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Many chemistry educators have adopted the process-oriented guided-
inquiry learning (POGIL) pedagogy. However, it is not clear which
aspects of POGIL are the most important in terms of actual learning.
We compared 354 first-year undergraduate psychology students’
learning in physiological psychology using four teaching methods:
control, POGIL, POGIL without reporting [no report out (NRO)], and
POGIL run by untrained graduate students [new facilitator (NF)].
Student activities were identical across POGIL variations and highly
similar for control. Participants’ knowledge was evaluated before
(pretest), immediately after (posttest), and 2 wk later (followup).
Control and POGIL groups showed no improvement at posttest,
whereas NRO and NF groups both recalled more material than at
pretest (P = 0.002 and P < 0.0005, respectively). In a surprise test 2
wk later, control (P < 0.0005), NRO (P = 0.03), and NF (P <
0.0005) groups recalled less than at posttest. The POGIL group
showed the smallest drop in knowledge (P = 0.05). Importantly, the
control group’s knowledge was below pretest levels (P < 0.0005),
whereas the POGIL, NRO, and NF groups’ knowledge was not.
Self-assessment of knowledge was consistent across groups at pretest,
but POGIL participants had the lowest confidence at posttest and 2 wk
later. At followup, the control, NRO, and NF groups showed greater
confidence in their knowledge than the POGIL group (P = 0.03, P =
0.002, and P = 0.004, respectively). POGIL and its variations appear
to consolidate existing knowledge against memory decay even when
student confidence does not match performance.

process-oriented guided-inquiry learning; guided inquiry learning;
long-term retention

WHEN THE NATIONAL SCIENCE FOUNDATION proposed a shift from
faculty-centered to student-centered teaching in 1994-1995
(18), many chemistry educators in the United States took up
the challenge to develop new methodologies to replace the
age-old method of teaching by telling (5, 8). Many educators
have embraced process-oriented guided-inquiry learning
(POGIL), and its effectiveness has been evaluated extensively
against traditional teaching methods (5, 9, 10, 12, 17, 21). The
majority of these studies have shown improved learning out-
comes for students as a result of POGIL (5). The POGIL
methodology can be implemented by replacing some or all
lectures and/or recitation sessions with POGIL workshops (9,
17). Although most evaluations of POGIL have been in the
discipline of chemistry, there have been a small number of
studies in other disciplines, such as high school biology and
tertiary undergraduate biology, physics, mathematics, com-
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puter science, engineering, environmental science, marketing,
education, and anatomy and physiology (2, 5, 8).

Knowing which components of the methodology contribute
most to student learning is crucial because POGIL involves
considerable effort on the part of both the facilitator and the
student (2, 12). Facilitators must expend time and effort de-
veloping activities that mirror the learning cycle: exploration,
concept formation, and application. This involves changing the
way we present information, developing models for student
inquiry and writing questions that build on students’ prior
knowledge and then lead students to make inferences in the
construction of their own mental representations of principles
and concepts (2, 10, 11). For students, the change from passive
to active learning is usually enjoyable, but it requires greater
effort by students in the classroom and the change from a
didactic approach they are used to is not always welcomed by
students, particularly if the benefits of the new approach are
unclear (2, 5).

One of the key differences from traditional didactic teaching
is the use of student teams in learning. Students often have
limited (if any) experience in learning teams. Without assigned
roles or specific direction within teams, students who realize
they can do the task easily are likely to do it quickly, whereas
those who cannot do the task will struggle on their own (10).
Simply placing students in groups with the instruction to work
together on a problem does not produce the benefits of team
learning instrumental to cooperative learning (10). Such ben-
efits can be achieved by the facilitator diversifying teams by
assigning students to teams of three or four students rather than
letting students self-select teams (9, 12) and by adopting
POGIL-specific team roles to ensure positive interdependence
(for the team to succeed, each person must succeed) of the
team (10). Each of these roles needs to be critical to the team’s
success, and it is important to provide students with clear
definitions of those roles (10).

The instructor’s role as facilitator also differs from the
traditional instructor role of providing information and answers
to students’ questions with definitive statements about content
(7, 17). In POGIL, the facilitator’s role is to support the
students’ construction of knowledge rather than providing the
answers (9). If the facilitator regularly provides answers, stu-
dents learn to wait passively for information instead of con-
structing concepts and principles themselves (10). Discoveries
that students make themselves are better retained and lead to
improved conceptual understanding because students think
critically about the material and construct an understanding
that addresses gaps specific to their mental representations
(10). In POGIL sessions, the facilitator moves among students
listening and watching them work (9). This provides the
facilitator with a good sense of how students are performing
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(10) and allows the facilitator to judge whether an intervention
in the form of a short, just-in-time lecture to clarify concepts is
necessary (5).

