
While the variability is too high to make conclusive statements
about a decrease in DFW rate, there is a general downward
trend in the data, which we will continue to explore.

Contrary to examples in the literature of general chemistry
courses with separate lecture/laboratory components
(Perkins et al., 2007; Adams et al., 2008b), students in our
studio courses demonstrate significant shifts toward more
expert-like learning attitudes. We posit that the integrated,
highly hands-on, inquiry-based environment simulates the
sorts of habits of thinking that experts rely upon and thus,
students are more likely to become more expert-like in their
attitudes toward learning chemistry than they would by sitting
passively in a lecture. In addition, the highly collaborative,
inquiry-based assignments, augmented by the close proximity

afforded by the physical space itself likely contributes to
students’ development of more expert-like learning attitudes
(Cooper, 1994; Cooper and Kerns, 2006; Cooper et al., 2008;
Sandi-Urena et al, 2011; Sandi-Urena et al, 2012). While
students who begin the course in a higher diagnostic cluster
also begin the course with more expert-like learning attitudes,
the overall shift in learning attitudes is similar for the top three
clusters, though there are smaller positive and some negative
shifts for the lowest cluster. The CLASS data was also informa-
tive in showing that additional efforts should be made to make
stronger and more explicit real world connections in the
content.

Both students and faculty are overwhelmingly positive about
the studio environment and believe that students interact more
with each other and with their instructor, that students
are better able to connect concepts, that it increases student
attendance, that it is a comfortable environment for students,
and that it is better overall for learning chemistry. It is inter-
esting that both students and faculty believe that studio
increases attendance as compared to the traditional setting.
We speculate that students realize that the highly cooperative,
hands-on nature of the daily activities makes it difficult for
them to miss class and still keep up with the material.

Written feedback from instructors indicates that they
believe there are several aspects to the success of the studio
environment: a curriculum that is more tightly connected than
can be achieved through simultaneous enrollment in separate
lecture and laboratory courses, a focus on active learning
pedagogies, and greater flexibility. We are currently extending
our research to explore how these and other factors contribute
to student experiences and success.

End of Quarter Student Evaluation Responses Regarding Comparing
Classes With and Without Learning Assistants

Effective way to increase involvement of.. N

The course is more academically rigorous. [N

The course is better suited overall for learning.. i

I interact more with my peers. [ B

I interact more with my peers. [l B

I have more trouble staying focused. [l REEt e

I enjoy the course more. [l T

I ask more questions. || I

I am more motivated. [l |

I am more likely to attend class. [N B

Concepts are better connected. [| B

I have more trouble staying focused. [ NGRS | ]

1 feel nervous or uncomfortable. T B

mNegative = Neutral = Positive 0 02 04 06 08 !
Frequency

Fig. 5 Positive, neutral, and negative student responses to course evaluation questions. Each question began with the stem: “Compared to a course
without Learning Assistants, in this class with Learning Assistants, ..." (n = 227).



Our LAs are an integral part of the studio experience and,
as has been found in other implementations of LA programs
around the country in non-studio environments (Goertzen et al.,
2011), participation in our LA program in the studio instructional
context greatly increased their content knowledge vs. their
non-LA peers. This is not surprising given that they spent
an additional 60 hours during the quarter in the classroom
working with their students on hands-on chemistry activities
along with the 20 hours of training per quarter. Participation in
our LA program may also increase LAs’ certainty about their
future career plans in teaching.

Our theoretical framework specifies the important variables
in the design of studio that influence our students’ success are
socially mediated, active learning opportunities that emphasize
visualization in order to assist students in making connections
between macroscopic phenomena and nanoscopic levels of
description. As our results indicate, these experiences increase
student content knowledge and decrease failure rates, compared
to traditional separated lecture and laboratory classes. In
addition, this study of our studio classrooms is one of only a
small number examples in the literature showing students’
learning attitudes becoming more expert-like over the duration
of a course. Finally, both students and instructors emphasized
the importance of active learning and cooperative interactions to
be positive factors in their studio experience.

Implications

The results of this work demonstrate the utility of a curriculum
of highly integrated, tightly cohesive laboratory work, computer
simulations, small-group discussions, problem solving, direct
instruction, and formal and informal assessments. Furthermore,
to the extent that this level of integration can be achieved in
other settings, we would expect to see similar increases in
student performance, learning attitudes, and retention. Given
the potential difficulty of implementing a full-scale studio
program at some colleges and universities, we believe our
research adds additional support for those pedagogical and
curricular interventions which increase student interaction,
hands-on learning opportunities, concurrent enrollment in
lecture and laboratories, and enhance the cohesiveness of
learning activities, but which can be carried out in more typical
lecture and/or laboratory environments (Kober, 2015).

