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Abstract

Midterm exams are a muitise tool, providing evaluation of students for professors but also acting as a learning tool
for students. Midterms may improve learning outcomes by contributing to the testing effect: thagr@ma which
retrieval of learned material (i.e., testing) produces improvements intéomgretention beyond those produced
through additional rehearsal oregposure (i.e., studying or-reading). Additionally, increased frequency of testing
may impact student behaviors and attitudes (e.g., spaced practiceffezl€y), increase the testing effect, or impact
both, which ultimately improves learning outcomes. This study considered the differential impact of one versus two
mi dt er m e x a mexanodifferente scbes (final @xam score minus first midterm exam score). We also
considered whether two midterm exams differentially impalct@eand highachievingstudents. Results suggest that
two midterm exams benefiteshmerbut not junior students.
Keywords: testing effect, frequency effect, midtesxam, student learning outcomes
Introduction on the testing effect was predictably structured
) i (Carpenter, 2012). A learning phase allowed

Midterm and final exams are common forms of  y5ricipants to encode theaterial. This was followed
assessment implemented in undergraduate university | a testing phase or-gtudy (control) phase allowing
courses to determine the H)e/lﬁi&prarﬁseto efher retribvd Briddd thefmatdh@is t e 1y
of course material. However, midterms can act as @  Eipglly, a second test phase was used to determine
multi-use tool, providing evaluation of swts for retention of the material. The positive impact of testing
professors but also acting as a learning tool for the i, ealy work implied that testing should be introduced
students. Usually, courses will have one or more jyio educational settings to improve achievement
midterm exams spaced throughout the semester in (Spitzer, 1939; Wheeler & Roediger, 1992). However,
addition to a final exar_n;these midterm exams may or laboratory conditions do not adequately mirror
may not be cumulative (Myers & Myers, 2007) educational settings, therefore, substantial work has

Although there are anecdotal preferences for the o peen done to ensure that the testing effect holds
number of midterms a course should have, there is  {r,e in classroom settings.

Ir'nr?'tzd treese;arr(;]h (‘;nxthae nl;)ineﬁ(t)snof ?ni \éers%sutv;/oc om A plethora oftclas room Iﬁe%earchfsqg%estﬁ that thea m
test%g Bffect Ts' réblist The tgsting effed 'occlirg

fggéi?&? Er Ségigiév;?ndej\;ﬁgfhde:oaﬂ!égfﬂgaﬁ:ﬁ?term despite differences in test materials (e.g., words, prose,
y 9 pictures, spéal locations), test formats (e.g., multiple

could improve student learning ou_tcomes. Studies choice, short answer, free recall, quiz), and timing
supporting midterm exams as a learning tool cover two (e.g., minutes versus weeks between testing phases)
broad areas of research: testing effects and frequency (Bée.,-’ etal., 2018; Carpenter, 2012; Carpenter & Kelly

effects. 2012; McDaniel et al., 2007; Rowland, 2014).
Testing Effects Additionally, the testing effect has been duplicated
Interest in the telg effect has generated across multiple disciplines (e.g., psychology, biology,

significant research both in labs and classroom chemistry) (Bailey et al., 2017; Pyburn et al., 2014;
settings. The testing effect occurs when retrieval of ~ Schwieren et al., 2017) and different populations (e.g.,
learned material (i.e., testing) produces improvements ~ Primary school, university) (McDaniel el.a2007;

in long-term retention beyond those produced through ~ Roediger & Butler, 2011; Spitzer, 1939). Furthermore,
additional rehearsadr reexposure (i.e., studying or the testing effect is not limited to retention of learned
re-reading) (Brame & Biel, 2015; Carpenter, 2012; material (i.e., rote memory); the testing effect has been
Roediger & Butler, 2011). Early laboratory research ~ shown to improve application of material, improve
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knowledgebased inferencepromote transfer of rules
to novel contexts or knowledge to a different
knowledge domain, and facilitate learning of new
material (Brame & Biel, 2015; Carpenter, 2012).
Finally, the testing effect can be increased when tests
are combined with feedback #Bey et al., 2017,
Brame & Biel, 2015; Foss & Pirozzolo, 2017;
Roediger & Butler, 2011; Schwieren et al., 2017) and
when multiple tests are offered (i.e. three or more)
(Bailey et al., 2017; Foss & Pirozzolo, 2017; Roediger
& Karpicke, 2006; Wheeler & Raliger, 1992).

Two recent metanalyses provide strong
evidence for the testing effect based on laboratory
research (Rowland, 2014) and classroom research
(Schwieren et al., 2017). Rowland (2014) suggested
two theoretical frameworks that may explain the
testing effect: retrieval effort theories and the
bifurcation model. Retrieval effort theories suggest
that the difficulty and effort during the initial testing
phase impact the intensity and depth of processing
leading to a testing effect (Rowland, 2014)h&ther
difficulty increases retrieval routes, supports specific
types of processing (i.e., iteapecific processing), or
allows for elaboration of memory traces remains
unclear. The bifurcation model suggests that tests
produce nomormal distributions omemory strength
over time (Kornell et al., 2011; Rowland, 2014).
Specifically, successfully tested (i.e., retrieved) items
receive a large boost in memory strengthretnieved
items receive no boost, and-studied material
receives a small boost. Thussting does not reduce
the speed of forgetting, but increases memory strength
for successfully tested items and makes them more
likely to remain above a recall threshold during the
final testing phase, thereby bifurcating the distribution.

Despite signiftant research, there has been
limited consideration of whether the testing effect is
equally powerful in various student subpopulations.
Pyburn et al. (2014) argued that learning tools do not
affect all students equally and specific attention should
be foawsed on whether the testing effect as a
phenomenon is equally apparent in disadvantaged
populations. They examined whether a -fost
differentially influenced lowand highskilled English
language comprehenders. They found that a multiple
choice pretest was more beneficial to lowkilled
English comprehenders; additionally, the -pest

closed the achievement gap between these two groups.

There is also a small selection of research suggesting
that a negative testing effect (i.e., when a testing phase
cawses a decline in learning outcomes) is due in part to
the cognitive ability of the participants. Mulligan et al.
(2018) suggested differences in encoding might
explain why there are only a few inconsistent instances
of a negative testing effect. Brieflyhe negative
testing effect is potentially tied to the type of

processing that occurs during the testing phase versus
the requirements of the final test. Itespecific
processing during the testing phase reduces a
parti ci pant 6itemmdeasihgi(andyvicd o r
versa). Itersspecific information helps distinguish one
target from another and improves the odds of retrieval
(e.g., the ground finch Geospiza conirostris can eat
cactusflowers). Interitem relational information is
categorical or groupingformation; that is, common
features of targets (e.g., all ground finches are-seed
eaters). Inteitem relational information is tied to
successful free recall. Therefore, when the testing
phase forces one type of processing but success on the
final test requires the other type of processing a
negative testing effect may result. For example, if the
testing phase includes a multigthoice question
asking a student which finch eats cactus flowers,-inter
item processing leads to the answer Geospiza
conirostis. However, in the rstudy condition a
student may recognize that the given list of finches all
eat seeds and are therefore ground finches. If the final
test is a free recall test in which students are asked to
list ground finches, inteitem processig is more
useful to access the categorical information that all
ground finches are seed eaters than the specific
exception that can also eat cactus flowers. More
importantly, Mulligan et al. (2018) found that
manipulating the type of processing interaciith the
cognitive ability of the student, particularly in the re
study control condition.
limits their ability to recognize and process categorical
information during the rstudy phase (i.e., the fact
that the list of birdgiiven in the restudy condition are

all seed eaters and thus ground finches). Therefore,
high-achieving students in the rstudy condition
could outperforntow-achievingstudents in the testing
condition when the test forces them to encode-item
specific deails and miss inteitem details that are
more useful for a final exam that requires categorical
knowledge. The testing effect research supports the
use of a midterm as a useful learning tool, and limited
research on frequency also suggests two midterms
may be more beneficial than one (Bailey et al., 2017;
Foss & Pirozzolo, 2017; Roediger & Karpicke, 2006;
Wheeler & Roediger, 1992). Additionally, research on
the negative testing effect and disadvantaged student
subpopulations suggests that the number aoftenins
may differentially impact low and high achievers
(Mulligan et al., 2018; Pyburn et al., 2014).

Frequency Effects

It is difficult to separate a phenomenon like the
testing effect from other aspects of testing, such as
frequency because a single test can potentially impact
students across various theoretical frameworks. As
already noted, increas frequency has been shown to
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increase testing effects (Bailey et al., 2017; Foss &
Pirozzolo, 2017; Roediger & Karpicke, 2006; Wheeler
& Roediger, 1992). However, frequency research
makes novel predictions regarding subpopulations and
potential limits on the impact of frequency. The
frequency research suggests different underlying
causes for the impact of increased frequency; for
examplespaced or distributed practice, improved-self
efficacy, reduced procrastination, or studigristructor
relations (Bailey et al., 2017; Myers & Myers, 2007).
Increasing test frequency has been shown to improve
individual test scores as well as final exaoores
(Bailey et al.,, 2017; Myers & Myers, 2007).
Unfortunately, each of these studies used multiple
cumulative exams (20 midterms); therefore, whether
educators will see an increase in performance using a
second noftumulative midterm remains unclear.
There is some suggestion that the expectation of a
cumulative exam is enough in itself to increase student
performance (Lawrence, 2013). Lawrence (2013)
specifically tested differential impacts of cumulative
exams on low and high achievers. While all stuslen
benefited from cumulative exams (versus -on
cumulative exams), she found that the benefits were
greater folow-achievingstudents. Due to the limited
research on student
supports considerinigw- and highachievingstudents
separately in the present study, even though our
second midterm exam is n@umulative.

When considering what level of frequency is
necessary to create improvements, a raetaysis by
BangertDrowns et al. (1991) suggests that extremes
are unnecessary. Frequency varies substantially and
while they concluded that increasing frequency of tests
improved student achievement on final exams, they
also noted that students are only at a serious
disadvantage when they receive no tests at all.
Furthermore, they determined that improvements in
student learning diminish as test frequency increases:
having one midterm exam benefits student learning
more than no exams but having four exams will not
produce a foufold improvement in final exam results.
These findings suggest that a second midterm may be
a sufficient increase in frequency to produce a pasiti
impact on student achievement.

Our project had two objectives: to determine if
changing the frequency of midterm exams from one to
two improves student learning outcomes and to
consider whether testing influencésw- and high
achievingstudents diférently. We hypothesized that
students in courses with two midterm exams would
show greater improvement on their final exam score
relative to their first midterm exam score than students
in courses with a single midterm exam. Additionally,
we predicted tha low-achieving students would
disproportionately benefit from two midterms.

Methods

Courses analyzed in our study were selected from
the courses taught by one of the-aagthors (NH)
between 1990 and 2018, and syllabi were compared
for their assignment bakdown and the number of
midterm exams. The courses included in our study
were selected based on whether the types of
assessments and year of implementation were similar,
except for the number of midterm exams. In total, four
iterations of freshman cefliology and two iterations
each of junior cellular biology and junior biochemistry
| and Il were selected for analysis. Freshman cell
biology courses selected for inclusion in this study
were offered in fall 2000 (1 midterm), 2003 (1
midterm), 2001 (2 migrms), and 2002 (2 midterms).
Selected junior cell biology courses were offered in
fall 1992 (2 midterms) and 1993 (1 midterm), junior
biochemistry | courses were taught in winter 2010 (1
midterm) and fall 2010 (2 midterms), and the junior
biochemistry Il courses were from winter 2013 (1
midterm) and 2011 (2 midterms).

