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This study compared the effectiveness of collaborative group composition and instructional method
on reasoning gains and achievement in college biology. Based on initial student reasoning ability
(i.e., low, medium, or high), students were assigned to either homogeneous or heterogeneous collab-
orative groups within either inquiry or didactic instruction. Achievement and reasoning gains were
assessed at the end of the semester. Inquiry instruction, as a whole, led to significantly greater gains in
reasoning ability and achievement. Inquiry instruction also led to greater confidence and more pos-
itive attitudes toward collaboration. Low-reasoning students made significantly greater reasoning
gains within inquiry instruction when grouped with other low reasoners than when grouped with
either medium or high reasoners. Results are consistent with equilibration theory, supporting the
idea that students benefit from the opportunity for self-regulation without the guidance or direction

of a more capable peer.

INTRODUCTION

Classroom inquiry requires that learners engage in scien-
tifically motivated questions, generate and test alternative
explanations based on evidence, connect explanations with
scientific knowledge, and communicate and justify their
explanations (National Research Council [NRC], 2000).
Research has shown that inquiry instruction, using the learn-
ing cycle, is an effective constructivist teaching method lead-
ing to greater conceptual understanding and scientific reason-
ing gains over a traditional lecture format (e.g., Heiss et al.,
1950; Renner et al., 1973; Howard and Miskowski, 2005; Spiro
and Knisely, 2008; Minner et al., 2009; Rissing and Cogan,
2009). In addition, inquiry instruction improves student atti-
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tudes and motivation to learn (Gibson and Chase, 2002; Berg
et al., 2003).

Most inquiry instruction takes place in collaborative set-
tings. As suggested by Bransford et al. (2000), social interac-
tions can shape the learning process itself. Although collab-
orative learning has been heralded as an effective strategy
to improve student learning, retain science, technology, engi-
neering, and mathematics (STEM) students, and meet many
of the National Science Education Standards (American Asso-
ciation for the Advancement of Science, 1989; Forman, 1989;
Drew, 1996; NRC, 1996; Slavin, 1996; Lord, 1997; O’Donnell
and King, 1999; Pratt, 2003), there exist differences of opinion
regarding the most effective group composition (when com-
position is based on some form of cognitive ability). Evidence
has been found in support of both homogeneous and hetero-
geneous group compositions. However, the causal mecha-
nisms behind the success of one composition over another are
less well defined. In this study, we attempt to resolve incon-
sistencies in the literature over the most effective composition
of collaborative learning groups within inquiry instruction as
well as within traditional didactic instruction.

Most research on group composition has been done at the
K-12 education levels. Some researchers have found homo-
geneous groups to be more beneficial than heterogeneous
groups in promoting achievement. For example, Hooper
(1992) found that fifth- and sixth-grade students placed in



homogeneous groups helped each other more and had higher
achievement than those in heterogeneous groups. Fuchs
et al. (1998) found that, among third and fourth graders, high
reasoners performed better in homogeneous groups. In ad-
dition, they found that, when high reasoners were placed in
heterogeneous groups, lower reasoners tended to stop partic-
ipating and allowed the higher reasoning student(s) to do all
of the work. Additionally, some studies in secondary schools
have found that medium reasoners do better in homogeneous
groups (see Webb, 1991, for a review).

Alternatively, other researchers have found that heteroge-
neous groups outperform homogeneous groups. For exam-
ple, Amaria et al. (1969) found that heterogeneous groups pro-
duced superior and more creative problem solutions, which
led to greater group satisfaction than homogeneous groups.
Simsek and Benhong (1992) also found a more positive atti-
tude toward group work among fourth through sixth graders
in heterogeneous groups. Further, several researchers have
found that heterogeneous groups lead to greater achieve-
ment gains among low reasoners. Bracey (1994) and Carter
and Jones (1994) found low reasoners (among fifth graders)
to be more on task in heterogeneous groups, and Webb et
al. (2002) found that the quality of eighth-grade student dis-
cussions was higher in heterogeneous groups. Bracey (1994)
found that high reasoners (among fifth graders) practiced
verbal elaboration more frequently when placed in hetero-
geneous groups. Nattiv (1994) and Hooper (1992) found the
amount of verbal elaboration to be positively correlated to
achievement among elementary students.

