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Critiquing lab technique videos prior to class: can
it improve demonstrated technique?

Stephanie M. Tenney, Arlene A. Russell and Jennifer R. Casey *

During COVID-19 remote instruction, instructors were tasked with providing students with authentic

laboratory experiences in an out-of-classroom environment. One solution developed for our

introductory general chemistry laboratory involved students critiquing readily available technique videos

to distinguish between correct and incorrect laboratory technique. After returning to in-person labs in

Fall 2021, we incorporated this assessment into the pre-lab assignments in an effort to reduce the

cognitive load of learning a new technique. Here we explore whether this critical-review exercise

translates into improved technique as measured by precision and accuracy when using a 10 mL

volumetric pipet. Additionally, we consider the impact of the pre-lab assignment given the involvement

level of the TA, as some TAs are more willing to provide feedback on student technique during the lab

period. We found that while students self-report the exercise as useful towards their learning, there are

no significant changes in performance for most students. We did, however, find a reduction in the

overall outliers and saw improvements when additional feedback (through a TA) was provided as well.

These findings indicate that the exercise may be most useful for students who make large errors and

who receive little individualized feedback.

Introduction

The development of laboratory skills is a critical aspect of STEM
undergraduate education. For instance, in order for a chemistry
department to grant an ACS-certified bachelor’s degree, students
must complete 400 hours of laboratory work (Undergraduate
professional education in chemistry: ACS guidelines and evalua-
tion procedures for bachelor’s degree programs, 2015). The
chemistry lab is viewed as a place where important skills can be
developed, such as problem solving, safety awareness, commu-
nication, and teamwork. While there may not be complete con-
sensus on the purpose of laboratory practice (Reid and Shah, 2007;
Seery, 2020), many agree that lab is a place where students can
learn technical skills (Bruck and Towns, 2013; Connor et al.,
2023). The focus on the development of technical skills is to
ensure that graduates can safely and accurately work in a labora-
tory environment, as dictated by the Quality Assurance Agency
(The Quality Assurance Agency for Higher Education, 2022).
Unfortunately, employers often feel that graduates do not possess
these required skills (From analysis to action: Undergraduate
education in science, mathematics, engineering, and technology,
1996; Hanson and Overton, 2010; Sarkar et al., 2019).

Much effort has been directed at improving the technical
skills of students. According to a comprehensive review con-
ducted by DeMeo, this includes performing live demonstra-
tions, providing opportunities for practice, assigning pre-lab
activities, and engaging in ‘‘elbow instruction,’’ where an
instructor observes students as they work and corrects errors
accordingly (DeMeo, 2001). The use of pre-lab activities has
been particularly popular, given that the preparation availed by
the pre-lab may allow for more meaningful learning to occur
during the lab itself (Johnstone, 1997). While pre-laboratory
assignments vary in terms of focus, those designed to introduce
lab techniques frequently utilize video demonstrations of
equipment usage. Many studies indicate that assigning pre-
lab activities can be beneficial; students who complete pre-lab
assignments tend to be more efficient in the lab, receive higher
assessment scores, and feel an increase in self-confidence
(Nadelson et al., 2015; Canal et al., 2016b; Jolley et al., 2016;
Stieff et al., 2018). These benefits of prelab activities have been
attributed to a reduction in the cognitive load for students
when they enter the lab itself (Agustian and Seery, 2017). With
that said, it is unclear if these efforts are resulting in better lab
technique. A recent study done by Sanchez applied quality
control methods to assess student laboratory results (Sanchez,
2022). The labs under investigation required the use of basic
laboratory skills (e.g., weighing, solution preparation, use of
volumetric equipment), yet a surprisingly large number of
results were considered incorrect or questionable—despite
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the fact that students were enrolled in upper-division lab
courses and had received 240 to 330 hours of lab training.
The primary source of error came from poor lab skills, either
from improper weighing procedures or the incorrect use of
volumetric glassware.

