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Kansas State University converted its introductory biology course, previously taught as an
audio-tutorial (A-T), to a studio format in 1997. We share with others information about the
process involved and present assessment data for the studio format course that address 1) stu-
dent exam performance in A-T and studio; 2) student course grades in A-T and studio; 3) student
and instructor perceptions and attitudes for A-T and studio; 4) student performance in subse-
quent biology courses for A-T and studio; and 5) gains in student learning for the studio course
and other traditional lecture/lab courses. Collectively, these measures demonstrate that the
studio format is as effective as or more effective (for some measures) than the A-T approach and
traditional approaches in providing an effective learning environment. We discuss the issues
involved in comparing course formats.

INTRODUCTION

Introductory biology is a course taught at almost all univer-
sities, most often in a traditional lecture/laboratory format
(Sundberg et al., 2005). A number of efforts have been made
to infuse more active learning into these classes, particularly
into the large lecture components, for example by incorpo-
rating small cooperative discussion groups (e.g., Ebert-May
et al., 1997, Klionsky, 1998), case studies (e.g., Brickman,
2006), or cooperative groups and personal response systems
(“clickers”; e.g., Armstrong et al., 2007). A Science Policy
Forum in 2004 urged that widespread changes should be
made in the way that introductory science courses are
taught, including incorporation of active participation in
lectures, discovery-based laboratories, and assessment of the
effectiveness of these courses (Handelsman et al., 2004). This
paper reports the process of such a transition in introductory
biology at Kansas State University (K-State) and the out-
comes measured to date.

The K-State introductory biology course, Principles of
Biology, is taught to approximately 1500 students each
year and serves both majors and nonmajors. It was cre-
ated in 1968 and used the then-current audio-tutorial
(A-T) format (Postlethwait, 1970). In this format, students
listened to audiotaped lectures and instructions and car-

ried out labs on their own, with assistance, if desired,
from graduate teaching assistants and faculty members
staffing the classroom (“A-T lab”). The advantages of this
system were that students could work at their own pace;
there was an integration of the lecture and laboratory
components of the course; and students were able to come
to the A-T lab at times of their own choosing during the
week. The disadvantages included a lack of student-fac-
ulty continuity (which was ameliorated to some extent by
incorporating weekly recitations taught by faculty mem-
bers); lack of a mechanism to encourage student atten-
dance; and a feeling of isolation for students, who sat
alone in carrels listening to tapes. The expected contact
time for students was 5 h per week: two 2-h blocks in the
A-T lab and a 1-h recitation.

Faced with the need to do an equipment upgrade and
recognizing that the A-T format was no longer state-of-the-
art pedagogy, the K-State Division of Biology completely
restructured the course in 1997. Our entire faculty provided
input and we chose to use a studio format, as pioneered at
Rensselaer Polytechnic Institute for physics instruction (Wil-
son, 1994; Pipes and Wilson, 1996). The studio model fea-
tures integration of elements of lecture and laboratory, in-
teractive computer software, teamwork, multiple learning
modalities, an investigation-driven approach, and instruc-
tors as facilitators rather than lecturers. Students are re-
quired to take more responsibility for their own learning
than in a traditional lecture.

DOI: 10.1187/cbe.06–09–0193
Address correspondence to: Beth Montelone (bethmont@ksu.edu).

CBE—Life Sciences Education
Vol. 7, 234–242, Summer 2008

234 © 2008 by The American Society for Cell Biology

 by guest on August 14, 2015http://www.lifescied.org/Downloaded from 

http://www.lifescied.org/


We chose the studio model over a traditional lecture/lab
format or a modernized version of A-T that used computers
instead of tape recorders to deliver the content because we
wanted to create the most effective learning environment for
the course, and also retain the engagement of most biology
faculty members in teaching it. The transition took 3 yr of
planning and was supported with funding from internal and
external sources. Features of the A-T and studio models as
used at K-State are compared in Table 1.

Here we report on the studio conversion process and its
outcomes. We present data on student exam performance,
student grades, student and instructor perceptions and atti-
tudes, and student performance in subsequent biology
courses for the course in the studio format and its previous
format. Collectively, these measures demonstrate that the
studio format is at least as effective as A-T for introductory
biology instruction. We also report information on gains in
student learning for the studio format and show that the
studio format compares favorably with gain of learning in
three courses taught in more traditional lecture/lab formats.

