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Introductory biology courses are widely criticized for overemphasizing details and rote memo-
rization of facts. Data to support such claims, however, are surprisingly scarce. We sought to
determine whether this claim was evidence-based. To do so we quantified the cognitive level of
learning targeted by faculty in introductory-level biology courses. We used Bloom’s Taxonomy
of Educational Objectives to assign cognitive learning levels to course goals as articulated on
syllabi and individual items on high-stakes assessments (i.e., exams and quizzes). Our investi-
gation revealed the following: 1) assessment items overwhelmingly targeted lower cognitive
levels, 2) the cognitive level of articulated course goals was not predictive of the cognitive level
of assessment items, and 3) there was no influence of course size or institution type on the
cognitive levels of assessments. These results support the claim that introductory biology courses
emphasize facts more than higher-order thinking.

INTRODUCTION

Contemporary biology has experienced a paradigm shift
away from linear, reductionist thinking toward a study of
complex, interconnected systems (Woese, 2004; Goldenfeld
and Woese, 2007). Research in the basic life sciences requires
quantitative methodologies and integration of knowledge
across scales of time and space. This changing landscape of
biology has amplified expectations for students majoring in
the life sciences. Practitioners in both academics and indus-
try place a premium on students who not only know biology
but also are skilled in effective communication, critical
thinking, and problem-solving abilities in the field (National
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Science Foundation [NSF], 1996; National Academy of Sci-
ences, National Academy of Engineering, Institute of Med-
icine, 2007; American Association of Medical Colleges and
Howard Hughes Medical Institute, 2009). In fact, the partic-
ular relevance of biological science in society merits atten-
tion to these skill sets for all students, regardless of discipline
(National Research Council [NRC], 2002, 2003).
Undergraduate biology courses are widely criticized for
overemphasizing details and rote memorization of facts,
especially at the introductory level (American Association
for the Advancement of Science [AAAS], 1989; Bransford et
al., 1999). “Large-enrollment, fact-oriented, instructor-cen-
tered, lecture-based biology courses” (Wood, 2009b) persist
at the expense of helping students develop higher-level cog-
nitive skills. On what evidence do we base such claims?
Critics of undergraduate biology education often blame
standardized tests, like the Medical College Admission Test,
Graduate Record Examination, and Advanced Placement
(AP) exam, for promoting assessment of factual minutiae in
introductory courses (NRC, 2002; Wood, 2002; NRC, 2003).
Yet a recent analysis of the cognitive levels targeted by these
exams debunks this claim (Zheng ef al., 2008), finding that
standardized exams routinely assess some higher cognitive
levels. Furthermore, revisions of the AP courses and associ-
ated assessments are expected to shift the emphasis in biol-
ogy from memorization of facts to understanding big ideas
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in biology through the application of science practices such
as quantitative reasoning, analyzing data, and evaluating
evidence (Mervis, 2009; Wood, 2009b).

All of these criticisms of undergraduate biology lack the
support of rigorous studies of assessments actually used in
undergraduate biology courses. Faculty often acknowledge
the importance of students gaining higher-level cognitive
skills such as using models, integrating knowledge, and
transferring concepts to novel problems. However, only in-
stitution-specific data are available that describe the cogni-
tive skills actually taught and assessed in introductory biol-
ogy (Fuller, 1997; Evans, 1999).

Our review of the literature reveals an absence of national-
level baseline data to describe the cognitive skills assessed
and taught in undergraduate biology courses. Recent re-
search (Zheng et al., 2008) calls for comprehensive studies of
this nature, and our study represents one such effort to
bridge that gap. Here, we present an analysis of course goals
and assessments from a national sample of universities and
colleges to address three questions. First, what is the mean
cognitive level faculty routinely target in introductory un-
dergraduate biology as evidenced on course syllabi and
assessments? Second, did faculty align their course goals
and assessments to determine the degree to which students
achieved the stated goals? Third, what factors—class size,
institution type, or articulating objectives on the course syl-
labus—predict the cognitive levels of assessment items used
on exams?

Bloom’s Taxonomy

We used Bloom’s (1956) Taxonomnty of Educational Objectives:
The Classification of Educational Goals, Handbook 1, Cognitive
Domain (hereafter referred to as Bloom’s taxonomy) to clas-
sify the cognitive skills targeted by introductory biology
courses. Created as a tool to facilitate communication among
assessment experts, Bloom’s taxonomy enables the classifi-
cation of assessment items into one of six cognitive skill
levels: knowledge, comprehension, application, analysis,
synthesis, and evaluation, which represent a continuum
from simple to complex cognitive tasks and concrete to
abstract thinking (Krathwohl, 2002). These cognitive skills
are organized into a hierarchy, where higher levels of
Bloom’s taxonomy encompass preceding levels—an analy-
sis-level question, for example, requires mastery of applica-
tion, comprehension, and knowledge. Research has con-
firmed the hierarchical nature of the first four levels; strong
support for a strict ordering of evaluation and synthesis is
currently lacking, thus these two levels are often combined
(Kreitzer and Madaus, 1994).