At the college level, several studies have documented the
success of collaborative groups in terms of achievement, at-
titudes, and persistence in STEM subjects (McKinney and
Graham-Buxton, 1993; Johnson et al., 1998; Armstrong ef al.,
2007; Doymus, 2008; Preszler, 2009; see Bowen, 2000, for a
review). Only a few such studies have explored the effects
of heterogeneous versus homogeneous group compositions.
An early study by Laughlin (1978) found that high reason-
ers performed better in homogeneous groups. Lawrenz and
Munch (1985) found homogeneous groups to have better
physical science achievement and greater reasoning gains.
Nevertheless, students’ initial reasoning was a better pre-
dictor than group composition. Weld (1999) found that stu-
dents working on abstract algebra problems in homogeneous
groups gained greater understanding, presumably because
they were forced to work through the problems together.
In heterogeneous groups, one student usually took the lead
and all others followed, regardless of the correctness of the
lead student’s strategies. In a college psychology course, Baer
(2003) found that high and medium achievers had higher fi-
nal exam scores in homogeneous groups than in heteroge-
neous groups. Although Watson and Marshall (1995a, 1995b)
predicted that heterogeneous groups would promote better
learning in the college classroom due to greater student inter-
actions, they found no difference in achievement among the
grouping strategies. Lawson (1992) found that medium rea-
soners were less motivated and more frustrated when paired
with students of lower reasoning ability, and thus preferred
to be paired with an equally matched or higher reasoning
peer. In sum, the few college-level studies that have been
done reveal no clear consensus regarding the better group
composition.
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Consideration of the relevant theories may offer additional
insight into the reasons for the relative success of differ-
ent group compositions. For example, equilibration theory
may offer a causal mechanism for the success of homoge-
neous groups. According to the theory, as individuals in-
teract with their environment and encounter contradictory
(i.e., disequilibrating) experiences, prior mental structures
are reorganized as gaps and contradictions are discovered
and eventually resolved through the process of equilibration
or self-regulation (Flavell, 1963; Piaget, 1985; Yackel et al.,
1991; Lawson, 2002; O'Donnell et al., 2006). Social interaction
can influence self-regulation by posing critical cognitive con-
flict that disturbs equilibrium and forces the individual to
restructure his/her cognitive architecture (e.g., Pulaski, 1980;
Damon, 1984; Doise and Mugny, 1984; Kubli, 1989; Lumpe,
1995). However, social interaction alone is presumably not
sufficient to cause cognitive change. The process of equilibra-
tion is seen primarily as an individualized process that takes
place without the interference or leading of more able peers.
Only when the self-driven process is completed will it lead to
the construction of new knowledge and the development of
more complex cognitive structures. Thus, equilibration the-
ory predicts that students should experience greater reason-
ing gains and higher science achievement in homogeneous
groups where equilibration (self-regulation) is more likely to
take place unimpeded.

Alternatively, more socially oriented theories of devel-
opment propose that the social environment can initiate
change and also shape the change itself (Vygotsky, 1981;
Damon, 1984; Tudge and Rogoff, 1989). For example, Vygot-
sky believed that children could perform above their cur-
rent level of development when collaborating with others of
higher ability (to a limited extent, of course) (Vygotsky, 1978;
Woolfolk, 2004). Called the zone of proximal development,
students have a level of potential development beyond their
actual developmental level. If helped by a more able peer,
with time the child will internalize the skills he/she observes
in the more capable peer and learn to use them on his/her
own (Ormrod, 2000; O'Donnell et al., 2006). Researchers have
used Vygotsky’s zone of proximal development to explain the
success of collaboration, especially in heterogeneous groups,
with respect to ability (e.g.,, Mugny and Doise, 1978; Tudge,
1990). Thus, Vygotsky’s more socially oriented theory of de-
velopment seems to predict that students should experi-
ence greater improvement in reasoning ability and science
achievement in heterogeneous groups where these helping
behaviors are more likely to take place.

Given these differing empirical results and theoretical per-
spectives and predictions, we evaluated the success of both
homogeneous and heterogeneous groups within collabora-
tive settings. Further, to determine whether the instructional
method had an interactive effect on the varied success of each
type of collaborative group, both types were integrated into
two instructional methods: inquiry and didactic.

METHODS

Participants

The study was conducted at a Southwestern community col-
lege serving over 13,000 students annually. Approximately
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67% of the students are White, non-Hispanic, and the re-
maining 33% are minority races including American Native,
Asian/Pacific Islander, Black, and Hispanic. This study was
approved by the Institutional Review Board under exempt
status.

Eight sections of a college introductory biology course, Cel-
lular & Molecular Biology 181, participated in the study. Each
section consisted of approximately 20 students. Sections met
for 2 h and 45 min, twice weekly, which included both lecture
and lab time. The study was conducted over two semesters
with a total of eight sections and 144 subjects (due to typical
attrition rates between 10% and 20%, the number of subjects
included in the final analysis varied slightly in each treatment
condition; see Table 1).

