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Abstract and Introduction Interactive Group Study ® =P group
100
We are currently involved in the trar jon of our ur Introduction to Cell 90 20 O /NP group 1
and Molecular Biology course from a large lecture-based course to a more interactive Intreduction to Cell 80 o
student-centered format. Prior to beginning transformation, this course consisted of three and Molecular Biology 70 s O I/NP group 2
lectures per week with 4 hourly exams and a final exam upon which the entire grade was (307 students) S 60 2 30
based. We have since developed a set of course learning goals, added the use of T 50 5 o review working
clickers to the lectures, developed and administered a pre/post assessment for the S w0 g group
course, provided students with practice exam questions, and developed weekly problem o z * T E @ 20 g 20 o collaborative
sets to facilitate practice with the material. In addition, the students have access to online TS o naeI ) TOr iR wer 3 working group
tutorials tailored to the topics covered in lecture. During the transformation process, we 20 &
have undertaken a study to compare the learning gains of students in the lecture course to 10 0
those of students who also take part in small-group interactive sessions. We are also in o
the process of developing an Introductory Biology pre/post assessment tool linked to the Final written Exams and Clickers HW problems o
newly developed learning goals for assessing student learning gains in response to the quizzes 50 050 5069 o7s 5089 | 90100
transformed course format. Assessments and Homework
B working group O review working group O NP group 2 @ NP group 1 BNPgroup | Performance score (%)
To assess the effects of interactive collaborative learning on student performance, we hd 3 A Figure 3. Student performance on graded assessments. Students in both Figure 4. Graded performance scores for each group. The performance scores
zgerT:msész:éfulg;h&\t:rg;Lelfth:'zhais;grggxzu@?erly{lhlgg?’i:ozressesr:ssfl(ﬁsﬁgg’ 1Oin P ] P pating "m?:‘-‘.‘-“ froups working groups outperformed students in the NP group on the final written exam include all graded activities (exams, quizzes, clickers, and paper) except homework
repparation) Student vulumeerg we?(le divided into two ix enmegnta\ cohorts, as well 25 a TR S wuf.Pj:Tp g.?up‘ ” (p<0.01, two-tailed t test), two hourly exams and quizzes (p<0.01, two-tailed t test). problem sets. The average performance scores for both small working groups were

gon’:rol cohort of students who volunteered but could not ‘;mu 6 because of Students in the collaborative working group out-performed the NP group on the identical (80%+/-2.0) and significantly higher (p<0.01, two tailed t-test) than the NP group

nedul i e fi " | eohort | P! ph' . graded clicker questions (p<0.05, two-tailed t test), and out-performed all groups on (70%+/-3.0), the /NP 1 group (68%+/-3.0) and the I/NP 2 group (73%+/-9.7). The
scheduling conflicts. The first experimental cohort, led by a teaching assistant, the problem sets (p<0.001, ANOVA). distribution of the performance scores peaked at a higher value for the collaborative
participated in interactive review sessions on it ceptions and difficult € The T L ] working group (80-89) and the review working (70-79) than for the I/NP 2 group (60-69).
second cohort participated in peer-driven active learning sessions on these topics, o oy Table 1. Average pre-assessment scores’ Higher percentage of students in both working groups achieved a higher range of
facilitated by a pair of undergraduate learning assistants. These two cohorts were performance scores (i.e. >70) than other student groups. No students from both types of
compared wnh e_a_ch other_and the co_ntrol c_ohort. Students in the two expenmemal Group Pverassessr:,e"éévivazge working groups had the performance scores <50.
cohorts had significantly higher learning gains than the control cohort, while differences scores +/- SE (N)
between the two experimental cohorts were minimal. Possible explanations for these Entire Class 72.0 +1-0.76 (307) Normalized learning gain ) Sstudent | ) ins. Gains i
observations are discussed. Collaborative working groups®  42.0 +/- 1.80 (56) Figure 5. Student earning gains. Gains in

et Review working groups3 37.7 +/- 3.09 (25) 2 - conceptual understanding achieved by the_end of the

A validated assessment tool designed to test conceptual understanding of the main "‘/":;"’rgﬁ ) :ég:;: ;-%1&; = * semester were measured by re-administering the pre-
course learning goals (manuscript in preparation) was given the first week of class to NP gmug 2 40,6 +1- 2.71 (17) < % assessment as Igan of the fln?: exam (the post-

o i i . i = assessment). The conceptual learning gains were
measure student's incoming knowledge of molec_ular and cell biology concepts. The same Figure 1. Design of student groups. A total of 374 students were enrolled in T o - - § 50 g uaﬂy i thusegtudents whg ?ook oot the
assessment was re-administrated as part of the final exam (post-assessment). This the Fall 07 Introductory Cell and Molecular Biology course. The 307 students Data include only GPAS (?) of students who took boll £ 2
assessment tool provided a measure of student learning gains during the who the course and took both the pre- and post-assessment were ‘c:eu:)sr: and post ssessment and conpleted he 5 pre- and post 1, and are were exp as