The one and twemidterm cohorts for freshman

cell biology and junior biochemistry | and Il were
similar in course structure: lab component-@&B%o),

final exam (35%). The or@nd twomidterm cohorts

for junior cell biology both had a lab component
(40%), term paper (15%), and similar weighting for
the midterm exams (one midterm = 20%; two
midterms = 15% + 10%) and final exam (one midterm
= 30%; two midterms = 35%). In all courses, the
second midterm exam in the twidterm condition
was not cumulativehut each would contribute to the
material on a cumulative final exam. All lectures were
taught by the same instructor (author NH) and so were
taught in a similar style. While course structure was
similar, individual course elements occasionally
differed from year to year (e.g., different textbooks or
lab manual editions, different lab instructors, fresh
quiz and exam questions). Therefore, the potential
exists for confounding variables because the classes
were not absolutely identical. The freshman biology
courses used the same syllabus, and each of the junior
cell biology, biochemistry |, and biochemistry I

courses used the same syllabus for the same course.

But clearly the syllabi differed between courses (the
syllabi were different for each of freshmaiology,
junior cell biology, junior biochemistry I, and junior
biochemistry II). Student marks and class
demographics from the selected courses were
collected from the [
studentsdé identities
before data analysis. Students who did not fulfill the
assessment requirements of the study (i.e., did not
complete one of the midterm exams or the final exam)
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were removed from thdataset before analysis. This
study was approved by the Warsity of Albeta
Researcliethics Board (Project #82145).

Our study had a 2 (midterm; one or two) x 2
(achievement level: high or low) x 2 (course level:
freshman or junior) betweesubjects factorial design.

To assess improvements in final exam scores we chose
to compae difference scores (i.e., final exam score
minus midterm one exam score) rather than raw
scores. Difference scores are better able to tell us how
each student so
semester and act as our dependent variable. To
determine if thee were differential impacts on weaker
students, students were split intigh- versus low
achievingcohorts based on whether they fell in the
upper or lower 50% of the course, as determined by
the median score of the first midterm exam. Finally,
because w collected data from courses aimed at two
different year levels, freshman and junior, course level
became an additional factor. Rather than compare
individual classes (e.qg., cell biology vs biochemistry),
we combined students into a single freshman cohort
(N = 118) and a single junior cohort (N = 84). There
were no significant differences between the first
midterm scores of the freshman eaad twemidterm
cohorts and between the junior eaad twemidterm
cohorts indicating that students in the oaad two-
midterm cohorts started out academically similar.

Results

The 2 x 2 x 2 analysis of variance (ANOVA)
showed a main effect for achievement, F (1,188) =
5.555, p = .019%High-achievingstudents (mean exam
score difference =-4.635, SEM = 1.135) had
significantly different mean difference scores than
low-achievingstudents (mean exam score difference =
-.761, SEM = 1.188). There was no main effect for
midterm exam score or course level.

There was an interaction effect for midterm exams
and course level, F (1,188) = 4.137, p = .043, in which
freshman students were impacted by the number of
midterms while junior students were not (Figure 1).
Specifically, freshmenwho received one midterm
performed significantly poorer on their final relative to
their midterm exam (mean exam score difference =
5.885, SEM = 1.566) thaneshmerwho received two
midterms (mean exam score differencél 635, SEM
=1.135).

There was no interaction effect betwn the
number of midterm exams and achievement level:
low-achievingstudents did not differentially benefit
from a second midterm exam relative togh
achievingstudents.

Discussion

Our primary goal was to consider whether
increasing midterms from one two exams would
improve learning outcomes in undergraduate biology
courses. Within the testing effect research, there is a
strong consensus that retrieval practice leads to better
long-term retention than fstudy alone (Rowland,
2014; Schwieren et al.027). There is also evidence
to suggest that increasing the frequency of testing will
lead to greater improvements in learning outcomes

per f or man ¢Bailey et &l.a2017 ;8BdngeBacevns @tsals 1991 ; Raoss

& Pirozzolo, 2017; Myers & Myers, 2007; Roediger &
Karpicke, 20@). Whether frequency improves the
testing effect, alters student attitudes and behaviors
(e.g., spaced studying), or impacts both, remains
unclear. Regardless of the mechanism, we expected
that two midterm exams would result in improved final
exam scoregelative to their first midterm exam score.
Our results partially support this prediction. An
ANOVA found a significant interaction effect between
course level and number of midterms indicating that
freshman students were positively impacted by a
second mdterm while junior students were not. This
is similar to the impact that anp®rtfolio assignment
can have on student learning (Haave, 20E&shmen
who received a second midterm exam did not perform
as poorly on their final exam relative to their first
midterm exam compared to those who completed only
one midterm exam: a second midterm exam rescued
freshman students from a significantly poorer final
exam resultFreshmerare a unique student population
as they are transitioning from high school to ursitg
while learning to become sdfiirected learners.
Having freshmenpractice retrieving their learning in
the classroom (something they typically do not
incorporate into their own study regime, Brown et al.,
2014) is beneficial in the sherm, but mg also
benefit their ongoing development as learners. In
contrast, juniors may be sufficiently selirected
learners that there is no additional impact from a
second midterm. Therefore, junior students may
require other kinds of learning interventions to
continue their development as sdifected learners.

We were also interested in considering the
subpopulation of low achievers. We believed that low
achievers would see a greater benefit from two
midterms than high achievers, but our results do not
support this prediction. While we saw a main effect for
achevement (i.e., there was a difference in Hogh-
versus lowachievingstudents performed on their final
vs their first midterm exam), we found no interaction
effect to suggest that low or high achievers benefited
from the second midterm in a unique wa&pth low
and high achievers did worse on the final compared to
the midterm. Low achievers had a significantly smaller
difference scoremeaning their midterm and final
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marks remained more similar than those of high
achievers. This result is contradicteoyother research

on disadvantaged populations. For instance, Pyburn et
al. (2014) found that a multipiehoice preteg led to
improved exam performance, but lskilled English
comprehenders benefited more than Feghled
English comprehenders. It ae that initial learning

B 1 Midterm
2 [ 2 Midterms

Mean difference scores (final - midterm 1)

Freshman Junior

Course year level

Fig. 1. The impact of course level amimber of
midterms on difference scores (final minus the first
midterm exam score). ANOVA results indicate a
significant interaction effect between course level
and number of midterm exams, F (1,188) = 4.137, p
= .043. Error bars represent standard errothe
mean.

ability may not impact the influence of a second
midterm exam. This result is unexpected as it could be
argued thafreshmenare not as experienced learners
as juniors which is whyfreshmenbenefit from a
second midterm exam whereas juniorsda Clearly,
initial achievement level and learning
ability/experience have a more complicated
relationship than we anticipated.

Conclusion

Our results suggest that a second midterm exam
may improve learning outcomes for students enrolled
in a freshman bt not a junior biology course.
Additionally, a second midterm exam did not
differentially improve the final exam scores relative to
the midterm exam scores flmw-achievingstudents.

A primary limitation to our study is that it only
analyzes biology coses. In addition, we were able to
match only a handful of course iterations for analysis
which limited our sample size. The small sample
negatively impacted the effect size and power of the
statistical test. Furthermore, while differences in
course structe were minimized by using courses
offered close in year and with similar course
structuring external to the additional midterm exam,

we were not able to account for all variations, such as
studentso6é6 prior GPA, relying
midterm exam sae as an indicator of academic
ability or preparation. A possible confounding factor
is that the junior cell biology course had a term paper
rather than irclass quizzes which our statistical
analysis could not address. More robust conclusions
will require future research with access to a larger
campus population as well as additional disciplines.
Future testing of sophomores and seniors may also
provide additional information about the impact of
course level. One obvious question is whether
sophomores andeniors will show a similar pattern;
that is, will additional midterm exams impact
sophomores but not seniors? Finally, we cannot make
any claims regarding the mechanism by which two
midterm exams improved student learning outcomes.
One future direction foresearch is to attempt to make
distinctions between the testing and frequency effects.
Distinguishing between these two mechanisms
remains problematic. However, in terms of useful
interventions, it is sufficient to recognize that
regardless of why, testj in the classroom acts as a
beneficial learning tool, not simply a necessity for
program assessment purposes.
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Abstract

Prenursing students of an introductory Microbiology laboratory class, having learnt typical microbiological
techniques during the semester, gained the confidence of conducting anbagdproject as part of their lab course

work. Students cooperatively performed a microbiological analysis, to evaluate safety of sushi. This paper presents
learning strategies and assessment methods to prepare and motivate the students for undertakistigativen

project. Approaches are discussed that were taken to continually assess the students during the performance of the
project in order to ensure harmonious group activity and transition through the various stages of the investigative

project. Studnts commented that their investigative experience had increased their thinking and analytical skills and
heightened their awareness of the process of scientific discovery.

Key words: Introductory Microbiology laboratory course;Rhersing majors; Inquiry; Cooperative Learning

Introduction

For quite some time, education experts and many
biology teachers have been urging critical thinking
exercises, handsn experimentation, and inquiry
based science education in conducting undergraduate
biology courses. Human society has become rapidly
techrological and science has assumed a major
presence in the everyday functioning of an increasing
number of people. It is, therefore, imperative for the
young student to gain an understanding of the process
of science and how researchers make discoveries in
order to make informed de
(American Association for the Advancement of
Science, 2011; Somres & Ham, 2009; National
Academies of Sciences, Engineering, and Medicine,
2015, 2017). Numerous reports of successful inquiry
based undergradte laboratory teaching in biology
have been reported (Mitchell & Garziano, 2006;
Marshall, 2007; Madhuri & Broussard, 2008; Spiro &
Knisely, 2008; Walker et al., 2008; Hurd, 2008; Lu et
al., 2008; and, zZhang, 2008). Further, it has been
shown that when irestigative approaches are
performed by biology students in a cooperative
manner working together to achieve a common goal,
higher levels of student achievement are attained
compared to traditional methods of teaching (Goyette
& Deluca, 2007; Goldberg & Dizis, 2007; Seifert et
al., 2009; Weisman, 2010; Premo et al., 2018). One of
the key findings in cooperative learning has been that
st ude ntefteem s eslgificantly enhanced.
Cooperative learning also provided the students with

an opportunity  to aquire interpersonal
communicative skills, enhance their motivation for
learning, and to discover and exercise their critical
thinking skills (Weiman, 2009). It is, therefore,
important that biology and other science courses
should be taught based onguiry, research, and
teamwork.