Part of the difficulty stems from misalignment between
instructor goals and assessments. Lab technique is often not
evaluated nor graded, making it difficult for students to recognize
the importance of mastering these skills (Seery, 2020). While
instructors see the lab as a place to improve technical proficiency,
students tend to be more concerned about finishing the lab
quickly, thereby forgoing opportunities to improve their techni-
que (DeKorver and Towns, 2015). In an attempt to address this
issue, some instructors have begun to explicitly incorporate skills
assessment into the laboratory. This includes the lab practical
(Hancock and Hollamby, 2020), digital badging (Towns et al., 2015;
Hensiek et al., 2016; Seery et al., 2017), and structured chemistry
examinations (SChemES) (Kirton et al., 2014). While the imple-
mentation varies for each of these methods, they all require
students to demonstrate specific lab skills, either in person or
through videos.

Motivation

With the start of the COVID-19 pandemic and the abrupt
transition to remote learning, chemistry students around the
world were denied the key essence of lab: ‘‘the lab must allow
students to make [their own] observations and measurements
and then seek to interpret them’’ (Reid, 2021). Despite our best
efforts, our students were unable to practice important manip-
ulative skills such as quantitatively transferring materials or
making solutions of precise concentrations. In the absence of
in-person labs, lab faculty at our university fell back on the
40 year-old practice of showing students how to do the lab via
videos – an instructional practice pioneered by one of the
authors (Russell and Mitchell, 1979). We embedded videos into
our learning management system (LMS) and had students view
them prior to analyzing instructor-provided data; however,
students were unable to assess the mastery of their technique
through the accuracy and precision of their own data.

In an effort to better align our teaching beliefs with our
practices, we changed the modality of the video instruction so that
students could evaluate multiple videos using a detailed task
inventory that identified the many nuanced and subtle steps
involved in mastering a specific technique. Students were shown
two to three videos of people demonstrating the use of a particular
piece of equipment (e.g., volumetric pipet, volumetric flask); one
of these videos was an exemplar, while the others contained a few
small mistakes. Students then used a task inventory to evaluate
the accuracy of the technique demonstrated in the video (see
Appendix 1 for an example task inventory).

When in-person classes resumed, we were interested in
continuing the critiquing of lab technique, but now as part of
a pre-lab report. Prior student data showed wide deviations in
both accuracy and precision–results that far exceeded the

manufacturer’s tolerance for the equipment and gave rise to
results that were difficult to interpret. Our hypothesis was that
by breaking the skill down into manageable steps and providing
an opportunity to work with this information prior to entering the
lab, students could then focus during the lab on putting all the
steps together in order to achieve high accuracy and precision.
While digital badging has been used in large laboratory courses to
encourage better technique (Towns et al., 2015; Hensiek et al.,
2016), we were interested in determining if a more manageable
intervention could achieve positive results as well. A similar
experiment was performed by Accettone et al., where students were
given two technique videos, one of which showed the technique
performed properly while the other video contained mistakes
(Accettone et al., 2023). Students were asked to distinguish between
the two videos, as well as identify the errors and the potential
consequences of these errors. Students viewed the activity positively
and generally reported feeling more confident in performing the
technique in lab, but the study did not determine whether specific
techniques improved as a result of the intervention.

The majority of studies interested in improving student
technique focus on student experience (Towns et al., 2015;
Canal et al., 2016b; Hensiek et al., 2016; Jolley et al., 2016;
Seery et al., 2017), and for those studies that do consider
technique as an outcome, the emphasis tends to be on general
observations and analysis of a final result that relies on a
combination of techniques (Kempa and Palmer, 1974; Canal
et al., 2016a; Stieff et al., 2018). For this reason, we wanted to
investigate the impact our intervention had specifically on
student mastery of a particular technique. We chose the use
of a 10 mL volumetric pipet since this is a critical skill that
students are known to struggle with (Prichard, 1999; Sanchez,
2022), and the accuracy and precision can easily be determined
and is directly connected to correct usage of the equipment.