As with any teaching technique, facilitators improve with
experience. Faculty members who adopt an alternative peda-
gogy such as POGIL will most likely have reviewed the
literature or attended a workshop before making this change. It
is often attendance at such workshops that lead faculty mem-
bers to consider making this change (5). But, when POGIL is
used to replace recitation sessions, the facilitator may be a
graduate student with little or no training in teaching and
learning, no time to review the literature, and limited experi-
ence managing classes and learning teams. Evaluations of
POGIL to date have not included implementation by graduate
students meeting these criteria. In the published evaluations,
POGIL sessions facilitated by graduate students involved those
who were trained in the methodology. This training was
(appropriately) quite extensive. For example, in the Lewis and
Lewis study (14), peer leaders (other undergraduate students)
were given training for 2 h/wk with experienced lecturers; the
training involved working through the POGIL activities for the
next session, which led to better performance by these students
than those taught in traditional lectures. Hanson (9), in keeping
with his argument that assistants need to be trained both in
POGIL and learning theory and pedagogical approaches, en-
sured that graduate students at Stony Brook University re-
ceived extensive training in pedagogy. Chemistry graduate
students did three 3-h sessions the week before the semester
started and attended weekly 2-h meetings during the semester.
These sessions covered the subject material, administrative
teaching matters, and pedagogy (9), a model of graduate
student training that many universities would do well to emu-
late. Unfortunately, funding issues limit the resources for
training, and many graduate student facilitators of recitation
sessions have no training in pedagogical issues unless they
seek out this training themselves (11). It is not known whether
methodologies such as POGIL are undermined by a lack of
training of teaching assistants (13) and to what extent that lack
of training affects student learning outcomes, particularly for
facilitation, as opposed to traditional teaching.

Finally, another core component of a POGIL session is that
the teams’ presenters are asked to “report out” their teams’
answers on a whiteboard or a blackboard (9, 17). This can be
done efficiently with presenters from each group simultane-
ously writing answers to different questions on the board (9).
In keeping with the concept of students constructing their own
knowledge, the facilitator then asks the class for agreement or
disagreement on each answer (9). Reporting out could be
considered a critical component of POGIL because it is
through the resolution of differences between groups’ answers
that students engage in deeper learning and question their
understanding of the material while explaining and arguing
their case to their peers (1, 10). Although students will have
engaged in some form of explanation and discussion within
their learning teams, doing this across groups in the report out
activity requires teams to justify their inferences and con-
structed knowledge at a higher level, thereby clarifying con-
cepts (9). Higher-order learning encourages students to engage
with the material at a deeper, more integrated level, leading to
better long-term retention (1).

POGIL IMPROVES LONG-TERM RETENTION

While important factors in POGIL implementation have
surfaced in the literature, the importance of other factors in
producing improved learning outcomes for students remains
unclear. Is it the learning team’s interaction (cooperative learn-
ing), the nature of the activity (active learning), or the students’
development of mental representations (constructivism) that
improves learning outcomes? Or, is it other indirect factors that
play an important role, for example, does POGIL encourage
students to study more regularly or does it facilitate extracur-
ricular study time with peers (14)? The difficulty of separating
out which factors contribute to the long-term retention of
information is common in educational studies that adopt a
cross-sectional design from necessity (2), making direct com-
parisons within a single cohort less common.

The Present Study

Brown (2) has identified that learning anatomy and physi-
ology is well suited to the POGIL methodology, but compar-
isons in his study were made across different year cohorts, and
the class sizes were small (with the largest at n = 31 students).
Undergraduate physiology is often taught in large classes (e.g.,
n = 150 students at our university) with recitation sessions
conducted by graduate students untrained in pedagogy or
learning theory. Furthermore, recitation sessions in physiology
often include active learning tasks because the subject matter
lends itself well to such activities (4, 16). For example, stu-
dents can learn about differences in vision, hearing, touch, and
other senses through activities they perform on themselves and
one another. Is POGIL more effective than current active
learning tasks? Because moving to POGIL involves consider-
able change both for faculty members and students, further
evidence is needed to conclude this methodology produces
better long-term retention of information than the current
active learning tasks.

We compared performance in an active learning recitation
session on physiology of the brain with three variations of
POGIL in a quasiexperimental design. In week 5 of a first-year,
first-semester psychology course, recitation sessions were ran-
domly allocated as follows: traditional teaching with active
learning tasks (control group); POGIL sessions with an expe-
rienced facilitator using the report out component (POGIL
group); POGIL sessions without the report out component,
using the same facilitator [no report out (NRO) group]; or
POGIL sessions run by a graduate student given a brief
explanation of POGIL (20 min) but with no experience in
POGIL either as a student or as a facilitator [new facilitator
(NF) group]. Session allocation to condition was done to
ensure each condition had a recitation session run in the
morning, afternoon, and evening. The remaining sessions were
allocated to conditions to ensure the number of participants in
each condition was as equal as possible.