Typically, inquirybased projects in an
undergraduate laboratory course are conducted for
biology juniors and seniors who have previously
completed a set of biology courses including rigorous
laboratory, ourses gpd sfudeqts, workthe Ripjegt | g
throughout the semester (Seifert et al., 2009). At the
University of Guam, pr@&ursing majors are required
to take an introductory one semedtarg
microbiology laboratory class. The students have
limited science background and have not liad
opportunity to engage in investigative projects in
science lab classes. As part of efforts at improving the
laboratory course experience for gmersing majors,
an inquirybased cooperative learning approach was
tested. After ensuring that studentsjaiced the skills
in experimental microbiology in par with national
standards for such an introductory course, the students
weremotivated to utilize these skills in conducting an
inquiry-based project in a cooperative manner, in the
last three weeks of ¢hsemester.

In this paperare presented: (i) the steps taken to
initiate and motivate the students into conducting an
inquiry based cooperative project; (i) the food
microbiology investigative project decided upon by
the students and general design leé project; (iii)
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student microbiological skills assessment and B. Microbiological Analysis Project Design
eva_luating studerjt preparedness for undertaking the Eighteen microbiology students formed three
project; (iv) learning outcomes; (v) approaches taken — o.,,h5'of six students each, to determine the levels and
to enhance cooperative learning; (vi) assessment of 44 e of microbial contamination of sushi. The three
student os per f oybamdpgectof (R pidnded dhitesting three sushi samples of the
(vii) conclusions and discussion that studentg_arrlved same vakety, essentially to obtain results in triplicate.
at by consensus among the class; and (viii) -post  gy,dents agreed to perform the project in a cooperative
project feedback from students. manner sharing their observations, data, and thoughts.
The successful completion within a limited time Students within each group agreed to monitor each
and budget of an inquifyased project by preursing others methodology to ensure that the cdrsteps
students clearly shows that such an investigative, were being taken and all data observed were collected.
cooperative learning approach can be introduced in an  The students also felt that it would be important for the
introductory microbiology lab course. It was also  three groups to interact with each other to comment on
found that at the end of the semester, the students had experimental procedures, observations, and data
a heightened awareness of the process ofhtsice collection to ensure uniformitwhile conducting the
discovery and the significance of basic science in  project, for statistical validity. Finally, all three groups
providing breakthroughs in understanding disease, in  agreed to share their data with each other to arrive at a

medical diagnostics and in developing therapeutics. consensus with the instructor moderating the
Students exhibited a high level of excitement and  {iscussions.

enthusiasm for microbiology and the moleaulife Based on their learning of typical microbiological

sciences. principles and methods during the semester, students

The Inquiry -based Cooperative Learning Strategy reasoned that they would be able to investigate four

and Student Assessment important aspects in their microbiological evaluation,
The conceptual strategy for initiating and namely:

conducting the inquinpased food microbiology i. quantitate levels of bacterial contamination

analysis project in a cooperative manner, the using the standard plate count (SPay aoliform

evaluation design, learning @oimes, and assessment count methods.

of student performance of the project are discussed
below. Students were assessed prior to the start of the
project and during the performance of the project to
test t he student 6s knowl e

ii. isolate and identify the bacteria using
selective/differential culture plates, wet mount

analysis, and Gram staining. . i
d ey of mlcrogblologlcal

techniques required forhé food analysis, their ii. determine if the contaminating bactéria form
preparedness for undertaking the project, and, efficient spores.
conduct of the project in collaboration with their peers. iv. antimicrobial testing to determine the
This was followed by a pogfroject analysis of effediveness of selected typical antibiotics on the
student s experience of t he recovesed contaminatingibactetast i gat i on.
A. Initiation of Inquiry project C. Pre-project Evaluation Design and Assessment
Earlier in the semester, students isolated from In order to incorporate an investigative

their own skin surface resident bacteria using typical  cooperative learning approach in an introductory
culturing methods and were surprised to learn that they  microbiology lab course, it was essial to ensure that
harbor the potential human pathodgetaphylococcus students had acquired skills in: performance of
aureus Students also learof the immense diversity microbiological techniques and experiments using
of microbes present in the surrounding environment.  appropriate scientific controls; collection and
Students identified potential problems that microbes  organization of results; drawing conclusions; and, in
may cause on the island of Guam, ranging from those interacting with fellow students. &lents were

in hospitals and clinics, to the drinking water supply, assessed for the following important learning
sewage treatmentgnt and release of raw sewage and ~ components prior to embarking on the project:
garbage directly into the coral reef areas. Some
students voiced their concern over the safety of salads
and sushi that is served in food store outlets. Students
also remembered, from their lecture class, that many
bactera produce toxins which can be introduced into
food during processing, preparation, and handling.
Students agreed to undertake, as part of their lab
course work, an inquiry project to evaluate
microbiological contamination if any present in the
sushi.

i. Student Learning of Microbiological
Techniques: Students learnt a set of seven
standard microbiological techniques that are
required for analyzing the contamination levels of
food. The techniques are: (a) light microscopy
analysis using wet mounts; (b) Gram staini(c)
aseptic & pure culture techniques & culturing




methods; (d) spore analysis test; (e) antimicrobial
sensitivity testing (Kirby Bauer method); (f)
standard plate count method (SPC); and, (g)
identification of unknown bacteria using
selective/differetial culture media. Students also
learnt general microbiology safety guidelines and

universal precautions as described in their
microbiology lab manual (Brown, 2009).
ii. Laboratory Notebook: Students were

required to maintain a logbook of their lab clas
activities. The log book notes of all students were
inspected, and comments provided on the format
of journal entry.

iii. Data Collection & OrganizationStudents
were required to organize all data obtained from
the experiments that they had perforrivethe lab
class, in the form of tables and graphs. The
students also learnt the importance of statistical
validity and therefore tested three sushi samples
of the same variety, essentially to obtain results in
triplicate.

iv. Collaboration with PeersStudents were
familiarized with the cooperative learning
approach by requiring all students to share their
data with the rest of the class. This was achieved
by drawing data tables on the blackboard. Each
student recorded his or her data on the blackboard
followed by an interactive discussion on the
observations. This exercise taught the students
how to arrive at conclusions by consensus, taking
into accountll the pros and cons.

v. Theoretical Knowledge:An exam was
conducted to test t he
knowledge associated with the microbiological
techniques to be used, as well as familiarity with
lab equipment, culture media, and reagents. A
postexam review ensured that all students learnt
the concepts forming the basis of each
microbiological procedure.

vi. Laboratory ReportEarlier in the semester,
the students were required to present their results
for t he ibacteri al
experiment in a concise and weliganized
laboratory report. This exercise prepared the
students for writing lab reports that would form
the final part of the investigative project.

D. Pre-project Questionnaire - Evaluating Student
Preparedness for Undertaking Project

In the first ten weeks of themester, students had
completed a series of microbiological experiments
acquiring skills that would be required for successfully
completing the food analysis project and attended
lecture classes on essential microbiological concepts.
Students were providea questionnaire to determine
their comfort level with microbiological concepts and
skills. The questions diresponse data are provided in

Table 1. The results indicated that all students in the
class had acquired fundamental microbiological skills
and ha gained the confidence in continuing with the
project.

E. Learning outcomes

The main student learning outcomes of the
inquiry-based investigative project in the Introductory
Microbiology course are specified below:

1. Enhancement of
and thinking ability.

2. Application of microbiology techniques and
approaches in investigating a scientific question,
relevant to public health.

3. Designing experiments, collecting and
organizing data in the form of tables & figures,
photo docmentation, and preparation of
scientific reports.

4. Development  of
communication skills.
5. Inculcate awareness and enthusiasm for the
scientific discovery process.

collaborative and

F. Project performance assessment

At every step of the multage investigative
project, each student groups methodology was
monitored to ensure that the correct microbiological
procedures were being used. The groups were advised
not to proceed to the next stage until clearance was
obtaired, ensuring harmonious group activity and
transition through the various stages of the project.

To enhance the cooraive approach, the three groups
were asked tq share their experiences at the end of
Svird faBet oPtfe in e@ti@a‘ti\)g préjedteTRis SidweL 2 !
each group to comment on and critique each other and
ensure that all three groups were maintaining
uniformity in their experimental methods for statistical
validity. The strategy of monitoringhe students
themselves allowed detection of any unexpected
mistakes that were made and to correct them or to
account for them while drawing conclusions from the
results obtained-or example, at the very first stage of

u n khe project the thrideegrotips tilended their sushbsample

in a sterile blender, prepared appropriate dilutions and
plated on a rich nutrient medium for culturing bacteria
During the discussions, the students foumat bne of

the groups had peeled the sushi wrapping and the rice
away from the raw fish contents and did not include
them in the blender while preparing food dilutions. A
dialogue ensued, and the students discussed the
consequences and the results that twaild expect for

the three food samples. The students agreed that not
including the rice and wrapping would mean that they
essentially would be performing duplicates instead of
in triplicates as originally planned. However, the
students reasoned thatghinistake could be used to
their advantage. They hypothesized that the major
source of bacterial contamination would come from

Volume 45 (1) May 2019ubir Ghosh Learning Strategies to Initiate and Motivate Students dfitiaductoryé é € é . .11

etelsdent 6s



Tabl e 1. Student 6s

comfort |

evel wi t h

evaluation of raw fish containing reattye at f ood preparations (fisushi o.)
Concepts & Skills Average Score*
GeneraMicrobiological Principles 4.62 + 0.62
Light Microscopy analysis using wet mounts 4.81 + 0.40
Staining and observation of microorganisms 4.75 + 0.45
Aseptic & Pure culture techniques and culturing methods 4.62 + 0.62
Spores and spore analysist 4.37 + 0.62
Antimicrobial sensitivity testing (Kirby Baeur Method) 456 + 0.63
Standard Plate Count Method (SPC Method) 3.56 + 0.89
Identification of unknown bacteria using selective/differential cult 4.68 + 0.48
lates
\F;Vriting labreports and presentation of data in clear and succinct form 4.37 + 0.80

*Students were asked to indicate their comfort level in nine areas, on a scabe(df Mot at all; 2, Very Little; 3,

Somewhat; 4, Quite a bit; 5, Very much). n =16

the raw fish content of the sushi sample and not from
the cooked rice and wrapping. They reasoned that if
indeed this were true, then the level of bacterial
contamination for all the three samples would be
similar. If the contamination levels for the sdep
where the rice and wrapping were not included were
lower, then that would indicate that the cooked rice
and wrapping also were contaminated. During the
observations and collection of data, the students found
lower levels of contamination when the ricada
wrapping were not included. The students concluded
that the rice and wrapping used were also
contaminated. The students found significant
contamination of Staphylococcus aureusand
Staphylococcus epidermidis  based on
selective/differential culture platéest Both these
species are present abundantly on the surface of the
human skin. The students concluded that the sushi
samples were prepared under unhygienic conditions,
where the food preparer probably did not wear gloves
and rolled the sushi with baleinds. However, some
students argued that the contaminants could very
easily have been introduced by the students
themselves during the food analysis project. The
interaction between the three groups at every stage of
the project allowed students to buildonsensus
regarding conclusions. This exercise would play a
very important part in the end stage of the project when
students came together to arrive at a summary
conclusion regarding the safety of sushi.