Students ranged in age from 19 to 25 years old. A major-
ity of students (67%) were declared Pre-Health majors (i.e.,
Pre-Medical, Pre-Dental, Pre-Pharmacy, Pre-Physical Ther-
apy, Pre-Nursing, and a few others). Most students were in
their first semester of their major; 47% of them were freshmen.

Experimental Design

A quasi-experimental nonequivalent groups design was
used. Results were analyzed using two-way analysis of
variance (ANOVA). Steps were taken to ensure as much
group equivalence as possible among the four treatment
groups (i.e., identical classrooms, laboratory materials, text-
books, resources, curriculum, and expected learning out-
comes). Inquiry and didactic sections had equivalent gen-
der distributions (34% male in inquiry; 35% male in di-
dactic), initial average reasoning ability (Mmqury = 14.0;
Mbpidactic = 13.2), percentage of Pre-Health majors (67.4%
in inquiry; 64.9% in didactic), and attrition rates (22.8%
in inquiry; 20.0% in didactic). The four treatment condi-
tions were as follows: 1) inquiry instruction with homo-
geneous collaborative groups, 2) inquiry instruction with
heterogeneous collaborative groups, 3) didactic instruction
with homogeneous collaborative groups, and 4) didactic
instruction with heterogeneous collaborative groups (see
Table 1). The collaborative interactions in each treatment con-
dition most closely resembled peer collaboration techniques
as described by Damon and Phelps (1989), group investiga-
tion described by Sharan and Sharan (1992), and base groups
described by Johnson et al. (1998). Students were allowed to
work together on in-class work, but they were assessed in-
dividually. Instructors watched for any issues of free-riding

or dominating by any group members, and those behaviors
were discouraged when necessary. Group activities, which
generally consisted of laboratory activities, were similar in
both instructional methods and were structured and inten-
tional, rather than haphazardly suggested. Although pre-
sentation styles differed between instructional methods (see
more specific descriptions below), both were structured iden-
tically with 1 h devoted to “instruction” and 1.5 h dedicated to
collaborative laboratory activities. Classrooms were arranged
so that students sat at tables in their groups for the entire class
period, including lecture.

Instructional Methods. One instructor taught two sections
each semester using the inquiry method, more specifically
the learning cycle method as described by Lawson (2002).
Another instructor taught two sections each semester using
a traditional style of didactic teaching.

Within the inquiry sections, students began each topic with
an exploration of some phenomenon followed by applica-
ble term introduction and application activities. Generally,
labs served as exploration activities in which students were
allowed room to explore, raise causal questions, and gener-
ate and test multiple hypotheses. Term introduction used ei-
ther PowerPoint or whiteboards. Occasionally, lab activities
served as application activities, although more commonly,
homework assignments or group activities did so.

The didactic treatment consisted primarily of lecture by
PowerPoint during the first half of class with little student
interaction. During the second half of class, students collab-
orated in groups on laboratory activities pertaining to the
current day’s lecture or the lecture of the previous day. Labo-
ratories generally directed students on each step of thelab and
hinted at the appropriate outcomes. Little room was allowed
for student exploration or hypothesis generation and test-
ing. Supplemental Material 1 contains example lesson plans
for each instructional method illustrating the key differences.
Supplemental Material 2 contains sample exam questions il-
lustrating the differences in assessment strategies between
the two instructional methods.

Group Composition. Within both inquiry and didactic sec-
tions, students were assigned to collaborative groups for the
entire semester. Collaborative groups were organized as ei-
ther homogeneous or heterogeneous based on students’ ini-
tial reasoning abilities as determined by the Classroom Test
of Scientific Reasoning (version 2000; Lawson, 1978). Homo-
geneous groups consisted of students with similar reason-
ing abilities. Heterogeneous groups consisted of at least one

Table 1. Experimental design for two-way ANOVA

Instructional method

Inquiry Noninquiry Total subjects in each group
composition
Group composition Homogeneous High 12 11 67
Medium 13 13
Low 9 9
Heterogeneous 39 38 77
Total subjects in each 73 71 144

instructional method

Numbers indicate the total number of subjects in each treatment condition.
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student with low reasoning ability and at least one student
with high reasoning ability. Each section contained six collab-
orative groups, three homogeneous and three heterogeneous,
consisting of three to four students each (in some cases, attri-
tion led to less than expected collaborative group sizes). The
three homogeneous groups in each section consisted of a ho-
mogeneous high, homogeneous medium, and homogeneous
low group. Some studies have found that students do not nor-
mally collaborate unless compelled to do so (Cohen, 1994;
Webb and Palinscar, 1996). However, Bruffee (1995) found
that, at college age, students were well adept at interdepen-
dence and therefore more apt to spontaneously collaborate.
A guide to effective collaboration was designed, distributed,
and discussed in each section to encourage collaboration. In-
structors watched for and discouraged noncollaborative be-
haviors. In addition, most activities were designed so that col-
laboration was necessary to complete the task effectively and
efficiently (i.e., lab activities with multiple tasks, or that asked
for students to discuss their results within their groups).