We hypothesised that the POGIL group would show better
long-term retention of the material than the control group due
to deeper learning and student construction of their own knowl-
edge. As previously stated, the literature suggests that the
report out component of POGIL is important to the learning
outcomes. We would expect the POGIL group to outperform
the NRO group due to the lack of cross-group discussion and
justification of their new knowledge. However, this suggestion
has never been tested, and it is possible that other intrinsic
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components of POGIL provide the learning benefit, in which
case we would expect little difference between the POGIL and
NRO groups. As with any teaching method, practice improves
delivery and performance. T. Vanags has some experience
facilitating POGIL activities in her own classes, has reviewed
the POGIL literature, and has visited and watched POGIL
classes at Seattle University, Franklin and Marshall College,
Moravian College, and Virginia Commonwealth University. If
experience with POGIL is an important factor in the learning
outcomes of students, we expect that participants in the POGIL
group would outperform those in the NF group due to the
inexperience of graduate student facilitators. If POGIL relies to
the greatest extent on the efforts of students (rather than the
role of the facilitator), we would expect the NF group to
perform on par with the POGIL group.

Finally, evaluations of student learning should include a self-
assessment component as this allows students to reflect on their
learning (10). Reflecting on the answers they have given and
whether they are correct allows students to engage in metacogni-
tion, which contributes to recognizing when they understand a
concept and when they do not (9). POGIL encourages this
self-reflection and assessment, but it is also useful to obtain
individual confidence ratings from students in their knowledge
both before and after POGIL activities. POGIL facilitators have
reported that students feel uncomfortable with the methodology
early on (V. Minderhout, personal communication), and it would
be helpful to know if their judgements of learning match their
learning performance. We hypothesized that participants in the
POGIL, NRO, and NF groups would show lower confidence
levels in their knowledge after the session activities due to their
unfamiliarity with this teaching method.

METHODS
Farticipants

Participants were 354 undergraduate students enrolled in a first-year
introductory psychology unit at an Australian University. Although sexes
and ages for the different conditions were not collected, the demographics
of the psychology unit overall were 68% women and 32% men with ages
ranging from 17 to 54 yr (mean: 20.2 yr, SD: 3.47 yr). Participants did not
receive any incentive for participating in this study. The study was run in
week 5 of the semester across the 22 scheduled recitation sessions for that
week. Of the original 354 participants, 348 participants completed a
posttest quiz at the end of the recitation session and 316 participants
completed the (surprise) followup test 2 wk later (see Table 1). This study
was approved by the university’s Human Ethics Committee.

Table 1. Numbers of students in each condition at pretest,
posttest, and followup

Control POGIL NRO
Time Group Group Group NF Group Total
Pretest 94 83 87 90 354
Posttest 93 81 85 89 348
Followup 85 75 79 77 316

Students were assigned to one of the following groups: traditional teaching
with active learning tasks (control group); process-oriented guided-inquiry
learning (POGIL) sessions with an experienced facilitator using the report out
component (POGIL group); POGIL sessions without the report out component,
using the same facilitator [no report out (NRO) group]; or POGIL sessions run
by a graduate student given a brief explanation of POGIL (20 min) but with no
experience in POGIL either as a student or as a facilitator [new facilitator (NF)
group].

MATERIALS

Pretest, posttest, and followup quizzes. Quizzes consisted of five
free recall questions, such as “Which lobe is responsible for vision?”
(answer: the occipital lobe) and “After a brain injury a person is
unable to plan. Which lobe is likely to be damaged?” (answer: the
frontal lobe). There was a pool of 15 questions for the quizzes with 3
variations of each question. The three variations were constructed to
have similar difficulty. For example, question I was one of the
following: “Which lobe is responsible for vision?” (answer: the occipital
lobe), “Which lobe is responsible for hearing?”” (answer: the temporal
lobe), and “Which lobe is responsible for memory?” (answer: the
frontal lobe). The final part of the pretest quiz was a scale for
participants to rate how confident they were that they had answered
the questions correctly. The response scale was as follows:
1 = not at all confident, 2 = slightly confident, 3 = neutral, 4 =
moderately confident, and 5 = very confident. The pretest, posttest,
and followup quizzes were the same, but there were five versions of
these quizzes. All five versions were used in all sessions, and the
version that a participant received was random.

POGIL/NRO/NF activity sheets. The activity sheets for the POGIL,
NRO, and NF conditions consisted of diagrams and questions in the
form of four activities on the occipital lobes, parietal lobes, temporal
lobes, and frontal lobes. The diagrams were images adapted from
pages 95, 97, and 113 of Pinel and Edwards (19). Each diagram was
labeled with a moderate amount of information on the function of
each brain structure (see APPENDIX A for the frontal lobe activity).
There were between three and seven questions associated with each
activity. Questions were constructed so that initial questions were
directed, and later questions encouraged a deeper understanding of the
material (20). Questions could be answered from the diagrams and
accompanying information. In keeping with the learning cycle ad-
opted in POGIL activities (exploration, concept formation/term intro-
duction, and application), the name of the brain structure being
explored was not given at the top of the page. Participants identified
the brain structure in one of the activity questions.

Control activity sheets and resources. The activity sheets for the
control condition were similar to the POGIL activity sheets but did not
include diagrams. In place of the diagrams and associated informa-
tion, a variety of textbooks, reference books, and three-dimensional
brain models were provided. Finally, unlike the POGIL activities,
each control activity was labeled with the name of the brain structure,
for example, Activity 4: Frontal Lobe (see APPENDIX B for the control
group frontal lobe activity).