An important element of involving students in
cooperative discussions is the fact that students
spontaneously start thinking critically. This was
evident during the identification of yeast contaminants
using selective culture platesthe chloramphenicol
antibiotic in the plate prevents the growthbaicteria,
thus any colonies detected would be that of yeast. The
students did not obsex\growth of any colonies on the

plates for the three food samples and concluded that
the sushi samples did not contain any yeast
contamination. However, on one of th&atps, one
colony was found growing at the edge of the plate and
the students of the group after discussion among
themselves remarked that the colony may be a
bacterial contaminant that is resistant to the
chloramphenicol antibiotic. This raised concern
among students about the potential for spreading of
antibiotic resistant strains of bacteria through sushi.
However, students countargued that the
contaminant could very well have come from the
teaching lab while analyzing the food sample. It was
evident that the students were able to utilize the
important microbiological concepts that they had
learnt in the lecture and laboratory class for their
investigative project.

During the final discussion session, it was evident
that students were actively engagad had realized
the significance of the investigative project. The
students debated the conclusions to be arrived at
regarding the contamination levels of the sushi
samples. Students agreed that that the precise rules of
food safety testing, including sistical analysis, was
not performed. Some students argued that the bacterial
contaminants they recovered may have very well come
from a breach of aseptic procedures in the lab while
evaluating the sushi samples. Others commented that
there is a possibilit that sushi sold at stores may
exhibit some levels of nepathogenic bacterial
contamination which did not pose a serious threat to
humans, especially since no case of food poisoning
was reported from any of the food outlets. The students
also reasoned #b if indeed the sushi samples
exhibited some levels of contaminating bacteria, then
the presence of these contaminants did not indicate
that the food was spoiled, rather there may be a
potential for rapid spoilage of food. Coliform counts
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using the seldive culture plate did not reveal any
fecal contamination of the food sampiethe students
heaved a sigh of relief! The colonies found on the
plates were notfactose fermenting species and
students commented that these bacteria may
potentially be pathogéc since gram negative bacteria
are known to secrete toxins (Tortora et al., 2009). The
students expressed their concern that the gram
negative bacteria contaminating the sushi samples that
did not respond to any of the antibiotics tested in their
antimiaobial testing analysis, could potentially be
harmful if ingested. The students reasoned that these
bacteria might represent resistant strains whose
genome codes for enzymes responsible for
inactivating the effects of the antibiotics tested as
learnt fromtheir microbiology textbook (Tortora et al.,
2009)

The scientific argumentation and data analysis by
all three groups provided strong evidence that
studentdés curiosity, t hi
were enhanced as a result of collaborative project
paticipation. The classroom discussions generated
among students, collection of quantitative and
gualitative data, organization of data in the form of
tables & figures, nature of the conclusions arrived at
by consensus among the students, and preparation of
final report, provides strong evidence that the main
student learning outcomes were achieved in the
inquiry-based project in the introductory microbiology
course.

n

G. Postpr oj ect Student
Experience of the Investigative Project

Postproject feedback from the students was
obtained via: questionnaire, spontaneous student
comments made verbally during the progress of the
project in the classroom to each other, verbal
comments provided by some students to the Instructor
outside of the @ssroom, and, official course and
instructor evaluation by students.

a. Postproject Questionnaire:

Sixteen of the eighteen students present during the
last laboratory class for the semester provided
feedback on the investigative projéctthe students
were asked to not include their names in their
responses to the questionnaire. The questions that
wereasked of the students are given below:

i. Did you find the investigative project
interesting and important?

Do you think that being able to apply
microbiologcal techniques learned in the lab
class to an investigative project enhances the
lab experience of students?

Did you feel comfortable performing the
project using the microbiological techniques
that you learnt earlier in the semester?

Do you think that itis important to learn to
work collaboratively with your fellow
students?

Do you feel that performing an investigative
project enhances your ability to think and
analyze data compared to performing
experiments directly from the lab manual?
Do you feel tha an investigative project
should be included as an important
component of the microbiology lab course
conducted at the university?

The students unanimously answered in the
affirmative for all six questions. One student further
commented that this coopeikeg approach was good
training that would help them prepare for a career in
nursing. The positive feedback from the students was
further borne out by the spontaneous student
comments as described in the next section. In official

tudent evaluations,. onlyne of fourteen students .
%o'mr'ﬂe%ted h%t 'tt?le ihvgs)gfigativeaeroj%ect p%r o(rj[mgdlfnS !
the laboratory was a distraction with regards to
preparation for the final examination for the
microbiology course. Since the sample size of the class
was small (eighteen studstit is conceivable that not
all students taking an introductory microbiology
course would be in favor of an inquibased project
as part of laboratory course work. However, the
largely favorable response from students indicate that
the investigative mject indeed helped students learn
the realworld applications of microbiology.

Vi.

Feedb g skontghdols stidet Eofnmdni:S

A very strong indication that the investigative
project was viewed favorably by the class is the
spontaneous comments on the project made by the
students to each other during the performance of the
lab work, and verbally to the Instructor outside the
classoom. Six students informed the Instructor that
they enjoyed the investigative project commenting
that they had been used
traight from the | ab
You should introducdabi t
ourse work in future mi
tudent went on to commen
biology can be so interesting. If we had known, we
would have become biology

In the final project report submitted by group # 3,
the following comment wa s
has enlightened our group and put many questions on
our table. The project conducted has many
implications as to how exactly food is handled and
what steps food handlers are taking to minimize food
contamination. The project can serve as a helpful
resource and educate the food industry as to
approximately hav many microbes can contaminate
food if the proper techni
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c. Official Student Evaluations and Student

Performance in Final Exams:

Only one of fourteen students who participated
did not favor the idea of an investigative projectiin a
introductory course, citing that it distracted from
preparing for the final exam. There was no significant
difference in student ratings of the Instructor received
for the projectbased microbiology course and the
scores that were received in earlier mkbology
courses. The students of the projbased
microbiology course did not perform better on their
endof-course final exam compared to students in
earlier Microbiology courses. There seems to be no
correlation between participation in an investigati
project and increased success in the final exam on
microbiology.

Discussion

Here, is reported the outcomes of an inquiry
based project performed cooperatively by-puesing
students in an introductory microbiology laboratory
class. These students hatinaited background in the
sciences and none of them had participated in a
research type project for any of the earlier courses that
they had taken. It was indeed remarkable to observe
the collaborative nature of the students in undertaking
a project. Thantensity of the classroom discussions
reflected the ability of the students to think and
integrate concepts learnt in the microbiology lecture
and laboratory class. The overall impression was that
such an investigative project enhanced the learning
experence of prenursing students and created a
general sense of confidence in their academic work.
Students felt much more aware of their capabilities,
which would be very important in their future careers
in the health professions. Students felt quite tlille
that they were able to interact with each other in a
critical yet harmonious manner and accomplish the
goals set for the project.

The main aim of this inquirpased project was to
test if prenursing students of an introductory
microbiology course werable to utilize and integrate
microbiological concepts and experimental skills; to
test the collaborative capability of the students; and
ability to communicate effectively and arrive at
conclusions by consensus. The success of the students
in fulfilling these aims clearly shows that inquiry
based projects using a cooperative learning approach
can be effectively utilized in an introductory
microbiology lab course to enhance student learning in
a limited time and budget format.
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Abstract
Because students and professors place different values on syllabi components, perceptions of course objectives vary.
Previous studies investigated the relationship between

do not address theole of explicitly stated course objectives in syllabi. Our study used qualitative methods to
investigate relationships among studespiorted perceptions of course objectives, professuorted intended course

objectives, and explicitly stated courseettijves from syllabi. We used interviews from two professors who taught
introductory biology courses for nanajors, course syllabi, and student responses to arerpad questionnaire

about course objectives. After using a deductive approachtocoderstuds 6 r esponses, we found ¢
accurately identified a course objective listed in the syllabus. We identified three main themes in student reported
course objectivesknowledge (n=539), Practice (n=30), and Performance (n=Adp of thesgKnowledge and

Practice) aligned with professor intended course objectives but did not align with explicitly stated course objectives.
Based on our findings, we conclude that students poorly identified explicitly stated course objectives but correctly

idet i fied their professorsé intended objectives. Theref
course objectives with those explicitly stated in the syllabus.
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Introduction documenting the scholarship of the course, course
concepts, expectations for students, and evaluation
techniques (Albers, 2003; Parkes & Harris, 2002).
Documentation of course content through syllabi can

A traditional communication tool between
students and professors is the course syllabus. Syllabi
serve as a classroom contract between students and . - . - yrer
professors by presenting professor expectations, assist admlnlstratorf, or reviewers in determination of_
assignments, and anticipated learning outcomes courseb6s alignment with a
(Griffith et al, 2014). However, students and NSt itutiondés mission (Albers,
instructors value different syllabi components, making ~ "d use syllabi as learning/teaching tools to motivate
syllabi alone an inadequate communication tool students and posmvely.lnfluence their attitudes (Bain,
(Becker & Calhoon, 1999: Smith & Razzouk, 1993). ~ 2004; Parkes & Harris, 2002). When used as a
Defective communication via syllabi highlight learning/teaching  tool, ~syllabi place incsed
disconnections between t 8TPhaps ongresources, and pLagtigey stidents scan

interpretations of course objectives (Aggar & Shelton, utilize throughout the course to become better learners
2015; Mitchell & Manzo, 2018). (Davis & Schrader, 2009). Syllabi also communicate

procedural and logistical information regarding due

Traditionally, syllabi fulfill one or more of four : N
. ) dates for assignments and exams, gradirigr@j and
primary roles: as a contract, a permanent record, a o . :
anticipated learning outcomes (Parkes & Harris,

learning/teaching tool, and/or a communication 2002)
medium (Albers, 2003; Parkes & Harris, 2002; '
Thompson, 2007). As contracts, syllabi present X .
expectations, rules, and responsibilities to which  SYllabi, such as exam and course assignment due dates,
faculty and students are expected to adhere (Matejka they believe will contribute to their success in the

& Kurke, 1994; Parkes & Harris, 2002), as well as act ~ course (Becker & Calhoon, 1999). This suggests
as a permanent record of teacher performance by students approach syllabi as a course contract for

Students place significant value on parts of
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success (Davis & Schrader, 2009; Marcis & Carr,
2004). In contrast, faculty tend to place more value on
parts ofsyllabi components related to expected student
conduct (Davis & Schrader, 2009; Wolf et al., 2014),
suggesting faculty utilize the document as a teaching
tool. In some instances, such as éargnroliment
courses with multiple sections, faculty are expected to
share a syllabus and have little control of the
components and learning objectives that go into the
document (Mitchell & Manzo, 2018)in instances
where the same syllabus is shared acrdiferent
course sections, faculty typically make fewer attempts
to clearly communicate syllabi elements, resulting in
less student use (Mitchell & Manzo, 2Q18his leads

to a feedback dop where the syllabus is further
devalued.

Collier and Morgen (@08) further investigated
these differences and found that instructors grew
increasingly frustrated when students expected syllabi
with more explicit content, as instructors felt the
syllabi were already highly explicit. This disagreement
between studentnd instructors can result in negative
impacts on student performance, as some students fail
to understand the expectations instructors have about
studentsdé coursework
on studying and assignments) (Collier & Morgen,
2008). Addtionally, Aggar and Shelton (2015)
investigated syllabi across private and public higher
education institutions and found students at public
institutions encounter more authoritarianism in their
syllabi than at private institutions. Although Aggar
and She#on (2015) studied syllabi from a labor
contract perspective for classroom and behavior
management, they found high syllabi diversity
between institution type and class size. On a larger
scale, this higher diversity among syllabi can
contribute to student confusion and
miscommunication as students must navigate varying
syllabi across their undergraduate career. Existing
literature continues to highlight how students and
instructors value and view components of syllabi.