Instruments

Achievement. Student achievement was assessed by a com-
mon course final exam. The exam, informed by several
standardized biology exams, consisted of 30 multiple-choice
items at the knowledge and comprehension levels of Bloom's
Taxonomy (herein referred to as low-level Bloom items;
Bloom, 1984) and 27 multiple-choice items at application level
or above (herein referred to as high-level Bloom items). Thus,
the exam assessed both declarative knowledge as well as rea-
soning abilities. Items were designed and then categorized
into Bloom levels by two individuals trained in assessing
levels of Bloom’s Taxonomy. Items were discussed and mod-
ified until both raters came to an agreement on the Bloom’s
level. The Spearman-Brown split-half reliability coefficient
was 0.83.

Initial Reasoning Ability and Reasoning Gains. A mod-
ified version of the Classroom Test of Scientific Reasoning
(version 2000; Lawson, 1978) consisting of 24 items was used
to assess initial reasoning ability and reasoning gains. Valid-
ity and reliability of the test have been established by several
studies (Lawson et al., 2000). Reasoning ability has been found
to be a good predictor of future conceptual understanding
and achievement (Lawson ef al., 2000), and thus should be
an appropriate means of establishing collaborative groups.
Students scoring between 0 and 8 were classified as “low rea-
soners”; scores between 9 and 14 were classified as “medium
reasoners”; and scores 15 and above were classified as “high
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reasoners.” The reasoning test was administered as an in-class
assignment at the beginning of the course. Students were not
graded on their performance but were not made aware of this
until after completing the test. The reasoning test was read-
ministered at the end of the semester as part of the final exam.
Reasoning gains were calculated by subtracting initial scores
from final scores. Gains were reported as a positive number;
digression was reported as a negative number.

Reasoning Transfer. Six reasoning transfer items not in-
cluded in the reasoning pretest were included in the course
final exam. These six items served as an independent assess-
ment of reasoning abilities as they could not have been in-
fluenced by pretest exposure. Items were patterned after the
Classroom Test of Scientific Reasoning. Two sample transfer
items are presented in Supplemental Material 3.

Attitude Survey. A pre- and posttreatment attitude survey
was administered. The survey consisted of 15 items probing
attitudes about group work, learning style preferences, con-
fidence in the subject matter, self-esteem, group functioning,
and instructor and class organization. Multiple items were
used to assess each attitude. A total score for each category
(e.g., a group function score) was obtained by taking an aver-
age score of all related responses. For example, a group func-
tioning score was calculated by averaging responses to items
shown in Table 2. Other sample pretest items are presented in
Supplemental Material 3. Posttest items were assessed using
a four-point Likert scale asking for degree of agreement or
disagreement with the items. Sample posttest items are also
presented in Supplemental Material 3.

RESULTS

Data from the four sections in the first semester were com-
bined with data from the four sections in the second semester
to increase N, increase power, and decrease the chances of
semester-specific spurious results. Both achievement scores
and reasoning change scores were analyzed for approximate
normality using q-q plots. Both sets of scores show approxi-
mate normality and do not appear to violate this assumption.

Achievement on High-Level Bloom Items

Instructional Method. The achievement measure was parti-
tioned into high-level Bloom and low-level Bloom items. On
high-level Bloom items, inquiry sections outperformed di-
dactic sections (1’1 = 73, Minquiry = 68.90/0; n= 71, Mdidactic =
64.9%; F = 4.15, p = 0.04; see Table 3).

Table 2. Items from the post-attitudes survey assessing group function

Statements from post-attitudes survey

Group function assessed

1. My group worked very well together.

2. There was one (or more) person in my group who did not participate much.

3. There was one (or more) person in my group who dominated most of the activities.

4. I made significant contributions of knowledge and/or ideas to the group.

5. My group member(s) made significant contributions of knowledge and/or ideas to the group.

6.1 studied with the members of my group outside of class.