Manager instructions and team role descriptions. Participants in all
conditions except the control condition were given a one-page hand-
out with a description of the team roles of manager, presenter,
recorder, and reflector/strategist based on the descriptions in Hale and
Mullen (8). The manager was assigned by the facilitator, and the
manager allocated the role of recorder to the person on their left, the
role of presenter to the person on their right, and the role of reflector/
strategist to the remaining person (for those in groups of 4). The
manager’s instruction sheet was based on the materials provided in a
POGIL workshop run by Prof. Minderhout (“I Already Teach Well,
Why Should I Change? Active Learning in Large Lectures” Seminar
at Australian National University on July 12, 2010). There were two
rules added to this information. The first rule stated that if group
members had questions, they should discuss the questions as a group
first, and if they could not resolve the questions, the manager should
put the questions to the facilitator. The second rule was that as a group
they should come up with one set of answers for the activity (rather
than individual answers being recorded on individual sheets).

Experimental Design

The experiment was a four (control, POGIL, NRO, NF) by three
(pretest, posttest, followup) mixed factorial design with one between-
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subjects factor (teaching method) and one within-subjects factor (time
of recall).

Procedures

Facilitators. The POGIL facilitator for this experiment was T.
Vanags. As T. Vanags works at a different university, she was
unknown to the students. She was introduced as a researcher in the
area of teaching and learning and had attended the first lecture of the
semester advising students that some evaluations of teaching meth-
odologies would take place during the semester. T. Vanags was
experienced with POGIL, having used POGIL learning teams and
activities in her own classes and having reviewed a proportion of the
literature before undertaking a study tour of several universities using
POGIL in the United States.

T. Vanags ran the POGIL and NRO sessions with the regular tutor
in attendance but uninvolved. Control sessions were run by the regular
tutors for those sessions. These were all graduate students enrolled in
either an Honours or a PhD program. NF sessions were run by the
sessions’ regular tutors. These new facilitators had no experience of
POGIL either as a student or as a facilitator but had been given a
20-min briefing and given the Farrell et al. (6) article to read before
taking the session (see Table 2 for a breakdown of conditions and
facilitators). The study was run in 22 recitation sessions across a
single week, and T. Vanags was present in all sessions to minimize
differences across groups that may be attributed to the presence of an
unknown authority figure.

At the start of the study, participants completed the pretest quiz.
Participants expected this quiz as it was an assessable component
(5%) of their course. It was consistent in terms of content and layout
to five other recitation assessable quizzes during the semester. The
reading for this quiz was pages 99-113 of the textbook Psychology
(3). Participants had 10 min to answer the questions on the quiz sheet
before handing it in.

Control groups. The tutor assigned participants to teams of four
where possible, with one or two groups of three participants in
some sessions. No roles were given to group members and no rules
were set for groups. Participants were then given the handouts and
asked to use the various reference books, textbooks, and three-
dimensional brain models to work as a group in answering the
questions. When the tutor saw that participants had answered all
the questions, s/he asked each group to verbally provide the answer
to one or more questions for the whole class and provided correc-
tions where appropriate. Participants worked on activities I and 2
together and then on activities 3 and 4. In all conditions, the two
sets of activities took ~30 min each. Once all four activities were
complete (~30 min before the session ended), participants were
asked to put away their activity sheets and were given the posttest
quiz. Participants had 5 min to complete the posttest quiz. Quizzes
were collected, and this marked the end of the experiment.

Experimental groups (POGIL/NRO/NF). As with the control
groups, the facilitators assigned participants to teams of four where
possible and teams of three otherwise. The facilitator then gave
students a brief overview of the POGIL methodology (based on the
team role description sheet). Once groups were formed and partici-
pants had read the team role descriptions and manager’s instructions,

POGIL IMPROVES LONG-TERM RETENTION

participants were given the POGIL activity handout. Participants were
asked to work as a team and adopt their roles within the team as they
completed the activities.

POGIL AND NF CONDITIONS. As participants completed the ques-
tions in the first two activities, the facilitator asked the groups’
presenters to come to the front of the classroom and write their
answers to one question on the whiteboard. When all questions had
been answered on the whiteboard, the facilitator reviewed the answers
and asked everyone for comments or amendments. As with the control
condition, once all four activities were completed, participants were
asked to put their activity sheets away and they had 5 min to complete
the posttest quiz.

NRO CONDITION. This condition was identical to the POGIL and
NF conditions described above; however, students were not asked to
write their answers on the whiteboard. Instead, the facilitator asked
each question aloud and waited for teams to volunteer the answer. If
teams answered and the answer was incorrect or incomplete, the faci-
litator provided the correction and/or additional information. If the
teams did not answer, the facilitator provided the answer. As with the
other conditions, after completing all four activities, participants put
away their activity sheets away and completed the posttest quiz.