While approaches to syllabi differ tveeen
students and instructors, a common attribute of most
syllabi is the inclusion of course and learning
objectives. It is possible that the terms course objective
and learning objective are used interchangeably in the
extant literature, but as we focae course objectives
for this study, we feel the need to clarify the
differences between the two. In this study, we use the
term course objective to mean a goal to be achieved by
the student after completion of the course, whereas our
operational definitio of learning objective is
informed by Mitchell and
commonly used metric with which students can be
assessedo (p. 456) .
objectives may also include less measurable goals put

in place by instructors,such as developing an
appreciation for a specific topic. Most higher
education institutions require course objectives for
each class, but in Texas specifically, each course
taught at the university level has statandated
course objectives. Course objges can guide syllabi
development and highlight what students should know
and be able to do after being instructed on a topic
(Allan, 1996; Hartel & Foegeding, 2004). Mitchell and
Manzo (2018) state that a weléveloped and clear
learning objective incldes a verb that contains an
observable action item, conditions for when the action
should be carried out, and the associated performance
level. Clear learning objectives allow students to know
exactly what is required of them (e.g., contractual) and
what they will learn as a result of completing
requirements (e.g., teaching tool) (Mitchell & Manzo,
2018). Instructors can also provide additional
instruction about how students can use learning
objectives to track the trajectory of their learning
throughout acourse (Osueke et al., 2018). For
example, in writingntensive courses, instructors
might communicate learning objectives through
examples of exam questions and descriptions of

c 0 mmanNswas ot comnuicatg performancen @xpestatiens t

(Yule et al., 2010). Studentsan track their learning
trajectory by comparing their answers on previous
exams to determine potential improvement strategies
to achieve higher performance expectations. In this
way, instructors can help bridge the gap between
differing valuations of learing and possibly course
objectives, making syllabi more useful to students.

A common theme in the extant litgure is the
exploration of differences and relationships between
studentsd and i
objectives. For example, past research has explored
the relationship between
expectations of syllabi coemt in fields such as
nursing (Davis & Schrader, 2009), psychology
(Becker & Calhoon, 1999), political science (McCrea
& Lorenzet, 2018), management (Mitchell & Manzo,
2018), and introductory biochemistry courses (Osueke
et al., 2018). However, what theeliature fails to
explore is the role explicit syllabtstated course
objectives play in fragmented communication between
students and instructors. Additionally, research that
explores the relationship between explicit syllabus
stated course objectives,ather reported intended
course objectives, and student perceptions of intended
course objectives in biology courses is lacking.
Students might perceive course objectives differently
than how the professor intends for them to be
intgrareted cand/prohgvt gwre gxpresseq in theg
course syllabus, therefore, addressing differences in

for improving communication between students and
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instructors. The purpose for this study was to
investigate the relationshipmong student reported
perceptions of course objectives, professor reported
intended course objectives, and explicit syllabus
stated course objectives. This project was guided by
the following research questions (Figure 1):

1. In what ways do professoeported intended

course objectives compare to explicitly syllabus

stated course objectives? (Fig. 1A)

2. In what ways do student reported perceptions

of course objectives compare to professor

reported intended course objectives? (Fig. 1B)

3. Inwhat wayglo student reported perceptions

of course objectives compare to explicitly

syllabusstated course objectives? (Fig. 1C)

Syllabus

Professor Students

B

Fig. 1: lllustration of communication triangle for
research questions.

Theoretical Framework

Instructional communication theory classifies the
professor as a
in this enterprise relies on: 1) their communication
conduct and 2) their opinions and views on
communication (StateBpicer & MartyWhite, 1981).
Three paradigms comprise instructional
communication theory: procegsoduct paradigm,
studertmediated paradigm, and culteoé&the-school
paradigm. Our project focuses on proepssduct
paradigm of instructional communication theory,

which assumes teacher laefors precede, and are
most responsible for, student learning and
achievement (Morreale et al., 2014). In our study, the
usage of explicit syllabustated course objectives by

professors represents the process, and accurate (as

defined and described by gfessors) student
perception of course objectives represent the product.
Itis important to note that in this case the term accurate
is entirely derived from the perspective of the

professor, as they create and communicate the course

objectives throughouhe semester.

Previous studies of the procge®duct paradigm
have explored three stages of instruction:
preoperational, process, and product (St8piter &
Marty-White, 1981). The preoperational stage
typically involves measuring teacher characterssti
(such as their opinions of and methods for
communication), the process stage typically includes
observation of teacher classroom behaviors, and the

product stage assesses teacher effectiveness by

measuring student outcomes.

For this project, since we emore interested in
studentsd wunderstanding
than student learning outcomes, we framed the
preoperational stage as determining how teachers
display course objectives in their classrooms. Our
process component consisted of cousgabi and
interviews to assess how the objectives were displayed
(explicit vs. implicit). The product component of our

In this study, we inveigated an introductory
biology course designed for nagience majors. In
accordance with Texas House Bill 2504, all
undergraduate course syllabi in Texas are required to
have explicitly stated course objectives for each course

Preoperational

How do instructors
communicate course
objectives and how are
these objectives presented
in the syllabus?

Process

Are course objectives
explicitly communicated in
course syllabi?

Product

Are students accurately
recalling course objectives?

Fig. 2: Procesproduct paradigm of Btructional communication thepr
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which are published on a
public access (Kolkhorst, 2009). Student outcomes
from taking the course should include the ability to
demonstrate understanding of basic biology
principles, have at least a conversational knowledge of
moden biological science, and be able to make wise
decisions regarding health and nutrition based on
metabolism, physiology, and genetics.

At the university of this study, department policy
dictates that introductory courses with multiple
sections, taught bgnultiple professors have identical
course objectives to ensure continuity of content for
students across sections. While the course objectives
for both sections of the course were identical (Table
1), each instructor created their own syllabus and
determired how to incorporate the course objectives
into their course.

Table 1 Course objectives for an undergraduate-non
majors biology course.

Course Objectives
To examine the nature of science, the scientific
method, & hypothesis testing.

To examine celtliversity, structure, & function.

To examine basic chemical principles, the natur
of organic molecules, & the function of chemical
within cells.

To examine the role of energy in maintaining life
& learn how cells acquire & use energy.

To examine thetaucture & function of DNA
especially as it pertains to protein synthesis.

To examine the principles of inheritance (geneti
& explore patterns of inheritance in humans.

To examine the principles & regulation of cell
division, & the consequences of raictions in
the regulation of cell division (e.g. cancer).

To examine aspects of biotechnology & discuss
the role that biotechnology plays in our world,
including an exploration of the ethics &
consequences of emerging technologies.

To examine thanatomy & physiology of the
human reproductive system.

Participants

Participants for this study included two
professors, Professors Richards and Kommala
(pseudonyms), who taught three sections of the same
introductory biology course for nescience majorat
a large university in Texas and their undergraduate
students. We asked undergraduate students enrolled in
each professorés course t
online, operended questionnaire wherein we asked
students to describe their ideas aboutrse objectives

and how these course objectives were communicated

in (the i couese. sPert IRB approval H2017818), weo r

administered the

sastmuctured

obtained participant consent,
guestionnaire, and conducted
interviews near the end of the course.

We collected data from student responses
(n=424), as well as individual sesiructured
interviews with each participating professor (n=2) to
establish intended course objectives and identify how
each professor conveyed those objectives within and
beyond their course/Babus. We also used the course
syllabus from each professor to verify the course
objectives were explicitly stated for each course
section.

Data Analysis

We examined responses and identified common
themes that emerged across all participants and data
souces using an inductive approach to coding. We
transcribed data verbatim and then applied descriptive
codes to each studeidtentified objective. We then
used an inductive approach to coding to sort student
responses based on themes which naturally arose f
the data and reflected student perceived course
objectives. We then used a deductive approach to
categori ze responses as
i naccurateo based on a
syllabusstated course objectives. Then we examined
responses ot aligned with explicit syllabustated
course objectives and compared them to the
professorbfés interview

At least two members of our research team coded
each data source. When discrepancies arose between
researchers, differences were discussedil ua
consensus over conflicting ideas was reached and a
final coding was agreed upon. Consistency in this
approach was high with an inteater reliability of
96%. We employed member checking with each
professor to ensure our interpretations of theirseu
objectives were consistent with their intended
objectives. We also generated frequency counts of
student response accuracy by counting responses that
further evidenced our interpretations of the data.
Multiple student responses required separation into
two categories. These instances account for the higher
number of total coded responses than the total number
of students. For example, we coded the student
response, ATo understand
organism. Such as cell structure, and DNA hod it
all shapes living
general biology content and genetic biology content.

Results

Course Objectives

Professor reported course objectives

Ourivg @ur individ@ar iritebvigws Wieh keach ppofessor, i
both discussed at length the importancesbéwing
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students that science is approachable and relevant in Table 2 Themes and subthemes that emerged from
everyday life. Professor Richards recognizes the studentresponses to questionnaire.
science conterttased course objectives outlined in

her course syllabus, f#fAthe Tlheme r s eSustHeme cBxamples . . . because
of the Wa.y the state of Texas iS and the r(ﬂ]’ﬂé‘nts Know'edge B|0|ogy Learning the basics

areeo but did not focus ons3d)hem. gated st eqt Modernbiol&gf, € s sor
Richards discussed her implied course objectives that Content such as how

centered around themes of science perception and life (403) organisms grow,

skills. AMy | ear-majonsgourseb j ecti ve i n a no Qork and

is not so much edsiudentgf oy é | want the reproduce.

| eave class feeling good about scienceéand just have
better critical thinking skills. Ongl/fB&S egadichemes continue
throughout the interview, as Professor Richards Science understanding of

described the importance of leaving rexience (82) scientific theory, to

maj or s, Afeel i ppr dadckleabslcei,eoncaendi s ‘a know what science
teaching them to be, fa Iittle more skejptical about wha
they read and what they hear and what they believe. 0

Similarly, Professor Kommala also stressed the need Directly To examine cell

to make science approachable for majors, as from diversity, structure

evidenced in her intervieit €t he cour se objectiyv %ylla{buss and func'tion' to '

to do the applied measures of biology without making 3 mine b ,ic

the students hate biology. o Addi(]’[)ionalehal)F1iCI Frofessor
Kommal a attempted to relate biology togriic%lgsatﬁely i feo
as evidenced in her interview: ’

~ , nature of organic
fhumans are affected or benefited by the molecules. and the

mi croorgani smsé I extract t he M & indtion of
concepts that apply to daily life, like what chemicals within
makes you sick and why you have less cells.

immunity to a disease when you have cancer

and when you go through chemo. Reflective  Ensuring that

Both professors provided similar course outcomes for (15) students gain a
their stueknts but did not convey these objectives into stronger sense of
their syllabi. the world around
Student reported course objectives themand how each
While coding student responses to the living thing comes
guestionnaire, we found some students reported to be.
multiple course objectives (n=610). Three themes
emerged from these reped course objectives: Personal My goals for this
Knowledge (n=539), Practice (n=30), and (26) course is to become
Performance (n=41) (Table 2). These themes were more
further subdivided to gain a more -depth knowledgeable
understanding for student perceptions of course about the study of
objectives. living things.
We coded student responses that descréipeakt Practice (30) Science Learning how to
of learning or acquiring new knowledge as Specific apply content from
Knowledge (n=539). We then further subdivided Skill (14) the course in a
these responses: Biolo@dased Knowledge (h=403), practical/objective
Nature of Science (n=82), Directly from the Syllabus manner.