Degree of collaboration
Free-riding
Dominating
Free-riding

Free-riding

Degree of collaboration

Items were graded on a four-point Likert scale (1 = strongly agree, 2 = somewhat agree, 3 = somewhat disagree, 4 = strongly disagree). To
obtain an overall group function score, responses to questions 2 and 3 were reverse-coded, and then all responses were averaged.
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Table 3. Mean scores for each condition on achievement and reasoning transfer

Inquiry Didactic
Homogeneous Heterogeneous Homogeneous Heterogeneous
High-level achievement
Instructional method 68.9 £0.13% 64.9 +0.12
Group composition 69.4 4+ 0.12 68.6 +0.14 62.140.12° 67.3+0.13
Initial reasoning abilities
High 725 +0.11 78.0£0.11 70.1 £0.09 73.5£0.10
Medium 67.1+0.13 64.7 = 0.08 60.0 & 0.09 67.4 +0.12
Low 64.2 +0.08 56.3+0.14 474 4+0.09 59.0 £ 0.13¢
Low-level achievement
Instructional method 61.6 +£0.13 65.6 +0.16
Group composition 62.4+0.11 61.0 £ 0.14 58.5+0.14 71.8 +0.144
Initial reasoning abilities
High 65.0 £0.10 68.4 +0.13 65.9 +0.11 78.8+0.10
Medium 58.9 £ 0.10 549 +£0.13 56.9 £ 0.14 69.0 +0.16
Low 65.6 £0.17 55.9+0.13 4444 0.08 64.7 £0.15
Reasoning transfer
Instructional method 2.89 £+ 1.39¢ 2.52+1.32
Group composition 3.00 +1.41 2.79 +1.38 218 +£1.19 2.82 +1.37
Initial reasoning abilities
High 344 +£1.26 3.65 £1.12 3.08 £0.86 3.38+141
Medium 2.334+1.23 2.314+1.38 1.67 £0.98 2.80 +1.14
Low 4.00 & 2.008 1.89 £0.93 140 £1.14 2.08 +1.24

Values are percentages (mean =+ SD) for high-level Bloom’s items and low-level Bloom'’s items. Reasoning transfer items are reported as total

points (mean + SD) out of a possible six items.
2Inquiry sections outperformed didactic sections (p = 0.04).

bHomogeneous groups within didactic instruction performed lower that homogeneous groups within inquiry instruction (p = 0.02).

‘Low-reasoning students had higher scores in heterogeneous groups than homogeneous groups within didactic instruction (p = 0.04).
dHeterogeneous groups outperformed homogeneous groups within didactic instruction (p < 0.01).

¢Inquiry sections significantly outperformed didactic sections (p = 0.01).

fHeterogeneous groups outperformed homogeneous groups in didactic sections (p = 0.02).

&Low reasoners in homogeneous inquiry groups outperformed low reasoners in heterogeneous inquiry groups (p = 0.02) and low reasoners

in homogeneous didactic groups (p < 0.01).

Group Composition. Within the inquiry sections, no differ-
ence was seen between homogeneous groups and heteroge-
neous groups, overall (n = 34, Mpomogeneous = 69.4%; n = 39,
Mheterogeneous = 68.6%; F = 0.08, p = NS; see Table 3). Homo-
geneous groups within the didactic sections had the lowest
scores, significantly lower than homogeneous groups in the
inquiry sections (n = 34, Minquiry = 69.4%; 1 = 33, Maidactic =
62.1%; F =5.69, p = 0.02). (Homogeneous groups were lower
than heterogeneous groups in the didactic condition, but the
difference did not reach significance, 7 = 33, Mhomogencous =
62.1%; 1 = 38, Mhpeterogeneous = 67.3%; F = 3.26, p = 0.08.)

Low-reasoning students had higher scores in heteroge-
neous groups than homogeneous groups within the didactic
sections (1’1 = 5/ Mhomogeneous = 47-40/0; n= 12/ Mheterogeneous =
59.0%; F = 4.44, p = 0.04). However, within the inquiry sec-
tions, the average score for low reasoners in homogeneous
and heterogeneous groups was statistically equal, although
low reasoners had relatively higher scores in homogeneous
groups, a trend that is repeated and more statistically signif-
icant for reasoning scores (11 = 3, Mhomogeneous = 64.2%; 1 =19,
Mheterogeneous = 56.3%; F = 1.12, p = NS; see Figure 1). Medium
and high reasoners showed no statistically significant trends
between group compositions or instructional methods.
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Achievement on Low-Level Bloom Items

Instructional Method. Inquiry and didactic sections per-
formed equally on low-level Bloom items (1 = 73, Minquiry =
61.6%; n = 71, Madactic = 65.6%; F = 2.35, p = NS; see
Table 3).