STUDIO BIOLOGY COURSE

Our Principles of Biology studio course is a one-semester,
mixed majors and nonmajors course that covers the broad
areas of evolution, ecology, biochemistry and cell biology,
genetics and molecular biology, energetics, plant biology,
and animal biology, in 2-wk blocks for each. A multiple-
choice exam follows each module. Each studio section of 80
students is staffed by two faculty members, two graduate
teaching assistants, and in some cases, one or two under-

graduate teaching assistants. Each 2-h class (students attend
two per week) begins with a quiz over assigned reading that
also serves as a mechanism for tracking attendance. Faculty
members or graduate teaching assistants then give a mini-
lecture of 10–15 min that serves to introduce the basic con-
cepts and experimental approaches that the students will
use to investigate that day’s material. During the largest
portion of each class period (1–1.5 h), students work in pairs
(two students per computer or microscope) or groups of
four, with instructors moving around the room, answering
and asking questions. Most classes feature a combination of
traditional “wet-lab” activities and computer work, includ-
ing simulations, models, and investigations. Each student
purchases and brings to class a custom studio manual in
which to record answers to concept questions, data from
classroom exercises, and drawings and notes from mini-
lecture and lab activities. Thus, students are exposed to
teamwork and active learning, and the multiple learning
modalities used provide formats friendly to students with a
variety of learning styles (see, e.g., Fleming and Mills, 1992).
The last 10 or so minutes of each class period are a “wrap-
up” session in which the instructor reviews the important
concepts, and students share data and summarize their find-
ings. Table 2 shows the content of the Energetics module of
Principles of Biology as an example of the different types of
content included in the course.

ASSESSMENT MEASURES

Principles of Biology has been taught exclusively in the
studio format since summer 1997. During this time, minor

Table 1. Comparison of features of the A-T and studio formats as used in Principles of Biology at K-State

Feature A-T Studio

Delivery of content Assigned textbook readings;
audiotaped lectures; laboratory
instructions in A-T manual

Assigned textbook readings, assigned
studio manual and web pre-class
exercises, interactive web modules,
mini-lectures; studio manual

Staff Faculty and graduate teaching
assistants; two to four staff members
per A-T time block; might see
different ones even if attending the
lab at the same time each week

Faculty and graduate teaching
assistants; at least three staff
members per studio section with
consistent staffing throughout the
semester

Student–student interaction None—students worked alone in
carrels

Students work in pairs at computers; in
groups of two or four for lab
activities

Frequency, scheduling, and
requirement of attendance

Students could attend (or not attend)
A-T lab at any time it was open;
attendance required only for
recitation

Students required to attend two 2-h
studio sessions per week at
scheduled times

Assessment of student learning Fifteen weekly multiple choice exams;
graded weekly lab hand-ins; grade
for recitation attendance,
participation, and oral/written
presentation (varied by recitation
instructor)

Seven biweekly multiple-choice exams
held every 2 wk; daily short quizzes
in studio

Availability of class materials outside of
regularly scheduled meetings

As above, students could attend A-T
lab whenever it was open; tapescripts
available for purchase

Most online materials available offsite
through web access; supplemental
study guides and sample exams also
available
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changes in course content and format have been made, such
as the addition of study guides (available to students online)
and optional weekly review sessions. We have evaluated the
success of the course in this format by 1) analyzing student
performance on examination questions used before and after
conversion to the studio format; 2) examining final course
grade distributions from the A-T and studio years; 3) com-
paring student and instructor perceptions and attitudes to-
ward both the A-T and studio formats; 4) monitoring stu-
dent performance in subsequent biology courses; and 5)
measuring student learning in the studio format by admin-
istering an objective test at the beginning and end of the
course and comparing this with student learning in other
types of biology courses at our institution and another pub-
lic university in Kansas. We report on each of these assess-
ment measures and their outcomes below.

Student Performance on Exam Questions Used in
Both the A-T and Studio Formats
To compare student learning in the former A-T and current
studio formats, we reviewed historical records of student
performance on common and similar exam questions used
for multiple semesters in both formats of the course. We
selected 15 objectives that have consistently been part of the
course content and identified all questions that addressed
these objectives. These questions were not necessarily iden-
tical (though in some cases they were) but were similar and
covered the same material. Some of these questions also
covered the same objectives as those in our pre- and post-
assessment tests (see below). Table 3 shows student perfor-
mance on all 15 objectives and overall, comparing A-T and
studio. The overall mean performance of A-T students and

studio students did not differ significantly (p � 0.63). Only
two objectives (characteristics of diffusion and definition of
a population) showed significant differences between A-T
and studio, with student performance on these objectives
being higher in the studio format.