(n=13), Reflective (n=15), and Personal (n=26). Most

: L Non- To be able to think
stucent perceived course objectives (n=403) Science more critically.
identified biologyb ased knowl edge (e. g. , ﬁtgpeéﬂ‘i@i n a
better understanding of the world around me from an Skill (16)
atomic level to a biologiece If I vcelg a f]tuAuuderstand
what biology really meanso erorr&aﬁcgrb(r)aueﬁll mgtsmganstsoumdyent
471) rlverg( ) grade” doe

respases under this theme were generic in nature, it
does illustrate that students recognize that the course
objective is to learn biology content.
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Student responses categorized as Practice (n=30) | ar gely fAinaccurateo (n=480)

centered around gaining critical thinking skills. identified an actual course objective (n=130), and
Examples of this categor yfewerglR)sydenis capiediheir response wardyfor t o
demonstrate critical thinking k i | | s, & and @Aworg dirggyygrpnytie sylialus. This suggests that few
information | know to r e &twdeniyigew whneredoifindintpimptignagoutgoursge

further subdivided these responses into science Objectives. Our findings show many students believed
specific skills (n=14) (khg. couirusse nighj€lgé i was ethq ilFe ci
met hod to test out bi-ol ogoifcaflt hfeyud utnidameg)t al gn@®f nsai en
science specificskils(n=)6 (e. g., @At o b 8ghly-goeciic nagre pfrhe pri@andated policy,

more <criticallyo). These thegse pgiceived €aurse sohjectivesaafee consigered

students identify skills that are applicable both within inaccurate.
and outside the field of biology.

We coded the remaining student perceived course

objective responses (n=41) as Perfonoe based course objectives mandated by the State of Texas, but
goals that centered upon passing or making & good renorted similar implicit course objectives iah
grade in the course (e.0. ,fldhd ikid sHeRdR t mote® acPelsiie jand N €€ ¢
get an A in the classo). Tlhdable WB RidRfiedUfed thehfdd héndwk SsReqt © T h
course and centered aroun udehtEtS repbrititbit percebtibRof coutsk dh@&ivad S 0
performance in the course. - knowledge, practice, and performance. Most student
Comparison of Course Objectives responses support the knowledge theme (n=339)

Professor to syllabus. Both professors stressed students can identify the objective is to learn biology
course objectives which differed from those objectives  content, but other responses support the practice
listed in their course syllabi during their interviews. (n=30) and performance (n=41) themes.
For example, both professor gvé foant Pbbth Hrofésko¥s skrdssed enndédo ur s e
objectivesfocused on specific Biology topics intended  course objectives (making science more approachable,
for the course (Table 1), whereas their implied  critical thirking/life skills) when we compared the
objectives focused on themes of science perception, explicit course objectives in the syllabus to their
life skills, and making biology more approachable. As  responses in their respective interviews. When we
these implied course objectives were not includedin  c ompared studentsodé perception
the gllabi, the variability between implied and professor course objectives, students aligned more
explicit syllabusstated course objectives highlights  with the pofessor intended objectives rather than
how professors can not solely rely on their syllabus to  those explicitly stated in the syllabus. Specifically,
communicate all course objectives to students, butalso st udent s 6 perceptions of kK no
must rely on classroom actions to present riegy aligned the most with the professor objectives. Lastly,
objectives. we found few students could correctly identify the

Student to professor. Student questionnaire  explicit course objectives in the syllabus, which
responses of perceived course objectives (n=569) suggests many do not know where to access
aligned with professor intended objectives Knowledge  information about their course objectives as clearly

Summary
Both professors acknowledged the required

(n=539) (e. g., fiél r eal | gtated iotheir syllaba n concept and
applications in the teaching and in the class. and _. .

Practice (n=30) (e.g., ﬁP'ﬁCéJSS'OH_bint_% t o demonstrate
critical thinking skills). These findings suggest Our findings highlight the breakdown of

students recognized the pGoyRURIcaton belveen; piofegsary anpdsply, ¢ s e
objectives regarding skills and familiarity with science ~ regarding explicitly stated course objectives in syllabi. .
rather than the explicithgtated coums objectives Students?d inaccurate identi
outlined in the syllabus. This could suggest an objeptlves explicitly stated in the syllabus prqwdes

influence of the instruction practices used by the €Vi dence towards a disconnec!
professors. Both professors indicated their daily use of ~ inténded course objectives and those exyllabus

various classroom activities (e.g., lectures, active Stated course objectives. Given students incorrectly

learning activities, etc.) to reforce their intended identified e>_<pI|C|t syllabusstated course opjectlves, _

course objectives for their students. While the DBut did correctly identify t
intended objectives appeared to be the target of each COUrse obje_c_tlves, it is evident that instructors should
professorsod daily | essons SPgH qgaddfignal (limg aneffoy (fliscyssing and, ¢ he
students, neither professor transferred them to the @addressing course objectives presented solely in' the
syllabus. syllabus (Mitchell & Manzo, 2018). Qufindings

provide support forthe extant literature on the

Student to syllalsi Student reported perceptions disconnect between course syllabi and students, as our

of explicit syllabusstated course objectives were
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participants were unable to recall theourse
objectivestated in their syllabus (Aggar & Shelton,
2015; Becker & Calhoon, 1999; Collier &lorgen,
2008; Osueke et al., 2018).

It has also been shown that students have
difficulty recalling information presented in the
syllabus throughout the semester (Smith & Razzouk,
1993), and prefer having a syllabus that focuses more
on assignment detaiggd grading policies (Appling et
al., 2012). Our findings align with these conclusions,
as students had difficulty accurately recalling course
objectives, but reported their desire to have the
information they need to succeed in the class. In
contrast, insuctors believe a course syllabus should
serve to describe the
honesty policies, and student conduct policies (Wolf et
al., 2014). Creating course syllabi that meets the needs
of both students and instructors is ideal but can be
challenging and time consuming for an instructor.

While both our research and previous research
suggest listing course objectives in the syllabus alone
is not an effective form of communicating the
instructor's goals for the course, simply removing
courseobjectives is not a viable option due to a variety
of administrative requirements (Albers, 2003). It is
important for instructors to reflect on what outcomes
they want students to achieve and craft course
objectives that me et
goals, state or departmenmandated expectations
(Rubin, 2016; Schaub et al.,, 2017), and student
expectations and requirements.

Within the framework of Instructional
Communication Theory (Morreale et al., 2014) we
found the process of explicitly statingourse
objectives in syllabi is ineffective, as most students
(n=480) could not correctly identify course objectives
from the syl l abus.
accurate interpretation of course objectives as stated
by the professor does work whehe professor uses
other ways to communicate their course objectives
(e.g., using active learning activities in class). This is
evident t hrough t he
course objectives at the start of lecture and in
assignments (Appling et al2012). Given students
could accurately identify implied course objects based
on t he professorsé
recommend professors use other methods to
communicate course objectives to their students.

If students are not accurately interiimg the
intended course objectives that are outlined in course
syllabi, they may not achieve personal, professor,
department, or even Universitdesired outcomes for
the course. However, further research is needed to
determine how student performancenflienced by
their ability to accurately interpret course objectives.
Understanding how students use syllabi could be
insightful when planning instructional methods, thus

increasing the chances of student success in the course
(Bain, 2004; Becker & Calhogri999). Our findings
indicate that students recognized course objectives the
professors identified in their interviews over those
explicitly stated in the syllabus. This is most likely due
to the frequency and manner in which these ideas were
covered ande-enforced through classroom activity.
Therefore, we recommend professors clearly tie the
intended course objectives covered in class back to
those explicitly stated in the course syllabus to ensure
re-enforcement of the ideas covered through
classroom aivities and assignments.
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Abstract

Undergraduate research is a valudlel to demonstrate both the dedication and time required to be a
successful biologist. One area of research that has intrigued students over the last several years is cytotoxicity.
However, at smaller undergraduate institutions, the time, training, adihfuavailable for these research
studies may be limited. Direct counting of cells is tedious and leads to mistakes, and although there are now
several colorimetric toxicity assayspme have several steps and require-pedect pipetting skills. To

identify the most reproducible and affordable method(s) for undergraduate students to perfdrasexc||

toxicity studies, we compared three colorimetric assays to counting viable cells directly. Using a breast cancer
model system, students applied canthariditwo different breast cancer cell lines, MZlnd MDAMB-

231, and performed MTT, resazurin, and crystal violet colorimetric assays or counted viable cells directly.
We hypothesized that the MTT assay would be the most reproducible assay. Our mdmate that the

crystal violet assay was not as reproducible as direct counting of cells, and therefore, not the best assay to
use for toxicity tests. In contrast, the MTT and resazurin assays were highly reproducible and relatively low

cost, and thus idé assays for student research.

Key words: biology education; comparative study; higher education; cell viability

Introduction

Breast cancer is the second most common cancer
in the United States, with about 230,000 new cases
being discovered annually (www.cancer.org). Several
breast cancer cell lines exist for research studies,
including the welcharacterized MCH and MDA-
MB-231 cells (Berthois, Katzenellenbogen, &
Katzenellenbogen, 1986; Gupta & Kuperwasser,
2006; Harrell et al, 2006; Htilaire, Mandal,
Commendador, Mannel, & Derryberry, 2011). We
have used these cells in the past for testing of the
toxicity of chemotherapeutics as well as pesticides
(Kern & Schroeder, 2014; Jesionowski, Gabriel, Rich,
& Schroeder, 2015; Florian, Mansfield, & Schroeder,
2016; Waszczuk & Schroeder, 2017) Additionally,
other research has been published utilizing these as
model system for toxicity testing (Reardon et al.,
1999; Ukpebor, Llabjani, Martin, & Halsall, 2011,
Voborilova et al., 2011; Gurunathan, Han,
Eppakayala, Jeyaraj, & Kim, 2013; Han et al., 2013;
Gong, Goy, Olivo, & Yong, 2014).