Group Composition. No significant differences were seen
on low-level Bloom items between group compositions
within the inquiry sections (7 = 34, Mhomogencous = 62.4%;
1 = 39, Mheterogeneous = 61.0%; F = 0.18, p = NS). Within the
didactic sections, heterogeneous groups significantly outper-
formed homogeneous groups (1 = 33, Mhomogeneous = 58.5%;
1 = 38, Mheterogencous = 71.8%; F = 22.02, p < 0.01; see Table
3 and Figure 2). Didactic heterogeneous groups, however,
showed no advantage over either group composition within
inquiry (see Table 3).

Reasoning Gains and Reasoning Transfer

Instructional Method. No significant differences were found
between the inquiry and didactic sections for overall reason-
ing gains (n = 73, Minquiry = 1.97; n = 71, Maidactic = 2.07;
F = 0.01, p = NS; reasoning gains were calculated by sub-
tracting initial reasoning scores from final reasoning scores;

CBE—Life Sciences Education
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Figure 1. Achievement on high-level Bloom’s Taxonomy items or-
ganized by the initial reasoning ability of the student and the group
composition in which they were placed in inquiry instruction (a)
and didactic instruction (b). Scores represent the average percent-
age correct out of the total number of high-level items administered.
An asterisk (*) indicates that the difference between scores for low
reasoners is significant (p = 0.04). Students in homogeneous groups
within the didactic condition performed significantly lower than stu-
dents in homogeneous groups in the inquiry condition (p = 0.02).

a maximum of 24 points was possible). However, the inquiry
sections significantly outperformed the didactic sections on
the reasoning transfer items (1 = 73, Minquiry = 2.89; n =71,
Maidactic = 2.52; F = 6.42, p = 0.01; see Table 3; reasoning trans-
fer items were calculated based on a six-point scale). The most
significant effects were found among low reasoners. Low rea-
soners in homogeneous groups within the inquiry sections
significantly outperformed those within the didactic sections
(n = 3, Minquiry = 4.00; 1 = 9, Maidactic = 1.40; F = 9.58; p <
0.01; see Figure 3). In fact, within the inquiry sections, the stu-
dents in homogeneous low groups equaled the performance
of students in homogeneous high groups within inquiry (n =
3/ Mhomogeneous low = 400/ n= 16/ Mhomogeneous high = 344/ p=
NS). This was not the case in didactic homogeneous groups
(i’l =5, Mhomogeneous low = 1.40; n =13, Mhomogeneous high = 3.08;
p < 0.01).

Group Composition. Reasoning gains were most signifi-
cant among low reasoners. These gains appear to be depen-
dent on both the instructional method and the group compo-
sition (Finteraction = 8.79, p < 0.01). Within inquiry instruction,
low reasoners had higher reasoning gains within homoge-
neous groups than heterogeneous groups (11 = 3, Mhomogeneous
=8.67;11 =9, Mheterogeneous = 2.67, F =5.22, p = 0.03). Within di-
dactic instruction, low reasoners had higher reasoning gains
within heterogeneous groups (1 = 5, Mhomogeneous = 2.20; 1 =
12, Mheterogeneous = 6.00; F = 3.39, p = 0.08; note: differences
were almost significant).
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Figure 2. Achievement on low-level Bloom’s Taxonomy items or-
ganized by the initial reasoning ability of the student and the group
composition in which they were placed in inquiry instruction (a)
and didactic instruction (b). Scores represent the average percent-
age correct out of the total number of low-level items administered.
Opverall, heterogeneous groups outperformed homogeneous groups
(p < 0.01).

The same trend appears with reasoning transfer scores.
Within inquiry instruction, low reasoners had much higher
reasoning transfer scores when placed in homogeneous
groups (n=3, Mhomogeneous =4.00;n=9, Mheterogeneous =1.89;
F = 6.78, p = 0.02; see Table 3). Medium and high reason-
ers had equal gains in both grouping conditions (see Ta-
ble 3). Within the didactic sections, students in heteroge-
neous groups, overall, outperformed students in homoge-
neous groups (n=33, Mhomogeneous =218;n=38, Mheterogeneous
= 2.82; F =5.75, p = 0.02). However, low reasoners had no
advantage in either group composition, having the lowest
reasoning transfer scores in both conditions.

Attitudes Analyses

The attitudes survey revealed a significant positive correla-
tion between the group functioning score of each group and
the amount of helping behaviors that occurred within that
group (n = 144; r = 042, r? = 0.18, p < 0.01; see Figure 4).
Although not strong, there was also a significant positive
correlation between the amount of helping behaviors in the
group and average achievement for group members (1 = 142;
r=0.19, 7> = 0.04, p = 0.02; see Figure 4).