In the 50 years since its publication, Bloom’s taxonomy
has become widely cited and influential in K-16 education
(Anderson et al., 2001) as a useful tool to identify the cogni-
tive processing levels of objectives and assessments irrespec-
tive of assessment type (e.g., multiple choice or open-ended
response). Although considered overly simplistic by many
in education (Furst, 1981), Bloom’s taxonomy is an ap-
proachable tool that scientists can readily use (Crowe ef al.,
2008). In this study, we use Bloom’s taxonomy to categorize
the cognitive processing levels targeted by learning objec-
tives and assessments. Bloom’s taxonomy has been used in
this way by others (Fuller, 1997; Evans, 1999; Zheng et al.,
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2008), and State Departments of Education assessment pro-
grams use cognitive taxonomies, like Bloom’s, as part of the
alignment process (La Marca et al., 2000; Bhola et al., 2003;
Martone and Sireci, 2009).

METHODS

Data Sources

Course materials analyzed in this study were voluntarily
submitted by faculty who completed one of two nationally
recognized professional development workshops: Faculty
Institutes for Reforming Science Teaching (FIRST II; 2009)
and the Summer Institutes on Undergraduate Education
in Biology (SI) (Pfund et al., 2009). After completion of
each workshop, participants were contacted via email and
invited to participate in this study. Faculty who volun-
teered to participate in this study gave permission for the
analysis of all submitted course materials (i.e., assess-
ments and syllabi).

Both FIRST and SI sought to engage faculty in the process
of scientific teaching by providing both a theoretical foun-
dation of how people learn and opportunities to design and
revise instructional units. Faculty worked in collaborative
teams to apply principles of backward design (Wiggins and
McTighe, 2005) and Bloom’s taxonomy (Bloom, 1956) to
develop learning objectives, assessments, and instructional
activities. Completed modules were peer reviewed by work-
shop participants and revised.

The teaching experience of our study participants ranged
from 3 to 36 years, with an average of 13 years. Their
appointments varied from lecturer to full professor. Further,
these faculty represent a broad range of public and private
institutions, including Associate’s colleges, Baccalaureate in-
stitutions, Master’s colleges and universities, and Doctoral
universities (Table 1). Because SI recruited faculty exclu-
sively from research-intensive and -extensive universities,
approximately half of the courses analyzed for this study
were taught at Doctoral institutions.

Collectively, 50 faculty taught 77 introductory biology
courses (defined here as 100- and 200-level courses and their
equivalent) over the duration of two years. Based on course
titles, we classified more than half of the courses as general
biology (Table 2); the remaining half represented a broad
range of biological disciplines, from environmental science
to cell and molecular biology. The mean class size was 192
students, with a range of 14 students in the smallest course
and nearly 500 students in the largest course.

Data Collection

All data (syllabi and assessments) were collected from fac-
ulty within four semesters of their participation in the pro-
fessional development program. We focused our study on
two types of data: high-stakes course assessments (i.e., quiz-
zes and exams) that accounted for a large proportion (60—
80%) of the course grade, and course goals as described in
course syllabi. These data provide evidence of what faculty
consider important in courses. Goals stated in syllabi reflect
faculty priorities about what they expect students to know
and be able to do; assessments reflect how faculty evaluate
students” achievement of those learning goals (Wiggins and
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Table 1.

Courses, assessments, and instructors by institution type

Institution type® No. institutions No. courses® No. instructor® No. assessments No. items Weighted mean Bloom's
level (+SEM)4

Associate 5 11 8 39 923 1.53 = 0.09

Baccalaureate 4 12 7 26 601 1.95 = 0.10*

Masters 9 11 9 25 883 1.43 £ 0.05

Doctoral 26 43 26 289 7306 1.38 = 0.02

Total 44 77 50 379 9713 1.45 = 0.02

? We used the Carnegie classification (2000) to categorize institutions into four broad groups.
b Several faculty taught multiple iterations of the same course. We include all iterations of a course in our analysis.

¢ Several faculty submitted materials for the same course taught at two different times. In addition, several faculty submitted materials from
two distinct courses (e.g., Introduction to Biology and Introduction to Plant Biology).

4 The asterisk indicates significantly higher Bloom’s level (Kruskal-Wallis one-way analysis of variance with a post hoc Wilcoxon test to

explore pairwise comparisons (p < 0.05)).