Final Course Grade Distributions in A-T and Studio
Format Semesters
As a way of determining whether student performance in the
course was comparable in the A-T and studio eras, we have
collected data from multiple years of fall and spring semester
final grades. It should be noted that the student population of
K-State is heterogeneous, with the institution having had open
admissions until 2001 and relatively liberal admissions stan-
dards subsequently (Requirements for K-State, 2008). Data
from the K-State Registrar’s Office indicate that there was no
significant difference (as measured by two different nonpara-
metric tests) between the mean ACT score for entering fresh-
men for the 5 yr before the qualified admissions policy went
into effect (1996–2000) and the 6 yr after the change (2001–
2006) (data not shown). Thus a difference in K-State student
preparation or aptitude, over the time frame covered by our
analyses, is probably not a variable that needs to be considered
in regard to our conclusions.

Another issue that should be considered in evaluating the
course final grade data is the fact that students take this course
for a variety of reasons, including the fulfillment of a distribu-
tion requirement. Thus the population of students enrolled in
the course is also fairly heterogeneous. The final grade data are
shown in Table 4. The mean grades are very close; 2.15 for A-T
and 2.12 for studio. However, the grade distributions differ
significantly; the majority of this difference is in the proportion

Table 2. Content of energetics module

Class period
Subjects
covered

Learning methods used

Data analysis
Hypothesis

testing Textbook
Web-based
materials

�Wet-lab�
experiments

Energetics I—
Cellular
Energetics

ATP, diffusion,
osmosis, active
transport

Rate of diffusion Effect of
temperature on
rate of diffusion

Preclass
exercise—Laws
of Thermody-
namics

ATP, osmosis,
active and
passive
transport

Diffusion and
osmosis;
models and
animal and
plant cells

Energetics II—
Photosynthesis

Light-dependent
and
–independent
reactions,
chloroplasts

Preclass exercise Photosynthesis—
mechanism—
effects of
wavelength

Release of O2,
uptake of CO2,
and production
of carbohydrate

Energetics III—
Cellular
Respiration

Aerobic and
anaerobic
respiration,
fermentation,
mitochondria

Effect of
temperature on
fermentation

Preclass exercise;
relationship of
photosynthesis
and respiration

Cellular
respiration,
electron
transport, and
biolumine-
scence

Respiration in
living
organisms

Energetics IV—
Global Climate
Change and
Food
Production

Global warming,
greenhouse
effect,
energetics of
food
production

Comparison of
KS climate data
with tree
growth and
crop production

Human impact
on biosphere

EPA material on
climate change;
KS data

Tree growth
determination
by bud length
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of students earning D’s (higher in the studio years) and F’s
(lower in the studio years). We do not know the reason for this
difference; two possibilities are 1) that the more favorable stu-
dent-faculty ratio in the studio format allows some marginal
students to pass the course with a D who might have otherwise
failed; and 2) that students in recent years might be more likely
to withdraw and retake a course that they believe they will fail.
The second possibility can be directly examined. We analyzed
the patterns of student withdrawal over 14 yr of Principles of
Biology, including the last eight semesters of the A-T version of
the course and all semesters of the studio version for which
withdrawal data were available. These data are illustrated in
Figure 1. Figure 1A shows the withdrawal data for each se-
mester and 1B shows the analysis broken out by three groups
of semesters: the last eight semesters of the A-T format, the first
eight semesters of the studio format, and the last 12 semesters
of the studio format. The pattern is complex but the following
conclusions can be made. 1) Withdrawal rates (formal with-
drawal from the course between week 5 and 10 of the semester;

students receive a “W” on their transcript) averaged �8% over
the last eight semesters of the A-T version of the course. 2)
Withdrawal rates during the first eight semesters of studio
were �10%. 3) Withdrawal rates in the subsequent 12 semes-
ters of studio were �5%. The difference between the median
withdrawal rates in A-T and most recent studio semesters is
significant at the P � 0.005 level in an unpaired t test. These
data are thus more consistent with the first hypothesis above,
indicating that fewer marginal students are withdrawing from
the studio course, and are possibly passing the course with a D.

Student and Instructor Perceptions and Attitudes
Toward the A-T and Studio Formats

Student Perceptions and Attitudes. In conjunction with Drs.
Amy Gross and William Pallett of the K-State IDEA Center,
we created a series of surveys that were administered to
students enrolled in Principles of Biology in the last semester
in which it was taught in the A-T format (spring 1997) and

Table 3. Exam performance on common learning objectives of students enrolled in Principles of Biology in A-T and studio formats

Objectives
Course formata (number of
semesters question asked)

Mean answering
correctlyb

Std.
Error P value

Assumptions of H-W equilibrium A-T (n � 21) 69.095 2.617 0.5168
Studio (n � 7) 72.429 3.891