g 5y - - " -
included in this study. In total, 67 students were excluded from this study 2 Mean +/- Standard Error, with the number of students B % of mlaxlg1lal posslb\e .le?ml{:? gallr_l‘ TTS averag:la/
because they did not complete the course (40 students), they only attended the (N) in each group. There was no significant difference £ ':7"1"21‘1651 edam;ng EI’_IE“" ur{’ ne f"d".e C.‘:hss wask ©
H H : . . in the means between the groups (one-way ANOVA £ -1.31. Students who participated in either working
Introduction to Cell and Molecular Biology W°’k'1',‘9 !’I"’“P_f‘” one session (dlo f‘”de"‘s)- ‘the_y rad no 'e":;]”'gg gains of Post Hoc Tukey analysis). s 1 group had significantly higher learing gains (58% and
Transformation: Fall 2005 vs Fall 2008 {]oefkatll-‘llee learning gains (. buf :oletrl-]leS) (Gse.e materials aﬂ(6 m'ﬁhomsz. or 4) they 3Data for tr:(e 4 collaborative working gmups and 2 ° 639% for collaborative and review working groups,
p it p 1t feview working groups were averaged. colaborative  reviewviorking  INPgoup2 VNP group 1 Negop  respectively) than the NP group (41%) (p<0.05 and
Eall 2005 Fall 2008 © working group group . p<0.01 respectively). Students in either working group
) Table 2. Working group attendance roup also had higher normalized leaning gains than I/NP
50 minute lectures (MWF) - 3 Sance e T e groups 1 and 2.
. . roup Attendance (number of times) " . . .
50 minute lectures (MWF) Course level and topic learning goals ° Data for the 4 collaborative working groups and the 2 review working groups were averaged.
Pre-post assessment T (2-4) 67 (8-11) *p <0.05 *p<0.01 One-way ANOVA (Post Hoc Tukey) analysis.
. > o A
3 hourly exams ConceP_t bas_ed pmble"’_‘ SEtS_ (online) i ae| [Collaborative working groups  1.8% (1) 7.1% (4) 91% (51)
Interactive clicker questions in lecture Lw o | Review working groups 24% (6) 28% (7) 48% (12)
. 3 hourly exams 0 =0
final exam i Iy g, s
. 'nﬁ‘ examf g Table 3. Average final grade in different student groups )
Surveys (data collection for SEI project g
¥s (data collec project) £ o T e Conclusions
. Text: Biological Science, Custom Ed., (Meant +- Std. Error)
Text: Fi Students in the experimental cohorts (review working group and collaborative working group)
Essential Cell Biolo SR ACENET ° outperformed the control cohort in terms of overall course grade.
At 9y, Online tutorials (MasteringBiology) NP group w1 Np2 reseunonng | cotborae l'j:j;;’vggp . 1401 gi’;‘) utp: ! a urse grade.
group working group
Finalgrade \INP group 2 70.7 +- 0.3 (17) Students in both experimental cohorts significantly outperformed the control groups on the
9 il
Exams = 100% of grade Review working groups 80.2* +/- 0.2 (25) ; . -
Exams = 100% of grade - oI Figure 2. Course grade distribution for each student cohort. The majority of Collaborative working groups 8327 +1-0.9(56) written portion of the final exam.
q P . f students in the collaborative working group achieved an “A” grade in the course. Ivalues are mean +/- Std. Error, with n in parenthesis Students in the collaborative working group outperformed the NP group on graded clicker
Optlonal_ interactive co-seminar (for The majority of students in the review working group achieved a “B” grade, while *p <0.05 when compare to the control group (I/NP group 2) questions and outperformed all groups on the problem sets.
o wer -tailed t tes). .
credit; run by LAs and TAs) the majority of students in the remaining groups achieved “C" grades. (two-tai

Students in either experimental cohort had significantly higher conceptual learning gains than
the control cohorts.

Introductory Biology Concept Inventory

Data from this study performed on the class from Fall 2007 were used to support the decision to

01 offer an optional “collaborative” co-seminar (for credit) for students in the Fall 2008 course.
' Sos The Introductory Biology Concept Assessment used in this study is currently undergoing
os ) refinement and validation by interviews of previous students and introductory biology experts.
B os
g
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3 oo So
S g
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Zos s Table 4. Mean pretest, posttest, and learning gain scores for students, TAS/LAs, and
3 2 02 introductory biology experts
£ a
g o2 H 5 01 W Mean pretest Mean posttest Mean learning gain
o H 0 (+-SE), % (+-SE), % (+-SE), %
del T TaTs e ehon mwu s aewr e Jam waum wamm 12 s 456 78 saou 121 5 1w 1m0z 22z 22 mm
Students 307 416 (+-08) 714 (+-09) 54.0 (+/- 0.8)
oz Question # Question # TAS/LAS 14 755 (+-03) 845 (+-1.1) 44.7 (+1- 7.8)
X . . X . X Biology experts 10 NA® 90.0 (+- 5.4) NA®
Figure 6. P values for each question on the biology concept assessment (pretest Figure 7. D values for questions on the biology concept assessment (pretest and posttest). Results were
and posttest). P values represent the ratios of correct answers to the total number of calculated (see below) from the same data set as in Figure 1. Questions that have higher D values more effectively 2 Number of people who took the IBCA®. Students were enrolled in introductory biology at CU.
responses. Results are based on 307 students who completed Introductory to Cell and discriminate students whose overall test scores identify them as strong or weak students (Doran, 1980). Questions that ;:2[5“ as';'i:”;siE::jﬁ;:‘:”(‘:‘:;{g:(;"v‘ﬁ;’@";z‘l’(”‘i‘: ‘;‘(“:‘j\egivi:i?ﬁ:;‘g";'ryvcg‘m‘::igs"’gy experts
Molecular Biology course in fall 2008 at University of Colorado. Lower values indicate show high D values on the pretest (blue; only strong students answered them correctly) and low D values on the post UNA, not applicable. [
more difficult questions. All except questions 20 and 24 shows an increase in correct test (purple; most students answered correctly) correspond to concepts on which most students gained understanding
answers as illustrated by different colored bars. Questions are grouped according to during the course. Questions with high D values on both pretest and posttest correspond to concepts that primarily only “IBCA: Biology Concept

learning goals indicating the extent of student learning on the corresponding concepts. the stronger students understood at the end of the course. Questions are grouped according to learning goals.
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