McTighe, 2005). In practice, good course design aligns
course goals, assessments, and learning activities through
the process of backward design (Fink, 2003; Tanner and
Allen, 2004; Wiggins and McTighe, 2005), which supports
our decision to use these data to address our questions.
Indeed, faculty participants in SI and FIRST were explicitly
trained in backward design, which led to our expectation
that these faculty would articulate course learning goals that
aligned with subsequent assessments.

Rating Course Goals and Assessment Items

Two scientists independently assigned a Bloom’s level (1
through 6, where 1 = knowledge, 2 = comprehension, 3 =
analysis, 4 = application, 5 = synthesis, and 6 = evaluation)
to each goal and assessment item. There was substantial
agreement between raters for both assessments (Cohen’s
kappa = 0.64) and objectives (Cohen’s kappa = 0.65). We
computed a simple average of the ratings between raters for
syllabi goals. We calculated a weighted average for each
assessment item because questions written at higher cogni-
tive levels are often weighted more heavily (i.e., worth more
points) than questions written at the knowledge or compre-

Table 2. Course demographics
Course type® Proportion Mean class No. courses
of courses  size (=SEM) reporting
class size
Cell and molecular
biology 11.7% 144 = 37 9
Environmental
science 10.4% 70 = 15 6
Ecology 5.2% n.d. 0
General biology 55.8% 253 = 20 34
Genetics 3.9% 70 = 10 3
Other® 13% 81 + 37 5

* Courses were categorized based on course title.

P Courses categorized as “Other” included plant biology, microbi-
ology, and zoology.
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hension level. We then used these weighted values to com-
pute a single score for each assessment (i.e., exam or quiz).
As such, the Bloom’s score for an assessment represents the
summation of the weighted average of each item, where B
equals the average Bloom score for a particular item, w
equals the point value of the item, and V equals the total
points possible on an assessment:

i(B)(?,)

i=1

Statistical Analyses

To test the alignment between the mean Bloom's level of the
course goals and the weighted mean Bloom’s level for the
corresponding assessments, we used a one-way interclass
correlation, focusing on the consistency between the course
goals and assessments. Perfect consistency between course
goals and objectives would yield a consistency of 1. To
investigate whether class size influences cognitive levels of
assessment items on exams, we used a Pearson Product
Moment Correlation. To test for differences in cognitive
levels assessed by institution types, we used the Kruskal-
Wallis one-way analysis of variance; a nonparametric statis-
tic appropriate for categorical data. We examined significant
differences using a post-hoc Wilcoxon test to explore pair-
wise comparisons. Finally, to compare the Bloom’s level
assessed by courses with and without explicit goals stated
on syllabi, we used a Wilcoxon rank sum test, a nonpara-
metric means test to compare categorical data with unequal
sample sizes. All statistical analyses were conducted in the R
statistical environment (R Development Core Team, 2009).

RESULTS

Of the 9713 assessment items submitted to this study by 50
faculty teaching introductory biology, 93% were rated
Bloom’s level 1 or 2—knowledge and comprehension (Fig-
ure 1). Of the remaining items, 6.7% were rated level 3 with
<1% rated level 4 or above. For goals, 69% of the 250 goals
submitted were rated Bloom's level 1 or 2. Mean Bloom's
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level of course goals was not significantly correlated with
corresponding assessments, indicating no alignment (n =
26; p = 0.92; Figure 2).

Cognitive level of assessments was unaffected by class
size (n = 57;r = —0.097, p = 0.47; Figure 3) with both large-
and small-enrollment courses focusing assessments on low-
er-level cognitive skills. Baccalaureate institutions had a sig-
nificantly higher average Bloom score for assessments than
the remaining three institution types (p < 0.05), indicating a
statistical effect due to institution type (% = 38.7794, df = 3,
p < 0.0001; Table 1). However, the mean Bloom’s level of
assessments from Baccalaureate institutions was only 1.95 =
0.10 (SEM) indicating that regardless of institution type,
introductory courses overwhelmingly assess students at
lower Bloom’s levels (knowledge and comprehension).

Assessments by faculty who included goals on their
course syllabi differed significantly from those of faculty
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Figure 2. Alignment of course learning goals with assessments.
There is no correlation between syllabus goals and assessment items
(one-way interclass correlation, p = 0.92).
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who had no course goals or who did not submit a syllabus
(p = 0.03); however, the weighted mean (=SEM) Bloom's
level were 1.40 (£0.04) for faculty who included goals on
their syllabus and 1.43 (£0.02) for faculty who did not, a
difference that, while significant, lacks meaning in the realm
of education.