Although a model system may be simpeselect,
the determination of the proper assays to monitor
responsiveness can be difficult. There are several
published and advertised cytotoxicity assays,
examining both basic viability as well as metabolic
activity. Henriksson et al. (2006) comparede th
amount of cell death observed using several assays,
including cell counting, }4,5-dimethylthiazol2-yl)-

2,5diphenyttretrazolium bromide (MTT), crystal
violet, and AlamarBlue (Henriksson, Kjellen,
Wahlberg, Wennerberg, & Kjellstrom, 2006). MTT
assaysgjuantify the conversion of a yellow tetrazolium
salt into purple formazan crystals using mitochondrial
enzyme succinate dehydrogenase, which will only
occur in viable cells (Riss et al., 2004; Niles, Moravec,
& Riss, 2009; Sylvester, 2011). The AlamarBassay
uses resazurin, a dye that shows both a colorimetric
and a fluorometric change depending on cell
metabolism, converting a blue dye to a pink color in
the presence of active cells (Henriksson et al., 2006).
Crystal violet is often used in microbialugies as a
Gram stain. Due to the complexity of the staining
process, it should detect only living cells. Dead cells
are rinsed away through several washing steps, and the
dye only stains the living cells after they have been
fixed to a microplate. Whilehis assay removes the
chance of misconstruing increased or decreased
metabolic activity as a direct consequence of increased
or decreased cell number, it has several additional
steps that can result in user error, especially for a
student inexperienced ipipetting. These errors
include washing away adherent live cells or not
thoroughly washing away excess dye. By comparing
the results of these differing assays, Henriksson et al.
found that the observed cell viability in cell line LU
HNxSCG7, which origirated from a head and neck
squamous epithelia carcinoma, was dependent on
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which assay was used (Henriksson et al., 2006).

To compare these assays, we wanted to utilize
both healthy, untreated cells, as well as cells exposed
to a toxin; thus, wevould be comparing the assays in
a method similar to how undergraduates would be
using them for data collection in a toxicityyle assay.
The chemotoxin used in this study was cantharidin,
which is produced by the blister beetle and is known
for its antitumor affinity (Efferth et al., 2005).

Cantharidin induces apoptosis through the p53
mechanism either intrinsically by causing
mitochondrial release of cytochrome C, or

extrinsically via activation of the caspase cascade
(Chang et al., 2008). Cantharidiltso causes oxidative
stress that provokes DNA damage (Li et al., 2010). We
have previously shown that cantharidin is a more
potent activator of cell death than other common
chemotherapeutics using an MTT assay (Kern &
Schroeder, 2014).

Historically, crysal violet and MTT assays have
been welpublished, with fewer studies using
AlamarBlue. Based on past experiences in our
research group, we hypothesized that there would be
issues with reproducibility in the more complex assays
(crystal violet), but thoseequiring minimal pipetting
would show fewer differences between replicates.
Additionally, our goal was to determine which
colorimetric assay best represented the number of
viable cells determined by direct counting.

Materials and Methods
Cell Culture andTreatment

MCF-7 cells were maintained in MEM media
with 5% calf serum, whereas the MEMB 231 cells
were maintained in DMEM media with 10% newborn
calf serum. During plating, cells were removed from a
T-75 flask using trypsinization. Cells were washed
twice with HBSS to remove residual serum proteins,
then treated with 1 ml 0.05% trypsin for 5 minutes at
37°C. Cells were removed from the flask using
physical perturbation. Media (10 ml) was added to the
suspended cells, and cells were evenly transferred int
a 96well plate with 100 pl suspended cells per well or
to a 6well plate with 1.5 ml of suspended cells per
well. Cells were allowed to adhere to the microplate
for approximately twentfour hours before treatment
with toxin began. For the cytotoxicitstudies, cells
were treated with either 500 nM to 50 uM cantharidin
or 1 uM to 100 pM cantharidin. Untreated cells were
replenished with fresh media on the day of treatment.
After the treatment exposure for 48 hours, the viability
of the cells was quantéd by cell counting or by using
colorimetric assays with MTT, resazurin, or crystal
violet.

Viability Assays

As a control assay, we counted viable cells
directly without colorimetric staining procedures.
Cells were treated in a-Well plate. Following
treatment, cells were washed with twice with HBSS.
Trypsin (0.05%, 0.5 ml) was added to each well and
cells were incubated for 5 minutes at °G7
Detachment from the wells was determined visually
and cells were pipetted into a-t8 conical. HBSS
(4.5 ml) wasadded to dilute residual trypsin and live
cells were counted immediately on a hemocytometer.
Eight squares of cells were counted for each treatment
and averaged within each individualpeximent.

In the crystal violet staining method, media was
removed ad 100 pL of 50% v/v iceold methanol
was added to each well for 10 minutes to fix cells.
After 10 minutes, the methanol was removed, and 50
pL of 1% wiv crystal violet was added to each cells for
staining. After 10 minutes, the dye was removed and
cells were rinsed twice with water to wash away the
excess dye and any poodyhered cells. The dye was
dissolved in 1% SDS, and the amount of stain
absorbed by the live cells was quantified with a
microplate reader at a wavelength of 540nm. Viable
cells were gantified by normalizing the absorbance
readings to the untreated control cells, set at 100%
viability.

For the MTT assay, 10 pL of 5 mg/ml MTT-(3
(4,5dimethylthiazol2-yl)-2,5-diphenyltetrazolium)
was added to the wells and placed in the incubator for
3 hours. After 3 hours of growth, the media was
removed and 200 pL of DMSO was added to each well
to dissolved the crystals (Riss et al., 2004). The plate
was then read on a microplate reader at 570nm. Viable
cells were quantified by normalizing the absorta
readings to the untreated control cells, set at 100%
viability.

For the resazurin assay, 20 uL of 0.15 mg/ml
resazurin was added to each well. After three hours of
incubation, the plate was read at 570 and 595 nm on a
microplate reader. Viable cells vee quantified by
subtracting the absorbance reading at 595 nm from the
reading at 570 nm, and normalizing to the untreated
control cells, set at 100% viability.

To ensure consistency during direct comparisons,
all three colorimetric assays were run by the same
undergraduate student, together on a single
microplate. All experiments were run in triplicate on
each plate, and thrgdates on different days were used
for each cancer cell line. Results were normalized to
the control within each replicate. Differences in
viability for compiled data were confirmed using a
betweers ubj ect t est and ANOVA
Least Significant ference poshoc test using SPS
(IBM SPSS Statistics 21, IBM CorpAramonk, NY,
USA). Significant variation frontontrols was
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represent standard deviation amsinigeplicates in a single experiment. A. Cells were treated in quadruplicate with
500 nMto 50 uM cantharidin for 48 hours followed by staining with crystal violet. Stained cells were quantified by
reading absorbance &40 nmin a microplate reader. Rdirepresent four separate experiments. B. Cells were
treated in triplicate with 1 uM to 100 uM cantharidin. After 48 hours, cells were stained using MTT, and the formazan
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Fig. 2. Cell counting assay to determine viability of breast caned#s after toxin treatment. MCF (A) or MDA-

MBA-231 (B) breast cancer cells were treated in triplicate with 1 uM to 100 uM cantharidin. After 48 hours, cells
were removed from the wells using trypsin, and eight sets of viable cells per well weredcmartually using a
hemocytometer. All results were normalized to the media control (0 nM/uUM treatment) for each individual experiment
(Expt). Error bars represent standard deviation amongst replicates in a single experiment. Results represent three
individual experiments run in triplicate; error bars indicate SEM. Statistically different viability compared to the
control is indicated (*, p<0.05).

indicated with a p<0.05. researchers to master; we have previously had
confusion about the validity of data setghen
repetitions of assays look completely different (Figure
1A). Early studet researchers in our lab utilized
crystal violetbased colorimetric assays (Rich et al,
2012), but results were sometimes contradictory from
week to week. For example, during the time thae
student showed large variations in viability (Fig. 1A),
a secod student was achieving high reproducibility
using an MTT assay (§i 1B, individual data sets from

Results

One of the main focuses of our research lab is
studying the toxicity of natural and mamade
chemotherapeutics using a human breast cancer cell
model.  However, one of the challenges with
undergraduate research is being able to discern when
discrepancies from hypothesized results are due to true
scientific dataversus user error. Consistency with
pipetting can be a difficult skill for undergraduate
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averaged data previously published in (Kern &
Schroeder, 2014)). Subsequent research using MTT or
resazurin assays were much more reproduéislall
students involved (Waszcuk & Schroeder, 2017;
Siegfried & Schreder, 2018).

Due to these large variations between replicates in
many crystal violet assays, we wanted to determine if
there was an optimal assay that undergraduate students
could utiize with both reproducibility and reliability.
Thus, a single undergraduate studesmpared three
colorimetric assays to a direct counting of viable cells.
Since we had recently published on the high toxicity
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Fig. 3.Crystal violet colorimetric assay to determinahility

of cantharidin using an MT-based assay (Ker&
Schroeder, 2014), we utilized that same toxin in this
comparison study and expanded our work to compare
these assays in two distinct breast cancer cell lines.

As our assay control, the undergraduate
researcher performed a cell counting assay. Two
different breast cancer cell lines were plated inte a 6
well microplate to facilitate easier removal than from
a 96well plate. After treatment with cantharidin for 48
hours, cells were removed by trypsinization and
counted using a hemocytometer. Figure 2 shthes
reduction in live cells for cantharidimeated MCF7
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or MDA-MBA-231 (B) breast cancer cells were treated in triplicate with 1 uM to 100 uM cantharidin. After 48 hours,
cells were fixed and stained with crystal violet. Stained cells were qeanlifi reading absorbance at 540 nm in a

microplate reader. All results were normalized to the
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experiment (Expt). Results represent three individual experiments run in triplicate; error bars indicate SEM
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using MTT, and the formazan ctgts were dissolved in DMSO prior to reading absorbance at 570 nM on a microplate
reader. All results were normalized to the media control (0 nM/uM treatment) for each individual experiment (Expt).

Results represent three individual experiments run itic@ige; error bars indicate SEM. Statistically different viability
compared to the control is indicated (*, p<0.05).

Volume 45 (1) May 2019Mangis, et al: Selection of an Optimal Cytotoxicity Assay for Undergradiae s e a récéhéé. .2.7.



We then tested the colorimetric assays in a single
microplate. As we had previously observed during
initial (and lesseproducible) studies, the crystal violet
assay did not indicate cell death (Fig. 3A). As the
concentration of cantharidin increased, no consistent
reduction in viability was observei either breast
cancer cell line tested. Results from individual
experments showed large variations with over a 60%
range in viability in some treatments in MQFcells,
such as for the 10 uM cantharidin treatment (Fig. 3A).
Only one of the 100 uM cantharidin treatments in
MDA-MB-231 cells showed cell death (Fig 3B).

In contrast, both the MTT and resazurin assays
(Figs. 4 and 5) showed decreases in viabitifter

treatment with cantharidin. FdWTT assays, low
variations between experiments were observed in
MCF-7 breast cancer cells (Fig. 4A). Significantly
less viability was observed in the averaged data for
both the 10 uM and 100 uM cantharidin treatments.
Less consistent results were obsdrier MDA-MB-
231, although all three individual experiments showed
lower viability with the 100 uM cantharidin treatment,
and the averaged data was statistically less than the
control for the 100 pM cantharidin treatment (Fig.
4B). Similar results were sbrved with the resazurin
assay (Fig. 5). However, both cell lines showed more
reproducible results for all three individual
experiments
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Fig. 5.Resazurin assay to determine viability of breast cancer cells after toxin treatmen?. (AL&r MDA -MBA -

231 (B) breast cancer cells were treated in triplicate with 1 uM to 100 uM cantharidin. After 48 hours, cells were
stained using resazurin, and viable cells were quantified by reading absorbance at 570 nm and 595 nm. All results
were normalized tthe media control (0 nM/uM treatment) for each individual experiment (Expt). Results represent
three individual experiments run in triplicate; error bars indicate SEM. Statistically different viability compared to the

control is indicated (*, p<0.05).