Binomial nomenclaturec A-T (n � 17) 82.471 1.312 0.2963
Studio (n � 9) 78.778 4.119

Calculating pH A-T (n � 31) 69.548 1.918 0.6336
Studio (n � 7) 67.429 3.709

Characteristics of diffusion*d A-T (n � 22) 61.591 2.953 0.0055
Studio (n � 9) 79.667 6.135

Characteristics of life A-T (n � 8) 78.125 2.615 0.8644
Studio (n � 8) 79.000 4.297

Characteristics of prokaryotic cells A-T (n � 11) 64.000 3.663 0.7387
Studio (n � 11) 61.818 5.310

Conditions that denature proteins A-T (n � 11) 65.364 4.315 0.6000
Studio (n � 9) 62.000 4.549

Definition of a population* A-T (n � 10) 68.400 3.525 0.0041
Studio (n � 7) 84.571 2.662

Definition of evolution A-T (n � 15) 65.867 5.603 0.5104
Studio (n � 10) 71.500 5.967

Genetic drift A-T (n � 6) 54.833 3.177 0.5103
Studio (n � 6) 52.000 2.671

Definition of homeostasis A-T (n � 11) 85.909 1.443 0.5659
Studio (n � 8) 87.875 3.430

Definition of hypothesis A-T (n � 38) 80.921 1.660 0.2996
Studio (n � 11) 76.636 5.058

Stages of mitosis A-T (n � 10) 66.700 5.125 0.3458
Studio (n � 9) 72.778 3.332

Structure of cell membranes A-T (n � 14) 58.857 2.658 0.8626
Studio (n � 10) 58.000 4.457

The cell theory A-T (n � 19) 83.684 1.537 0.8275
Studio (n � 10) 83.000 3.166

aFor the A-T format, in which tests were given weekly, questions from the period from 1975 through 1995 were used. For the studio format,
in which tests are given biweekly, questions from fall 1997 through spring 2004 were used. Test questions were not necessarily identical, but
were chosen if they addressed specific objectives that spanned the A-T and studio eras.
bMean percentage of students who answered that question correctly and the SE of that mean.
cObjectives in bold font were also included in the pre- and postsemester assessment tests.
dObjectives indicated by an asterisk (*) showed a significant difference between the A-T and studio format (unpaired t test, Stat-View for
Windows, v. 5.0.1). P values are shown in the right-hand column in all cases.
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the first two spring semesters it was taught in the studio
format (spring 1998 and 1999). IDEA Center personnel
administered the surveys and analyzed the results. These

instruments consisted of a presurvey administered during
the first exam period, about 4 wk into the semester, and a
postsurvey administered during the final exam. Response
rates for the presurvey were 87%, 91%, and 96% for the
spring 1997, 1998, and 1999 semesters, respectively. These
rates do not include students who dropped the course; in
other words, presurvey data are reported only for those
students who received a grade, including a “W”. Postsurvey
response rates, also based on the number of students who
received a grade in the course, including those who with-
drew, were 69%, 81%, and 74% for the three semesters listed
above. The presurvey collected information about the col-
lege in which the student was enrolled; their previous ex-
perience with biology courses and prior enrollment in Prin-
ciples of Biology; whether they had taken high school
and/or college chemistry and physics; their primary reason
for taking the course; the amount of time they expected to
commit per week to the course; and their expected grade.
Students were also asked to respond to their agreement with
the statement “I really want to take this course,” and to
evaluate the reputation of the course across campus in terms
of its quality and degree of difficulty. A final set of items
assessed student interest in various aspects of a typical
biology course, including “doing experiments,” “working
with other students,” “problem-solving,” “learning biology
concepts”, “hands-on learning,” and learning about how
biology relates to the “real world.” The latter set of items
was also asked on the postsurvey. This instrument also
asked students to self-report on the total time committed to
the course per week and their expected grades; to respond to
the statement “I learned a lot in this course”; to indicate how
likely they were to read more biology-related topics in news
media or popular magazines; and to comment on their level
of interest in biology relative to the start of the course. The
postsurvey included questions on to what extent students
felt that a course instructor knew them and how much
they interacted with other students. Students were asked
how much they liked the course format and whether they
were likely to recommend the course to other students.
Finally, students were asked to report their level of skill or
knowledge in various aspects of a biology course: “using lab
equipment,” “using computers,” “writing lab reports,”
“solving biology problems,” and their overall knowledge of
biology.