In addition, students in the inquiry sections expressed
greater confidence in their own reasoning ability (n = 73,
Minquiy = 3.35; n = 71, Myidactic = 3.08; F = 649, p =
0.01). Inquiry sections also expressed better attitudes toward
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Figure 3. Scores on reasoning transfer items organized by the initial
reasoning ability of the student and the group composition in which
they were placed in inquiry instruction (a) and didactic instruction
(b). Scores represent the average score on six reasoning transfer items
administered as part of the final exam. An asterisk (*) indicates that
the difference in reasoning transfer scores among low reasoners is sig-
nificant (p = 0.02). ¢, Low reasoners in homogeneous groups within
the inquiry condition significantly outperformed low reasoners in
homogeneous groups within the didactic section (p < 0.01) and per-
formed equally as well as high reasoners in the inquiry condition (p
= NS). Overall, heterogeneous groups outperformed homogeneous
groups within the didactic condition (p = 0.02).

collaboration (n = 73, Minquiry = 3.50; 11 = 71, Myidactic = 3.30;
F=4.06,p=0.05).

DISCUSSION

When achievement was measured by high-level Bloom items,
inquiry sections outperformed noninquiry sections. This re-
sult is consistent with previous studies, indicating that in-
quiry instruction leads to greater conceptual understanding
(Heiss et al., 1950; Renner et al., 1973; Minner et al., 2009).
Instructional method had little effect on achievement when
measured by items at the knowledge or comprehension lev-
els of Bloom’s Taxonomy (i.e., by items requiring recall or
minimal understanding). This was expected as knowledge-
level items should not be highly influenced by one’s rea-
soning ability, although comprehension-level items have
been found to be influenced somewhat by reasoning ability
(Lawson et al., 2000). Further, inquiry sections had higher
scores on reasoning transfer items, with significantly higher
performance within homogeneous groups, showing that in-
quiry instruction improves reasoning skills more effectively
than noninquiry instruction. In addition to gaining better rea-
soning ability, students in the inquiry condition responded
with better confidence in their ability to reason and more
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Figure 4. Attitudes analyses showed that (a) the amount of group
functioning occurring is a significant predictor of the amount of help-
ing behaviors that occurred within groups (> = 0.18, n = 144, p <
0.001) and (b) the amount of helping behaviors is a significant pre-
dictor of the overall achievement in the course (12 = 0.04, n = 142, p=
0.02). Group functioning and helping behavior scores were obtained
through a survey at the end of the course. Achievement scores were
obtained on a common comprehensive final exam.

positive attitudes toward the collaborative experience. This
result is also consistent with previous studies that have found
that inquiry instruction improves overall attitudes and mo-
tivation toward learning (e.g., Gibson and Chase, 2002; Berg
et al., 2003). Because instructional conditions were taught by
two different teachers, it is possible that there was an instruc-
tor effect. Although this variable is difficult to control, steps
were taken to eliminate its effects as much as possible. These
steps included using the same instructional materials (i.e.,
textbooks, lab manuals, lab supplies; see Supplemental Ma-
terial 1 for sample lesson plans), teaching the curriculum in
the same order and to the same depth, maintaining a sim-
ilar teaching environment (i.e., classroom, group organiza-
tion, seating arrangements), and maintaining active and open
communication between instructors. However, an instructor
effect cannot be entirely ruled out and should be taken into
consideration when interpreting results.

CBE—Life Sciences Education



Group composition (i.e., homogeneous vs. heterogeneous)
appears to have a conditional effect on achievement on high-
level items, depending on one’s initial reasoning ability. Low
reasoners tend to perform better when placed in homoge-
neous groups, whereas medium and high reasoners per-
formed equally in both group compositions. On low-level
items, an effect is only seen in the didactic condition, where
heterogeneous groups outperformed homogeneous groups.
Perhaps this is due to helping behaviors that occurred within
the group since a correlation was seen between helping be-
haviors and average achievement. This finding is consistent
with previous research (Webb et al., 2002). Perhaps in an in-
structional situation where very little student-directed learn-
ing is taking place, having a high-reasoning student in the
group to provide answers for memorization and recall may
prove to be the most effective learning strategy. However,
within inquiry, where more student-directed learning is tak-
ing place and less memorization is expected, the effect was
not seen.