Discussion

When determining whether compounds affect cell
viability or cause cell death, several methods are
available. One can test for the structural integrity of
the nucleus or mitochondrial membrane, examine ATP
and ADP levels, or stain cellgsing a variety of
methods. However, in many research labs funding can
be difficult to obtain, especially when performing
research at smaller institutions, where performance
earning is still as highly valued as at larger, Tier 1
research institutions. lthese situations, it may not be
feasible or affordable to purchase a cell counter,
fluorescence microscope, or tritiated thymidine, much
less train undergraduate students in their use. In these
cases, other options must be examined.

Although a direct counting of cells may be the
most accurate, there are drawbacks to this method.
First, counting of the cells requires eitlemunting of
the entire well, or removal of cells via trypsinization

This can result in some damage to the cells, reducing
the amount of counted cells. While this may be
accounted for in normalization to a control (assuming
the same amount of damage ocdnmll wells), it does
require more media and disposabpdasticware,
adding a cost increase to the experiment. It would take
sixteen 6well microplates to test the same number of
wells as in a 96vell plate. For stoclbrand tissue
culture treated dispobbe plates from many suppliers,
this can increase the cost of a single experiment from
less than $2.50 to greater than $20. Additionally,
trypsinization may not yield adequate dissociation for
all cell types and may, in fact, alter the cells in the
subculure (Chaudhry, 2008; Park et al., 2008; Zhang
et al., 2012). Beyond this, there is af@@l increase in
surface area in a-@ell plate; this requires more cell
culture resources per treatment. We have routinely
assisted colleagues in assessing chemicastoacts
made in very low quantities that we would be unable

Volume45 (1) May 2019Mangis, et al: Selection of an Optimal Cytotoxicity Assay for Undergradiae s e a récehéé. . 2. 8.



to perform replicates on were we to use only the cell
counting method (unpublished data).

Thus, colorimetric assays have become #aogo
method for testing cell proliferation and death.
throughot the years, several experiments have used
crystal violet as an effective method for testing of
toxins and chemotherapeutics (Henriksson et al.,
2006; Geserick et al., 2009; Feoktistova, Geserick et
al., 2016a; Feoktistova, Wallberg et al., 2016b). Our
dat refutes those experiments. In our experience, the
crystal violet assay may not be as effective for toxicity
testing, since when using the crystal violet assay,
much less cell death was quantified than with the MTT
and resazurin assays in adjacent welsssible
sources of error, with the crystal violet assay in
particular, may include scraping or blowing the cells
off the bottom of the plate with the pipette tip. Another
possible source of error may include overpopulation of
cells in the flask while groing. Also, the crystal violet
assay tests how many viable cells are left after
treatment, but staining is done with filtered dye after
first fixing the cells. Rinsing is a key step to accurate
readings. If proper rinsing of debris and dead cells was
not caducted before dyeing the cells, or any
precipitated dye remained in the wells after staining,
an overestimation of cell viability would have
resulted.

To eliminate some of the sources of variation
(pipetting and rinsing errors), MTT and resazurin
based ssays could be utilized. Mueller et.al. indicated
that MTT may, in particular, serve as a preferred
method for higkthroughput screening of cytotoxic
agents (Mueller, Kassack, & Wiese, 2004), while
Borra et.al. showed that resazurin use can provide
accura¢ assaying of mitochondrial activity at a low
cost to the researcher (Borra, Lotufo, Gagioti, Barros
Fde, & Andrade, 2009). In our own work, the cost of
an MTT assay is approximately $4 per plate, with over
half of that cost due to the disposable plastiewa
Resazurin assays are even less expensive, as the
resazurin salt is low cost (less than $30 per gram) and
less than 3 mg is used per plate. However, there are
several limitations to these protocols. While the
resazurin assay does not require any rongh cells
and thus may be able to be used for suspension
cultures, both the crystal violet and MTT assays do
require at least one rinse step. For a suspension culture,
this would require repeated pelleting of the cells,
which would risk damage or loss etll material.
Thus, these assays are better suited for adherent cells.
As an additional complication, the type of toxicant
being studied may also interfere with these reagents.
Angius et. al. demonstrated that MTT has an affinity
for lipids, and thus anyoxicants applied through a
liposome method may interfere with proper

absorbance of MTT by the cells (Angius & Floris,
2015). MTT has also been shown to interact with fat
soluble compounds such as flavonoids and the vitamin
E i s o-twmepherol (Peng, Wan & Ren, 2005;
Lim, Loh, Tring, Bradshaw, & Allaudin, 2015). Free
thiol groups can also reduce MTT to formazan
(Shoemaker, Cohen, & Campbell, 2004).

Unlike the crystal violet assay, both the MTT and
resazurin assays in both M@Fand MDAMB 231
cell lines were able to indicate a reduction in metabolic
activity, and this was attributed to a concurrent
reduction in viability. This was highly reproducible,
especially within MCF7 cells. As an added benefit to
undergraduate research, the resazurin assay dhetho
has fewer steps than the MTT assay method. For
inexperienced pipettors, the resazurin assay may be
ideal. However, there is one drawback to this protocol.
Since the dye is added directly to the media, any
components present in the media or in any tolx@isg
tested could interfere with the colorimetric assay
(O'Brien, Wilson, Orton, & Pognan, 2000; Simeonov
& Davis, 2004). This includes coloration within the
additives as well as pH variations that could alter the
resazurin dye. In these cases, a moréng@tassay
may be the MTT assay, which still exhibited high
reproducibility. We were faced with this issue within
our own recent research, where the toxins being
studied (essential oils) were colored and created a
color artifact that interfered with the s&zurin assay
(Siegfried & Schroeder, 2018). Thus, an M&3say
was utilized as all of the colored oils were removed
from the wells prior to the addition of the MTT dye.

Although these methodologies are generally
accepted as reflecting the number of lielpresent,
they do this through an assumption that metabolic
activity remains constant across that cell population.
Both resazurin and MTT assays rely on the conversion
of the dye through increased redox activity. An
increase in the amount of conversianay be
accomplished not only through the presence of more
cells, but also through a rise in the metabolic activity
of a stable cell population. The majority of the redox
activity involved in the conversion is attributed to
mitochondrial NADH and NADPH, Hu these
coenzymes are also able to reduce the dyes
extracellularly as well as outside the mitochondria or
even external to the cell itself (Bernas & Dobrucki,
2002; Uzarski, Divito, Wertheim, & Miller, 2017).
Likewise, the presence of redox inhibitors casult in
a drop in formazan production even if cellular levels
remain constant (Stepanenko & Dmitrenko, 2015;
Shenoy et al.,, 2017). Resazurin has been indicated
previously as a more reproducible, and thus more
accurate, determinant of cell viability (varonder,
Joubert, & Cromarty, 2015). However, nonlinear
growth of cells can result in inaccurate resazurin
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correlations (Mallick, Scutt, Scutt, & Rolf, 2009;
Quent, Loessner, Friis, Reichert, & Hutmacher, 2010;
Rampersad, 2012). Thus, while these colorimetr
assays can still be utilized as a general means of
determining viabity, conclusive changes in cell
number may be determinant upon the assay
conditions. We have observed these differences in our
own study, where a direct counting of cells identified
areduction of viability under much lower cantharidin
concentrations than was indicated by the metabolic
assays (compare Figure 2 to Figures 4 and 5). Thus,
we recommend that both resazurin and MTT are still
feasible and economically preferential options for
determination of cell viability in undergraduate
research projects, as much of the literature and
company advertisements claim. However, if
financially practical, a concomitant counting of cell
number would add to the study, and might allow
students to &@se out the differences between viable
and metabolically active cells.
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Abstract

Evidence of the effectiveness of active learning has resulted in a shift isgoostdary classrooms towards
studenicentred teaching, often relying heavily on p&epeer interactions. While the overall benefit of these
teaching methods is established, it remains unclear whether qibguitations of students benefit similarly. Given
the intensive peeto-peer nature fogroupbased activdearning approaches, we questioned whether introverted
students are at a disadvantage in these algaraing classrooms. To explore this question, we examined how
course performance, peevaluation scores, and affective measuresafse experience differ for introverts,
ambiverts, and extroverts in two actikarning classrooms over two years. Our results show no disadvantage in any
of the measures explored for introverted students; introvert, ambivert and extrovert studentepdeztpually well,
received comparable ratings by peers, and reported similar affective attitudes towards our courses. Despite the
intensive use of peer discussion, with permanent groups that were highly integrated into each class,-basepoup

activelearning classrooms did not favor extroverts nor disadvantage introverts. We explore reasons why our results

differ from other studies that find introvertstldents enjoy group work less.

Introduction

Overwhelming evidence of the benefits of active
learning across disciplines and contexts in higher
education has been well establis{édeeman et al.,
2014; Hake, 1998)Active learning is a broad term
capturing any teaching method that involves students
in their learning by doing mie than listening and
taking notegBonwell & Eison, 1991; Felder & Brent,
2009) In activelearning classrooms, students are
often expected to construct their knowledge through
discussion and debate with pe¢@ouch & Mazur,
2001) While interactions with peers arderf a crucial
component of active learning, the extent of these
interactions
neighbour, to working extensively in permanent
student groups for a semester. Evidence of the benefits
of active learning have resultedh ia widespread
movement towards incorporating active learning,
including peeitto-peer learning, into postecondary
classrooms.

While the importance of active learning is well
known, it is not clear whether certain types of students
are pivileged over others in active learning
classrooms, particularly given the importance of peer
to-peer interactions. Most studies examining the
impact of active learning measure average learning
gains, or average increases in class performance
measures. Wit an average increase, some groups of
students might experience smaller increases than
others, placing them at a disadvantage. Alternatively,

it is possible that certain students may have reduced
performance, but the success of other students
overwhelms tfs response when averaged. This
disparity may be particularly true if the decrease in
performance occurs for those students who are in the
minority. For exampleEddy et al. (2015pxamined

the roles of gender and race/ethnicity/nationality in the
preferred roles of students in peer discussions in
activelearning classrooms. Both gender and
race/ethnicity/nationalitymnpacted the preferred roles
students selected in peer discussions, with females
preferring not to take leadership roles in groups and
minorities preferring to be listeners in group
discussions. Additionally, increased focus on working

c an -swharrye 6f rwd iR 3e&4 thh e theriRgddr IGBTQIA students,

for whom the activdearning classroom may not be a
welcoming or accepting pladg€ooper & Brownell,
2016) Now that we understand the overall positive
impact of activdlearning approaches, it is important to
explore the nuances of learning within these contexts
to ensure that some students are notinge
disadvantaged while other students thrive. In our own
teaching, we have questioned whether introverted
students may be at a disadvantage in active,- peer
discussiorbased learning environments. Like many
other postsecondary instructors, we have both
recently Aflippedd our -cl
intensive approach to an actilearning approach in
which students spend much of their class time working
in permanent small groups. We wondered whether this
change would disadvantage
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