Student respondents did not differ over the three semesters
in which surveys were administered in terms of college en-
rolled, previous biology experience, prior enrollment in the

Table 4. Final course grades for A-T and studio

Letter grade A-T count A-T percent Studio count Studio percent

A 3643 14.91 1254 14.23
B 6925 28.34 2311 26.23
C 6667 27.28 2561 29.07
D 3756 15.37 1624 18.43
F 3446 14.10 1061 12.04
Total 24437 100 8811 100

The numbers and percentages of letter grades (other than Incomplete, Withdrew, or Not Reported) for Spring and Fall semesters for the years
1975–1993 (A-T format) and 1997–2004 (studio format) are shown. A Chi-square test indicates that these distributions are significantly
different (�2 � 77.6, df � 4, P � 0.001).

Figure 1. A. Frequency of student withdrawals from BIOL 198 in
28 semesters (Fall 1993–Spring 2007). The frequency of students
who received a W grade in the course is plotted for each semester;
darker circles indicate data from fall semesters and lighter circles
indicate data from spring semesters. Vertical lines indicate grouping
of the data into three periods: the first group (ending in Spring 1997)
includes the last eight semesters in which the course was taught in
the A-T format. The next group (ending in Spring 2001) includes the
first eight semesters when the course was taught in the studio
format. The final group includes all subsequent semesters up to
Spring 2007. The means of withdrawal frequencies for these three
periods are indicated on the top of the graph. B. Withdrawal fre-
quencies for the three groups shown in Figure 1A. Medians are
indicated by the horizontal line in each box, the shaded portion of
the box indicates the 75th percentiles, and the “whiskers” indicate
the 90th percentiles. Medians for the first and second groups and
first and third groups are not significantly different from each other;
medians for the second and third groups are significantly different
at the P � 0.01 level (unpaired t test, Stat-View for Windows, v.
5.0.1).
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course, chemistry or physics background, or reason for taking
the course. There was also no difference in the grade expected
by students in the presurvey (approximately 90% expected to
receive an A or B); this had changed by the postsurvey, in
which students had much more realistic expectations, with a
significantly smaller percentage expecting A’s in the studio
format. (Actual final grade distributions were discussed.) Sig-
nificant differences were found in self-reported learning and
interests, with 64% of A-T students agreeing with the statement
“I learned a lot in this course” versus 49% (1998) and 58%
(1999) of studio students indicating moderate or strong agree-
ment. There also was a lower percentage of students who
reported that they were likely to read more biology-related
topics and who indicated that their interest in biology had
increased in the Spring 1998 and 1999 (studio) semesters as
compared with the Spring 1997 (A-T) semester. To elucidate
possible factors, in addition to course format, that influenced
student attitudes, postsurvey responses were adjusted for stu-
dents’ initial levels of skills and interests as measured on the
postsurvey. Significant differences between students enrolled
in the course in the A-T and studio formats were found only for
their self-reported skills in “doing experiments” and
“working with others,” in which the studio students rated
themselves higher; and “writing lab reports,” in which the
A-T students rated themselves higher. Perhaps not sur-
prisingly, students’ major was a factor that significantly
impacted skills and interests, with students majoring in
biology and related areas reporting more skill and interest
in these areas in both course formats. The major also was
a factor in impacting student comfort with the course,
whether in the A-T or studio format. Student motivation as
inferred from the statement “I really want to take this
course” and student ability as inferred from ACT composite
scores also significantly impacted student learning, interest,
and skill development.

In the time that has passed since these student attitude
surveys were conducted, there is considerably less angst asso-
ciated with the studio format. One of the areas that students
continue to grumble about is the required attendance for studio
sessions. However, this reinforces the idea that students are
expected to be participants in their own learning in the studio
and seems to be necessary for many college freshmen (or
seniors). Many are at first uncomfortable with the course for-
mat, but this changes as the semester proceeds, and we have
had a number of students express disappointment on learning
that other biology courses are not taught in the studio format.
A few students simply mark the time to complete the course
and never really become engaged. It is possible that such
students account for a portion of the D’s and F’s observed.

Faculty Attitudes. Faculty attitudes toward the A-T and
studio format were surveyed during the last semester of A-T
and the first four semesters in which the studio was taught.
An instrument dealing with Principles of Biology in the A-T
format was administered to all biology faculty in spring
1997, with a similar survey with questions pertinent to the
studio format administered to those who taught in the new
format in fall 1997, spring 1998, fall 1998, and spring 1999.
Response rates were good in spring and fall 1997 and then
fell off quickly with time, presumably because some faculty
members had been asked to complete the survey twice or
more. It was not possible to know how many individual

faculty members were represented in the responses col-
lected. Faculty members were in general strongly receptive
of the change. Not surprisingly, most felt that the course was
an effective learning experience for students in both formats.
Some faculty members had concerns about the change,
which required them to be knowledgeable about the entire
content of the course (e.g., a plant biologist would have to
teach some classes about animal biology, and vice versa). In
the A-T format, faculty members had the option of working
in the A-T lab only during selected portions of the semester;
such an arrangement is not available under the studio for-
mat. Other concerns included learning to use instructional
technology and anticipation of an increased time commit-
ment to the course. As time has gone by, these fears have
largely been alleviated by faculty retirements, hiring of a
younger group of faculty more comfortable with technology,
and extensive support for faculty in the form of weekly staff
meetings, staff notes, and an online site providing access to
studio Web and print materials.