Followup. In the recitation sessions 2 wk after the experiment, all
participants were given 5 min to complete the followup quiz. Partic-
ipants did not know that they would be given this quiz and their results
would not be included in their final grade.

RESULTS
Pretest Knowledge

To ensure the knowledge of the participants in the four
conditions was comparable before participation in the study,
one-way ANOVA was done on students’ pretest knowledge.
The pretest quiz was an assessable quiz participants were
expecting as part of the course. Unexpectedly, control group
participants had higher pretest scores than participants in the
other three groups [F;3s0) = 5.956, P = 0.001; see Fig. 1].
Post hoc tests showed that the control group outperformed the
POGIL group [f75, = 2.805, P = 0.006], the NRO group
[#(179y = 3.092, P = 0.002], and the NF group [f5,, = 4.264,
P < 0.0005]. There were no significant differences between the
POGIL, NRO, or NF groups.

Examination of Differences in Pretest Knowledge

As we did not expect a difference in pretest knowledge across
groups, we carried out further analyses in an attempt to identify
the factor(s) involved. Claims are often made that the time of day
affects student engagement and performance, but one-way
ANOVA revealed no differences in performance across morning,
afternoon, or evening recitation sessions (P = 0.14).

We then conducted one-way ANOVA with recitation ses-
sion number as the independent variable (students choose a
recitation session before the semester starts and remain in that
session for the semester). There was a strong effect for recita-
tion session number [F (5} 33, = 2.600, P < 0.0005; see Fig. 2].

Table 2. Facilitators and those present in the recitation sessions for each condition

Control Group POGIL Group NRO Group NF Group
Facilitated by Regular tutor T. Vanags T. Vanags Regular tutor
POGIL expertise None Moderate Moderate 20-min briefing

Present in class Regular tutor and T. Vanags

Regular tutor and T. Vanags

Regular tutor and T. Vanags Regular tutor and T. Vanags
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Mean Pretest Score /5

Control

POGIL No Report Out
Condition
Error bars: 95% CI

New Facilitator

Fig. 1. Mean scores for the following conditions: traditional teaching with
active learning tasks (control group; n = 94); process-oriented guided-inquiry
learning (POGIL) sessions with an experienced facilitator using the report out
component (POGIL group; n = 83); POGIL sessions without the report out
component, using the same facilitator [no report out (NRO) group; n = 87];
and POGIL sessions run by a graduate student given a brief explanation of
POGIL (20 min) but with no experience in POGIL either as a student or as a
facilitator [new facilitator (NF) group; n = 90]. Control group participants had
higher pretest scores than participants in the other three groups, and there were
no significant differences across the POGIL, NRO, or NF groups. Error bars =
95% confidence intervals.

The large number of sessions (n = 22) ruled out the possibility
of conducting post hoc tests due to the chance of a type I error.
We suggest that the pretest differences across recitation ses-
sions are the result of differing abilities and motivations of
students within different sessions. For example, session I is the
first class of the week at 9 AM on Monday mornings. It may be
that students selecting this class are high achieving students
who are keen to learn. The pretest results allowed us to use

34

Mean Pretest Score /5

0-
1234567 8 9101112 1314 15 1617 1819 2021 22
Laboratory Session

Error bars: 95% CI

Fig. 2. Mean scores on the pretest quiz for all 22 recitation sessions. Partici-
pant numbers in each session were as follows: n = 20 (sessions 6, 13, and 16),
n = 19 (sessions 1, 7-9, 17, and 21), n = 18 (sessions 11 and 12), n = 17
(session 4), n = 16 (sessions 2, 3, and 14), n = 15 (session 19), n = 14 (session
5), n = 13 (session 18), n = 12 (sessions 15 and 20), n = 9 (session 22), and
n = 4 (session 10). Error bars = 95% confidence intervals.
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recitation number as a covariate in the remaining analyses,
thereby accounting for preexisting differences across class
groups.

Retention of Knowledge Over Time for Different Teaching
Methods

A four (control, POGIL, NRO, NF) by three (pretest, post-
test, followup) split plot analysis of covariance (ANCOVA;
covariate: recitation number) showed a main effect for time
[Wilks” A = 0.980, F; 305, = 3.080, P = 0.05, multivariate
partial m* = 0.020] and a main effect for teaching method
[F3300) = 3.478, P = 0.02, multivariate partial 1> = 0.033],
but no time by teaching method or time by recitation number
interactions (P = 0.07 and P = 0.99, respectively; see Fig. 3).

Effect of teaching method (between subjects). Immediately
after the teaching activities (posttest), the POGIL group per-
formed more poorly than the control group [#(;,, = 2.237, P =
0.03]; however, there were no differences in performance
between the POGIL and NRO groups (P = 0.22) or between
the POGIL and NF groups (P = 0.09) at this time. There were
no differences in performance between the control and NRO
(P = 0.31) or NF (P = 0.53) groups at posttest. At followup 2
wk later, the POGIL group performed on par with the control
group (P = 0.35) and the NRO (P = 0.87) and NF (P = 0.61)
groups.