The implementation of a studio program is likely to be highly
idiosyncratic due to the many varied goals of and demands on
introductory general chemistry programs at other institutions.
Large universities that utilize one faculty member to teach
hundreds of students per hour in lecture halls would see a
decrease in efficiency by adopting a studio model. Even if
graduate students at these universities were trained to teach in
an integrated environment, the facilities costs for creating studio
spaces to accommodate their huge student populations might be
prohibitive (Cotner et al, 2013). Some large universities that
have developed studio programs have subsequently ended them
(Coppola, B., personal communication, March 2016).

However, at smaller universities, implementing a studio-
style general chemistry program may be as efficient as or even
more efficient than a separate lecture/laboratory program.
In departments which do not utilize graduate student TAs,
three 3 hour stand-alone general chemistry laboratories with
20-22 students would serve approximately as many students as
our 64-student studio rooms, but would require three faculty
members, rather than just one. In fact, within a few years, the
savings in faculty time could pay for the cost of remodeling
an appropriately sized lecture room - currently approximately
$250 000 (Gragson, D., personal communication, March 2016).
In addition, the current new construction cost of building
a stand-alone general chemistry laboratory to serve a smaller
number of students would be approximately the same as
(81500 per square foot) building a studio space that serves
a larger number of students per hour with fewer faculty, is
more pedagogically versatile, and is more efficient in terms of
faculty time.

Appendix 1. Student outcomes

Fig. 6.
Tables 8 and 9.
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Fig. 6 Hierarchical clustering dendrogram of diagnostic scores, which
shows four distinct clusters.

Table 8 Fixed effect test. The significance level was set at 0.05 for all tests
and the model has an R? of 0.34

Source DF DFDen F Ratio Prob > F
Studio 1 4.257 18.9084 0.0106*
Supplemental workshop 1 417.4 5.3426 0.0213*
Diagnostic clusters 674 77.9191 <0.0001*



Table 9 Least squares mean table

Least squares mean table

Factor Level Least squares mean Standard error Lower 95% Upper 95%
Studio Traditional 63.9 3.2 54.9 72.8
Studio 73.1 3.2 64.0 82.1
Supplemental workshop No 66.5 3.0 57.1 76.0
Yes 70.4 3.2 61.5 79.3
Appendix 2. Repeatable grades
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Fig. 7 Repeatable (D, F, and W) grades for the first-quarter course in a year-long introductory chemistry sequence for science majors before and after

studio implementation.

Appendix 3. Student opinion survey

Here are a number of statements that may or may not describe
your thoughts about the Studio learning environment and
Learning Assistants. You are asked to rate each statement by
bubbling a letter between A and E where the letters mean the
following:

A. Strongly disagree B. Disagree C. Neutral D. Agree E.
Strongly agree

Choose one of the above five choices that best expresses
your feeling about the statement. If you don’t understand a
statement, leave it blank. If you understand, but have no strong
opinion, choose C.

Compared to a traditional lecture/lab course, in the studio
classroom. ..

1. I interact more with my instructor.

2. I ask more questions.

3. I interact more with my peers.

4. I feel nervous or uncomfortable.

5. I am more motivated.

6. I have more trouble staying focused.

7. Concepts are better connected.

8. I am more likely to attend class.

9. I solve more problems.

10. More time is spent on direct instruction (lecture).

11. The course is better suited overall for learning chemistry.

12. The course is more academically rigorous.

13. I enjoy the course more.

Compared to a course without Learning Assistants, in this
class with Learning Assistants. . .

1. I ask more questions.

2. I interact more with my peers.

3.1 feel nervous or uncomfortable.

4.1 am more motivated.



5. I have more trouble staying focused.

6. Concepts are better connected.

7.1 am more likely to attend class.

8. I solve more problems.

9. The course is better suited overall for learning chemistry.

10. The course is more academically rigorous.

11. Using Learning Assistants can be an effective way to
increase the involvement of women and other underrepre-
sented groups in chemistry.

12. I enjoy the course more.

13. Iwould like to apply to be a Learning Assistant in the future.
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