Student Performance in Subsequent Biology Courses
Of those students who take Principles of Biology as part of
a science or prehealth profession major at K-State, nearly all
go on to take one of three other biology courses: Organismic
Biology, Structure and Function of the Human Body, or
General Microbiology. We obtained data from the university
registrar on student performance in these classes for stu-
dents who completed one of these three classes in fall or
spring 1998. There were three groups of students in these
classes: those who took Principles of Biology in the A-T
format; those who took it in the studio format; and those
who took the course elsewhere (generally at a community
college). The average grades of these three groups of stu-
dents were compared with and without adjustment for ACT
scores (data not shown). There was no significant effect of
the Principles of Biology course format on performance in
the three subsequent courses, particularly when the grades
were adjusted for ACT score. Interestingly, there was a
difference seen for students who did not take the introduc-
tory biology course at K-State; their grades in Organismic
Biology (the next course in our core sequence) were gener-
ally lower, even when ACT scores were taken into account
(data not shown).

Student Learning in the Studio Format
Assessment tests based on multiple-choice questions similar
to those used in exams have been used in Principles of
Biology for several years to gauge student learning. We
report here data from four regular semesters (Fall 2002–2003
and Spring 2003–2004) and one summer session (2004). The
same test was given at both the beginning (pretest) and end
(posttest) of the semester. The test was not given for credit;
the pretest was on the first day of class; the posttest was
given on the last day of class. The tests consisted of 16
questions, two from each of the content modules of the
course. The questions were based on objectives used in both
the A-T and studio versions of the course. Questions were
chosen such that the test has approximately equal numbers
of easy (most students who have taken any previous biology
course should know the answers) questions and more diffi-
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cult (most students should not know the answers before
taking the course) questions.

The “gain in learning” (g) metric has been used by
others to measure student learning and is determined as
the difference between the posttest score and the pretest
score divided by the difference between the highest pos-
sible score and the pretest score (Hake, 1998; Cummings et
al., 1999; Roy, 2003; Sundberg, 2003). Hake (1998) found
that the average gain in learning for students in tradi-
tional courses in Physics was g � 0.23. In Table 5, we
report results from these pre- and posttests. The gain in
learning varied greatly from question to question, with
consistently low values for quantitative and complex top-
ics such as dilutions and photosynthesis and high values
for concepts such as the ultimate source of energy in
ecosystems and details of structures. The overall gain in
learning for all questions and all semesters was a mean of
0.47 with a SD of 0.04.

Comparisons of Studio Student Learning with Other
Courses
We cannot retroactively compare studio student learning
with student learning in the A-T format; however, we have
compared student learning in the Principles of Biology stu-
dio with that of students in other K-State biology courses,
who also are given assessment tests at the beginning and
end of the semester. The gain in learning calculated from
these assessment data allowed us to compare learning in
these more traditional K-State classes to the Principles of
Biology studio. The other courses are:

• BIOL 455 (General Microbiology), a traditional semi-
weekly lecture/lab course and a required core course in
our microbiology curriculum. The lecture is delivered by a
K-State biology faculty member; the labs are delivered by
graduate students.

• BIOL 450 (Modern Genetics), a lecture course with three

Table 5. Gain in student learning (g) in Principles of Biology studioa

Question topic area
Course
module Fall 2002 Spring 2003 Fall 2003 Spring 2004 Summer