Effect of time (within subjects). CONTROL GROUP. The control
group did not improve as a result of the active learning
(non-POGIL) activities in the recitation session (P = 0.84).
Furthermore, they failed to retain the knowledge they brought
to this session over the next 2 wk, performing more poorly at
followup than they did on the posttest [fg,) = 4.278, P <
0.0005]. Importantly, their knowledge at followup was signif-
icantly less than their pretest knowledge when they had studied
for the assessable quiz [#g4, = 3.830, P < 0.0005; see Table 3].

POGIL GROUP. Participants in the POGIL group did not show
any improvement immediately after the POGIL activities (P =

Condition
— Control
—=POGIL
---- No Report Out
- - - New Facilitator

o
o
1

»
[$,]
1

>
o
L

w
[$,]
1

I
o
1

N
(9]
1

N
o
1

Estimated Marginal Means of Test Scores

T T
Posttest Follow-up

Time

T
Pretest

Covariates appearing in the model are evaluated at the following values: Laboratory Number = 10.90

Fig. 3. Mean scores for the control, POGIL, NRO, and NF groups on the
pretest, posttest, and followup quizzes. Participants in the control group had
higher pretest scores than participants in the other three groups, and the POGIL
group performed more poorly than the control group at posttest. At followup,
there were no differences across groups; however, the control group knew
significantly less than at pretest. The POGIL, NRO, and NF groups performed
on par with their pretest scores.
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Table 3. Mean number of questions correct (out of 5
questions total) for each condition at pretest, posttest,
and followup

Time Control Group POGIL Group NRO Group NF Group
Pretest 4.3(1.1) 3.8(1.3) 3.7(1.3) 3.6(1.2)
Posttest 4.2(0.9) 3.8 (1.1) 4.0 (1.0) 4.1(0.9)
Followup 3.7(1.1) 35(1.2) 3.7(1.2) 3.6(1.2)

Values are means (SD).

0.54), and the drop in their knowledge over the next 2 wk
almost reached significance (P = 0.05). However, a compari-
son of their pretest and followup results showed that, unlike the
control group, they retained the information they had learned in
preparation for the assessable quiz. There were no differences
in their pretest and followup performance (P = 0.16).

NRO GROUP. Participants in the NRO group improved as a
result of the POGIL activities [tgay = 3.150, P = 0.002], but
these participants forgot some of that material over the next 2
wk [#77) = 2.162, P = 0.03]. A comparison of their pretest and
followup performance showed that the NRO group retained the
knowledge they brought to the assessable quiz (P = 0.94) but
not the knowledge they had gained in the POGIL session.

NF GROUP. Similarly to the NRO group, participants in the NF
group showed an improvement immediately after the POGIL
activities [fgg, = 5.129, P < 0.0005] but forgot some of that
material between posttest and followup [7;5, = 3.675, P <
0.0005]. As with the other POGIL groups, their performance at
followup was no different than their performance at pretest
(P = 0.94), indicating that pretest levels were retained over a
2-wk period.

Confidence

Using one-way ANOVA, we evaluated the confidence of
participants in their pretest, posttest, and followup knowledge.
There were no differences in confidence levels across groups at
pretest (P = 0.15), but the differences at posttest [F(3 335 =
4.246, P = 0.006] and followup [F 3 335, = 5.535, P = 0.001]
were significant. Immediately after the class activities, POGIL
participants had significantly lower levels of confidence in their
knowledge than those in the control (P = 0.04) and NRO (P =
0.006) conditions. Although the POGIL group had lower levels
of confidence than the NF group, this result only approached
significance (P = 0.06). Two weeks later, the POGIL group
remained less confident than the control (P = 0.03), NRO
(P = 0.002), and NF (P = 0.004) groups.

DISCUSSION

In this study, we compared the learning outcomes from
POGIL sessions with current active learning methods (taking
apart plastic models of the brain). We investigated whether
POGIL leads to better long-term retention of information than
traditional active learning tasks. The first hypothesis that par-
ticipants in POGIL sessions would show better long-term
retention of material than those in control groups was sup-
ported as none of the POGIL groups showed the same memory
decay of knowledge as the control group over the subsequent
2 wk. At followup, the control group performed more poorly
than they did on the pretest quiz. The pretest quiz was an

assessable quiz they expected and for which they had studied
[the material covered in the reading assignment (for the pretest
quiz) was the textbook content on the topic covered in the
previous lecture and in the recitation sessions of this research].
In contrast, the POGIL groups did not show any decrement in
performance between pretest and followup, indicating that they
had retained the material they had studied.