DISCUSSION

This study offers the first national analysis of learning
objectives and related assessments routinely used in in-
troductory biology courses. Our data support the typi-
cally anecdotal claim that introductory biology courses,
regardless of class size or institution type, focus on the
recall and comprehension of facts. Although course goals
are written to address a wide range of cognitive skills,
students are primarily assessed at low cognitive levels
(Bloom’s levels 1 and 2).

We recognize that learning goals and assessments alone
do not represent the totality of the teaching and learning
experiences that occur in introductory biology courses.
Other activities or experiences not accounted for in this
study may engage students in higher-level cognitive do-
mains. Term papers and group projects, for example, often
ask students to synthesize multiple biological concepts.
Variables such as class size and/or institution type may
influence the implementation and frequency of such activi-
ties. Faculty teaching large lecture courses with minimal
support staff may feel constrained to machine-scored assess-
ments that are both simple and quick to grade but that
typically assess lower cognitive levels. Although it is possi-
ble to write well-constructed and high-level multiple-choice
questions, this task proves both challenging and time-con-
suming (Haladyna et al., 2002). Still, we contend that the
goals that faculty articulate on their syllabi and the assess-
ments they give their students together reflect their expec-
tations for student learning in their courses.

CBE—Life Sciences Education
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Our results expand the analysis of Zheng et al. (2008).
Although the weighted mean Bloom level of assessments
analyzed in this study (1.45 = 0.02) is lower than reported by
Zheng et al. (2.43 = 0.14), this reflects sampling differences.
Indeed, Zheng et al. acknowledged the limits of their data
and called for additional analysis across a larger sample of
institution types. Still, Zheng et al. recognized that many of
their sampled introductory biology courses relied too
heavily on lower cognitive-level assessments. Thus, we join
Zheng et al. in calling for the reform of many introductory
biology courses such that a broader range of cognitive skills
is assessed.

The redefined vision of undergraduate biology education
advocates that understanding the nature of science, partici-
pating in scientific practices, and using evidence and logic to
reach conclusions are critical to learning biology (NRC, 2007;
Alberts, 2009; AAAS, 2009; Wood, 2009a). The focus on
lower-level cognitive processes (i.e., recalling and compre-
hending facts) may not prepare students for the challenges
of transferring knowledge to new contexts or approaching
realistic problem solving (Bransford et al., 1999; Handelsman
et al., 2007). We believe that students should begin practicing
the skills of connecting, transferring, and modeling scientific
concepts at the start, not end, of their degree programs.

We do not have a prescription for the “right” cognitive
level of goals and assessments in an introductory biology
course. However, we contend that “practice makes perfect.”
Students need early introduction to higher-level cognitive
tasks, and they need multiple opportunities to practice these
skills (NRC, 2007). Introductory biology classes must be part
of the practice in which students engage.

Many faculty argue that a primary focus on knowledge
and comprehension is necessary for introductory college
science courses (e.g., Guo, 2008) before students can complete
higher-level thinking tasks. Evidence to support such claims,
however, is lacking. Without question, experts have ready
access to a deep body of knowledge. But an expert can build
connections between ideas, recognize patterns and relation-
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assessment (Pearson Product Moment Corre-
lation, r = —0.097, p = 0.47).

ships that are often not apparent, and transfer knowledge to
novel situations (Bransford et al., 1999). Novice students
must learn and practice these skills with feedback from their
instructors (Krathwohl et al., 1964). It is only through ques-
tions that aspire to higher cognitive domains that students
will have the opportunity to hone and refine their skills
while learning content within a meaningful context.

Indeed, the approaches students take to studying course
material are greatly influenced by classroom activities and
assessments (Eley, 1992; Kember et al., 2008). Students adopt
deep learning approaches for a variety of reasons, including
the perceived demand of a course and related assessments
(Entwistle and Ramsden, 1983). Thus, courses that offer
students a variety of cognitive tasks have the potential to
positively impact student study habits and thus their
learning.

In an environment where time, energy, and resources are
limited, current and future faculty are confronted with the
seemingly insurmountable challenge of doing more in the
introductory biology classroom with less. There is a demand
for faculty to create assessments that assess a broad range of
cognitive skills. Such assessments establish expectations for
student learning and provide meaningful feedback to the
student and instructor. Further, faculty must develop learn-
ing goals at multiple cognitive levels and corresponding
classroom activities to support the development of students’
cognitive skills. Investing in the infrastructure of these in-
troductory biology courses will afford students multiple
opportunities to develop and practice critical thinking skills
while holding them accountable for their learning through
rigorous assessments that reflect real-world problems that
challenge multiple cognitive domains.
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