Average g over
five semesters SD

Dilutions 1 0.08 0.07 0.08 0.08 0.10 0.08 0.01
Hypothesis & theory 1 0.48 0.45 0.53 0.53 0.72 0.54 0.10
Definition of evolution 2 0.48 0.33 0.45 0.50 0.79 0.51 0.17
Linnean classification 2 0.41 0.01 0.31 0.42 0.06 0.24 0.19
Population definition 3 0.51 0.47 0.52 0.56 0.55 0.52 0.04
Ultimate source of energy 3 0.80 0.68 0.77 0.78 0.53 0.71 0.11
Cellular organelles 4 0.56 0.52 0.60 0.55 0.22 0.49 0.15
pH 4 0.45 0.39 0.54 0.43 0.40 0.44 0.06
Meiosis 5 0.75 0.59 0.68 0.65 0.68 0.67 0.06
Transcription 5 0.37 0.28 0.37 0.42 0.69 0.43 0.16
Stomata 6 0.89 0.85 0.93 0.91 0.97 0.91 0.05
Tonicity 6 0.63 0.56 0.67 0.62 0.55 0.61 0.05
Photosynthesis 7 0.39 0.09 0.12 0.04 0.03 0.13 0.15
Plant cell structure 7 0.79 0.74 0.78 0.72 0.66 0.74 0.05
Animal cell structure 8 0.29 0.24 0.38 0.25 0.16 0.27 0.08
Homeostasis definition 8 0.72 0.62 0.83 0.70 0.62 0.70 0.09
Overall average 0.52 0.41 0.50 0.47 0.45 0.47 0.04

A 16-question multiple-choice exam covering the listed topics was given at the beginning and end of the semester (pretest and posttest). The
assessment test did not count toward student grades.
aThe gain in student learning (g) was calculated as:
g � �(Score on posttest) – (Score on pretest)�/�(100 – (Score on pretest)� (Hake 1998).

Table 6. Gain in student learning in three K-State biology courses in fall 2006

Biology course Format Count g-value (mean) Variance SD Std. Error

BIOL 198 – Principles of Biology Studio 538 0.467a 0.081 0.284 0.012
BIOL 450 – Modern Genetics Lecture/recitation 112 0.364b 0.115 0.339 0.032
BIOL 455 – General Microbiology Lecture/lab 124 0.331b 0.039 0.198 0.018

Multiple-choice assessment tests were administered in three biology courses in fall 2006. Gain in learning was calculated as in Table 5. All
statistical calculations were performed using StatView (Stat-View for Windows, v. 5.0.1).
ag-value for BIOL 198 differs significantly from g-value for BIOL 450 (Mann-Whitney U test, P � 0.002) and g-value for BIOL 455
(Mann-Whitney U test, P � 0.0001).
bg-values for BIOL 450 and 455 do not differ significantly (Mann-Whitney U test, P � 0.2128).
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meetings per week augmented with weekly recitation sec-
tions, required in all three K-State biology curricula. Lec-
tures and recitations are delivered by K-State biology fac-
ulty members.

The data for the Fall 2006 semester, shown in Table 6,
indicate that the g-value for BIOL 198 is higher and signifi-
cantly different from the g-value for BIOL 450, and is also
higher and significantly different from the g-value for BIOL
455. The g-values for BIOL 450 and 455 are not significantly
different from each other.

We recognize that these are different assessment tests
taken by different cohorts of students; however, all three are
at the same university, and BIOL 198 is a prerequisite for the
other two courses. BIOL 450 and 455 are taken primarily by
life science and prehealth majors and show reasonable gains
in student learning. We think that it is interesting that the
more introductory studio course, taught to a more diverse
group of students, shows a greater gain in learning than the
two traditional format courses taught to students who have
selected a major in the field.

We also compared student learning in introductory biol-
ogy in the K-State studio format with that for a comparable
course taught in a traditional lecture/lab format at Fort
Hays State University (KS), another public institution in our
state serving a comparable student population. Identical
assessment tests were given in Spring 2007 at the start and
end of the semester to students at both institutions. Data are
shown in Table 7. To keep the sample sizes similar, a rep-
resentative (median) K-State section was chosen; g-values
for K-State sections ranged from 0.401 to 0.524 that semester.
Initial test scores for these classes were similar and were not
significantly different; this indicates a similar level of prep-
aration of students in the classes at the two institutions. The
amount learned (g-value) was significantly different, and
higher for the K-State studio-format class. Similar results (no
significant difference in presemester test scores, and signif-
icant difference in g-values) were obtained when any Spring
2007 section of Principles of Biology was used as the com-
parison group (data not shown). These results, while limited
by the fact that they reflect different courses at different
institutions, suggest that introductory biology education in
the studio format may result in greater learning and reten-
tion compared with introductory biology education in a
traditional lecture/lab format.

DISCUSSION

Principles of Biology is the sole introductory biology course for
biological sciences and prehealth professions majors at K-State,
and serves as the final natural science with laboratory elective
for many students from across the university. It was taught for
30 years in an A-T format. A number of studies done at other
institutions have compared A-T instruction to conventional
(lecture) courses. A meta-analysis of multiple studies by Kulik
et al. (1979) reported that A-T courses were somewhat more
effective in promoting student achievement than conventional
courses, but did not improve course evaluations or reduce
student withdrawal. Our experience with the A-T biology
course is consistent with these findings, although we do not
have comparative data for a lecture version of Principles of
Biology.