We also investigated whether the report out component of
POGIL was critical to student learning. The second hypothesis
that the POGIL group would outperform the NRO group due to
a lack of cross-group discussion in the NRO condition was not
supported. In fact, although there were no differences in
POGIL and NRO group performances at posttest, the NRO
group did show an improvement in knowledge immediately
after the POGIL activities, which the POGIL group did not.
Feedback from a small number of participants in the POGIL
group indicated that they began to question their existing
knowledge after the POGIL activities. This may have been due
to students rote learning the information for the pretest quiz
[many quizzes had acronyms on them, such as FPOT (frontal,
parietal, occipital, temporal) for the 4 lobes]. As the POGIL
activities were only 1 h in total, it is possible that students had
time to begin developing a deeper understanding of the brain
anatomy but insufficient time to master that information, lead-
ing to a loss of the surface learning in which they had
previously engaged. The additional knowledge gained by the
NRO group was not retained over the next 2 wk; however, as
with the POGIL group, the long-term retention of material was
retained over the next 2 wk.

Another component investigated was the importance of
teaching assistant training when implementing POGIL. We
hypothesized that if facilitator experience with POGIL is an
important factor in learning outcomes for students, students in
the NF group would perform more poorly than those in the
POGIL group. This hypothesis was not supported. As with the
NRO group, NF participants actually gained additional knowl-
edge as a result of the POGIL activities but similarly failed to
maintain that additional knowledge over the next 2 wk. Despite
this, as with the POGIL and NRO groups, participants in the
NF condition retained their pretest knowledge over the 2-wk
period between the posttest and followup.

The findings that all POGIL groups retained the material
over a 2-wk period is particularly impressive for two additional
reasons: /) experienced POGIL users report that many POGIL
implementers find student performance can be adversely at the
introduction of POGIL because the methodology is new to
students and they must come to terms with learning in a “new”
manner and the expectations associated with this new style of
interaction (R. S. Moog, personal communication); and 2) the
students in the POGIL and NRO groups had a stranger as a
facilitator, and all students had the “stranger” in their recitation
session, which may have raised students’ levels of anxiety or
affected their level of engagement. Indeed, the weaker posttest
results of the POGIL group may have been due to the fact that
this group had a stranger as a facilitator and they were account-
able for generating their answers due to the report out compo-
nent. The final hypothesis that students in the POGIL groups
would show lower levels of confidence in their knowledge than
those in the control group was partially supported. The POGIL
group had lower levels of confidence than the control group,
but the NRO and NF groups did not. There were no differences
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in the confidence levels of the control, NRO, and NF groups at
posttest or followup. The POGIL group showed lower levels of
confidence than the other groups at both time points.

The findings from this study are interesting for several
reasons. First, although the quasiexperimental design of allo-
cating different experimental interventions to different recita-
tion groups is common in educational research in psychology,
it is less common to evaluate pretest knowledge differences
across these groups. Our results indicate these pretest measures
are vital as homogeneity of recitation groups cannot be as-
sumed. As teachers, we have all experienced variation in class
performance across a cohort, and failing to obtain pretest
evaluations showing such variation can lead to erroneous
conclusions about the success or failure of a teaching trial (15).
It is possible, as occurred in this study, that the majority of the
higher (or lower) performing participants will be clustered
within one experimental condition.

Perhaps the most interesting aspect of this study is that
despite the control group showing the best performance at
pretest, this group failed to retain that knowledge long term.
Although this group had clearly studied hard and effectively
for their assessable quiz, that knowledge was subject to normal
memory decay with time. In contrast, all POGIL groups
(POGIL, NRO, and NF) retained the knowledge they had
acquired for the quiz over the 2-wk period. This suggests that
POGIL activities, regardless of whether they are run by trained
or untrained facilitators and regardless of the report out com-
ponent, produce the deeper learning that results from students
constructing (or reconstructing) knowledge themselves. This is
a different type of learning to the rote learning most students
engage in when preparing for a quiz or exam when they are
learning to pass the exam rather than to understand the material
(1, 21).

With regard to performance immediately after the activities
(posttest), we were surprised that the students in the NRO and
NF groups performed better than the POGIL group. First, the
POGIL and NRO groups were both facilitated by T. Vanags,
suggesting the recitation sessions should have produced similar
learning outcomes except that the NRO group lacked the
opportunity for cross-group discussion and the associated
deeper learning. Second, the NF groups were run by the
teaching assistants inexperienced with POGIL, and we ex-
pected experience with a teaching methodology to improve
learning outcomes. However, both assumptions appear incor-
rect. It might be suggested that omitting the report out function
improves immediate performance, but the lack of difference
between the NRO and NF groups immediately after the activity
does not support this contention (the NF group did report out).
Another assumption could be that the teaching assistants pro-
vided better instruction to students than T. Vanags; however,
T. Vanags’ student satisfaction ratings over her career and her
multiple teaching awards would suggest this is unlikely. It is
possible that as the NF groups’ facilitators were their regular
tutors they may have been more comfortable with those indi-
viduals than with T. Vanags. The regular tutors may have been
considered less of an authority figure. However, there were no
differences in posttest performance of the NRO (T. Vanags)
and NF (regular tutor) groups, suggesting that instruction
ability and familiarity of the facilitators were not factors.
Another consideration could be that the new facilitators were
closer in age and recent undergraduate experience to their

participants and may have better understood which concepts
were difficult to master.