The effect of group composition on reasoning gains and
reasoning transfer scores (and high-level achievement to a
lesser extent) was dependent on both the student’s initial
reasoning level and instructional method. Consistent with
equilibration theory, within inquiry instruction, low reason-
ers made significantly greater reasoning gains and had sig-
nificantly higher reasoning transfer scores when placed in
homogeneous groups. Thus, it appears that students with
low reasoning ability are benefiting more when given the op-
portunity for self-regulation to occur without the guidance
or direction of a more capable peer. In fact, within the in-
quiry sections, the two highest reasoning gains were seen
in two low reasoners placed within a single homogeneous
group. In contrast, low-reasoning students within the didac-
tic sections did not experience such benefits, and in fact had
the lowest scores in the study when placed in homogeneous
groups. Possibly within didactic instruction, where processes
that encourage cognitive development are not specifically en-
couraged, low reasoners do better in heterogeneous groups
because they benefit from the helping behaviors and elab-
orative practices that are occurring or perhaps, more likely,
because they receive the right answers from more capable
peers. Medium- and high-reasoning students had equal rea-
soning gains and reasoning transfer scores in either group
composition. Although we did not see a statistically signif-
icant difference in high-level achievement for low reason-
ers, the trend was the same. Low reasoners tended to do
better in homogeneous groups. Because high-level achieve-
ment required domain-specific knowledge in addition to rea-
soning skills, it was a unique measure of reasoning abil-
ity not assessed by the reasoning test or reasoning transfer
items.

The differing success of low reasoners seen in this study
may offer an explanation for the differences in the previous
literature regarding the relative success of homogeneous or
heterogeneous groups. The benefit of each group composition
seems dependent on the instructional approach used. When
active, inquiry-based, constructivist teaching takes place, ho-
mogeneous groups are most beneficial, especially for stu-
dents with low reasoning ability. Whereas if more traditional,
didactic teaching occurs, where modes of assessment are fo-
cused more on memorization rather than understanding, het-
erogeneous groups appear to do better, although their knowl-
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edge appears to be based on memorization (as evidenced by
their higher scores on low-level questions but lower scores on
high-level questions), not on conceptual understanding (see
Supplemental Material 2 for sample exam questions).

INSTRUCTIONAL IMPLICATIONS

With the decline in the number of students majoring in STEM
disciplines and specifically in biology, teachers need to strive
to make learning a positive and fruitful experience. Collab-
orative learning has been shown to be a beneficial strategy
to increase student achievement. However, the best composi-
tion of collaborative groups has not been firmly established.
This study finds that one of the possible keys to success in
collaborative learning is to use an inquiry approach coupled
with homogeneous group composition. This appears to be es-
pecially important for students with initially low reasoning
abilities.

To apply these findings in the classroom, instructors should
assess student reasoning ability prior to instruction. By do-
ing so, instructors will be aware of the capabilities of their
students and can tailor their instruction accordingly. In addi-
tion, initial assessment will allow instructors to form collab-
orative groups so that low-reasoning students are grouped
together and are allowed to experience cognitive conflict and
self-regulation without being interrupted and impeded by a
higher-reasoning peer.

Applying the learning cycle to biology can be rather chal-
lenging, and many instructors are resistant to change. How-
ever, several resources are available to help instructors get
started (e.g., Lawson, 1994, 2002; Bransford et al., 2000; NRC,
2000). This and many other studies have found inquiry in-
struction to be superior to traditional lecture-style teaching
in the development of scientific reasoning ability and, more
specifically, in its application to higher-level biological con-
ceptual understanding. Inquiry instruction also appears to
foster greater confidence in student ability and more positive
attitudes toward collaboration as a whole.

Collaboration is a foundational skill for success in the
STEM disciplines as much of science is done in a collabo-
rative atmosphere. Science should be taught in the manner
in which science is practiced. Using collaborative groups not
only helps students to better understand the nature of sci-
entific endeavors, but also provides opportunities for cog-
nitive conflict and self-regulation (Damon, 1984; Doise and
Mugny, 1984). However, as this study found, collaborative
learning groups are most effectively utilized in conjunction
with inquiry-style instruction. To reap the benefits of collab-
orating with other students, students need to be given the
opportunity to puzzle over explored phenomena, encour-
aged to devise possible explanations, and allowed to con-
sider ways of testing them. During these activities, students
experience cognitive conflict and engage in self-regulatory
behaviors. Further, self-regulation should be allowed to take
place, uninterrupted by a peer of higher ability. Through these
activities, students are actively participating in the learning
process and are gaining self-confidence in their own abilities.
By keeping students actively involved, they are more likely
to retain what they learn, progress in their ability to reason,
and enjoy the process. Students may even be more likely to
continue as STEM majors.
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