In 1997, we began a restructuring of Principles of Biology to
use the then-novel studio format. It was our hope that the
student-instructor interaction, active learning, and multiple
learning modalities integral to the studio format would pro-
vide a superior learning environment for the course. The anal-
ysis of student performance on exam questions and student
grades in the A-T and studio formats, and the qualitative
assessment data on student attitudes and responses to the
course in the two formats reported above, support the idea that
the change in format did no harm, despite the reduction in
contact hours per week (5 h per week in A-T versus 4 in
studio). Another factor that should be considered in interpret-
ing these data are that the course in the last year of the A-T
format was in a mature form, the product of many years of
modification. The student attitude data for the course in studio
format were gathered very early in the implementation of the
course, which continues to evolve as we formatively use feed-
back from students and faculty to modify content and delivery,
and add components to enhance student learning. The latter
include a series of learning objective–based study guides and
weekly review sessions. Our self-published studio manual is in
its ninth revision. We have used three different texts since
conversion to the studio format. This format lends itself readily
to minor modifications as new materials become available.

Published evaluations of studio physics at Rensselaer Poly-
technic Institute have yielded mixed results in terms of effec-
tiveness. Quantitative measures of student learning showed no
improvement of the studio approach over lecture/lab (Cooper,
1998; Cummings et al., 1999). Student comments identified the
fact that responsibility for learning is shifted from the teacher to

Table 7. Gain in student learning in introductory biology courses at K-State and Fort Hays State University in spring 2007

University Count
Pretest %

(mean) Variance SD Std. Error
g-value
(mean) Variance SD Std. Error

Fort Hays State Univ. (lecture/lab) 32 50.8a 190.9 13.8 2.4 0.28b 0.09 0.31 0.054
K-State (studio) 50 45.9a 189.1 13.8 1.9 0.45b 0.06 0.25 0.035

A common multiple-choice assessment test was administered to students in introductory biology at K-State and Fort Hays State University
in spring 2007. Gain in learning was calculated as in Table 5. All statistical calculations were performed using StatView (Stat-View for
Windows, v. 5.0.1).
aPretest results did not differ significantly (unpaired t test, P � 0.12).
bg-values differed significantly (Mann-Whitney U test; P � 0.001)
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the student as both strengths and weaknesses of the studio
format (Cooper, 1998). This parallels our experience with stu-
dents, some of whom greatly enjoy the biology studio and
others who would prefer someone to lecture to them.

Roy (2003) compared student learning in a studio format
versus interactive lecture demonstration for genetics and evo-
lution and found that studio resulted in higher learning gains.
Traver et al. (2001) analyzed student performance in a studio
offering of biochemistry and although they did not measure
learning gains directly, found significant pretest–posttest im-
provement. Student attitude surveys reported that most stu-
dents responded favorably to components of the studio envi-
ronment including use of technology and collaborative
learning, and reported gains in self-efficacy that were related to
knowledge gain as measured by posttest performance.

How does studio biology compare with the conventional
lecture/lab format and the A-T format in promoting student
learning? The gain in learning values reported in Tables 5
through 7 for studio biology and other lecture/lab courses
suggests that the studio may be superior in producing student
learning and retention. While the current data set is limited and
we do not have (and cannot obtain) comparable data for the
course in the A-T format, the findings of the relative similarity
of A-T and conventional courses in promoting student learning
(Kulik et al., 1979) suggest that the studio would also be supe-
rior to A-T, even though this learning might not necessarily
have translated into higher grades in the studio format (Table
4). As was discussed above, the student population is hetero-
geneous and their reasons for taking the course are diverse.

The studio conversion process was in essence a large edu-
cational experiment that is still ongoing. It was an expensive
and time-consuming undertaking, and had to be all-or-nothing
because of the reconstruction of the classroom in which the
course is taught. We believe that the student learning gains that
we have consistently observed in the studio format indicate
that this effort was a success. This project led the way for
development of additional mediated instructional environ-
ments at K-State, including a studio version of physics. The
studio biology course provides a model that might be consid-
ered for introductory biology at other institutions across the
country, as there are now more options available to make the
process less expensive and easier to implement. These include
having students provide their own laptop computers and mak-
ing use of software packages, laboratory exercises, and assess-
ment instruments developed by others and available online. A
partial listing of such resources is provided by Handelsman et
al. (2004).
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