Considering the results of the POGIL, NRO, and NF groups
in conjunction with confidence ratings and our reflections on
the study, it seems to the authors that the role of affirming
knowledge may be important in POGIL implementation. T.
Vanags adhered closely to the recommendations in the POGIL
literature avoiding confirming or disconfirming answers (21).
However, she only adopted this approach in the POGIL group.
In the NRO condition, when she asked presenters to volunteer
answers (as there was no report out), she felt it necessary to
provide answers and explanations when no responses were
forthcoming. In addition, because there was no information
written on the board for students to refer to during discussions,
she gave more direct responses to the POGIL questions from
the worksheets. As she was present in all recitation sessions, T.
Vanags was able to compare this with how other sessions were
run. The observations of T. Vanags are that the new facilitators
(as well as the control group facilitators) were very direct in
their responses to the presenters’ answers. They would confirm
or disconfirm answers given by students, most likely because
this is the way teaching normally occurs in classrooms. In other
words, the POGIL group were the only group left to construct
the correct answers by intra- and cross-group discussion and
argument, and this group did not receive definitive statements
about the accuracy of their answers. While T. Vanags ensured
the information agreed upon by the groups was correct and
complete, but she did not vocalize this to the participants.
Participants may have felt unsure about their knowledge after
discussions and disagreements without a summation by an
authority figure that “this information represents the correct
answer.” This is also likely to have affected the participants’
confidence in their knowledge, resulting in the lower confi-
dence scores we predicted POGIL participants would show.

The attempt in this study to breakdown POGIL and identify
crucial elements is not without limitations. The results suggest that
POGIL and variations of POGIL teaching produce better long-
term retention of information than the existing active learning
tasks; however, the evaluation of POGIL was based on only one
recitation session. POGIL requires participants to take on specific
roles within teams and to take on different roles at different times.
The literature suggests this is an important facet of POGIL, and it
requires POGIL implementation over a longer timeframe. In this
study, there was no rotation of team member roles, and students
are unlikely to have fully embraced their roles because of the
limited time to become familiar with the roles and methodology.
Future research could evaluate participant performance on a
weekly basis. This would help to determine whether rotating the
roles and becoming familiar and confident with POGIL affects
learning outcomes.

Another limitation of this study is that the materials used for the
POGIL activity did not extend students a great deal in their
understanding of the material (see ApPENDIX A). These were the
first POGIL activities developed by these authors, and they are
likely to be unsophisticated. In addition, the actual POGIL imple-
mentation in this study is not necessarily the way others would
implement POGIL. Indeed, the value of POGIL is that it can be
implemented in many ways, and conclusions drawn in this study
should be tested by other POGIL proponents using their own
approaches to see if they can be replicated. The study does
provide confirmation of anecdotal evidence that POGIL initially
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Fig. 4. Diagram adapted from Ref. 19 (p. 113).

decreases students’ confidence levels (V. Minderhout, personal
communication), although it must be remembered that in the
POGIL condition, students did not experience the “closure” that
would normally be used in POGIL and reflects best practice in
helping students link classroom activities and learning outcomes.
Even so, it would also be valuable to collect individual confidence
ratings at different time points to see whether participant confi-
dence increases with exposure to POGIL.

This study demonstrates that POGIL approaches to teaching
can produce improved long-term learning outcomes for stu-
dents even when the teaching is done by less experienced
teaching assistants and when the report out component is
omitted, an important factor for large lecture classes in which
reporting out may be logistically impractical. The results also
suggest that to become confident in their knowledge, students
must not only construct their knowledge through grappling
with the material but must also receive clear indications that
their constructed knowledge is valid. While student-cenetred
learning is key to engaging students in their studies and
allowing them to take responsibility for their learning, con-
structing their own knowledge and assurance from facilitators
that these mental representations are accurate are fundamental
to long-term recall and confidence in that knowledge.
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APPENDIX A: POGIL/NRO/NF ACTIVITY (FRONTAL LOBE)

Activity 4

Examine the diagram of the brain (shown in Fig. 4).

1. Mark the front and back of the brain and the occipital and
parietal lobes on the diagram. What structure separates the shaded
area from the parietal lobe?

2. We saw that the parietal lobe contains the somatosensory cortex,
which processes sensory information from the body. What is the
structure in the darker shading just in front of the parietal lobe and
what is its function?

3. What do we call the area at the base of this darkly shaded area
that is responsible for speech production? Why do you think this is
key to speech production rather than speech comprehension (hint:
think about the word production—how do we make sounds)?

4. What do we call the darkly shaded part at the front the brain?
What are some of the functions of this area?

APPENDIX B: CONTROL ACTIVITY (FRONTAL LOBE)

Activity 4: Frontal Lobe

1. What structure separates the frontal lobe from the parietal lobe?

2. We saw that the parietal lobe contains the somatosensory
cortex, which processes sensory information from the body. What
is the similar structure in the frontal lobe and what does
it do?

3. In the frontal lobe, there is a section called Broca’s area. What
is the role of this structure? What would happen if this structure was
damaged?
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