Theoretical framework

The design of the intervention was based upon the principles of
cognitive load theory (CLT). It is understood that the cognitive
load of a task is related to both the interactivity of its elements
as well as the manner in which it is taught. Intrinsic cognitive
load is related to the complexity of the material itself, while
extraneous and germane cognitive load are related to how
the material is presented. While extraneous cognitive load is
caused by distractions to learning, germane cognitive load
focuses on enhancing processes which benefit learning.

The laboratory is well known for being an environment that
can induce cognitive overload, and this is in fact one of the
reasons why pre-laboratory activities are commonly implemen-
ted (Johnstone and Wham, 1982; Johnstone, 1984). But in
watching a technique video, a student must assimilate multiple
individual manipulative steps each with its own set of sub-
technique procedures. Even more challenging, students must
distinguish these specific steps themselves. The hope is that
students can separate the ‘noise’ from the ‘message’, but that
can be quite challenging for a novice.
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The use of a task inventory for critiquing pipetting techni-
que was done in an effort to direct students’ attention to the
important procedural steps, thereby reducing extraneous cog-
nitive load and increasing germane cognitive load. The idea of
using an organizer, such as the inventory used here (see
Appendix 1), is a well-known technique in CLT (Ausubel, 1963;
Robinson et al., 1998). It has also been shown that sequencing
tasks into isolated elements can improve learning, especially
for novices (Pollock et al., 2002). While pipetting may not seem
to be a particularly advanced technique, it does require high
element interactivity – the ten steps can be written out as
separate items, but all ten steps must be perfectly executed
together in order to achieve high accuracy and precision. By
using an ‘‘isolated elements’’ procedure, we provide students
with an initial opportunity to familiarize themselves with the
technique, so that they can then focus on the process of
interacting elements once in the lab.

The use of an exemplary video followed by a video containing
minor errors was based in part on work by Hendry, which high-
lights exemplars as a means for students to better understand
expectations before performing a task (Hendry, 2013; Hendry and
Anderson, 2013). Additionally, including a video that contained
errors simulates the process of peer review, which can engage
students in reflection on their own work (Nicol et al., 2014).

Research question

Does prior critiquing of a technique using a task inventory
translate into improved technique (as measured by precision
and accuracy when using a 10 mL volumetric pipet) compared
to passively watching an exemplary video?

Methods
Study setting

The study occurred at a large public research university in the
southwest United States during the Winter 2019 and Fall 2021

quarters. The study focused on the first chemistry laboratory
class taken in the chemistry series designed for Life Science
majors. The breakdown of students was: 11.3% first year, 68.0%
second year, 18.4% third year, and 2.3% fourth year for Winter
2019, and 3.5% first year, 75.4% second year, 17.2% third year,
and 3.9% fourth year for Fall 2021. This course is not necessa-
rily taken concurrently with general chemistry lecture; the
second quarter of general chemistry lecture is a co- or pre-
requisite. The course consists of a 50 minute lecture and a
170 minute lab each week during a ten-week quarter. The
lecture is focused on exploring the chemistry concepts behind
the experiments, while the lab section is focused on perfor-
mance of the experiments and data collection. The lab sections
are run by graduate teaching assistants (TAs), who usually give
a short (B10 min) presentation on the experiment before
students begin. Data analysis is done outside of the lab, and
lab reports are submitted weekly. The course consists of a
midterm and final exam but does not involve any lab practical.
IRB (#21-001672) classified the collection of student data and
TA observations in this study as exempt.

Pipetting experiment

The pipetting assignment (Fig. 1) begins by first practicing the
transfer of water using a 10 mL volumetric pipet. Once students
feel they have had sufficient practice, students (1) weigh three
empty vials on an analytical balance, (2) transfer a 10 mL
aliquot of water to each vial using the 10 mL volumetric pipet,
and (3) re-weigh the vials that now contain the 10 mL aliquots
of water. During the lab section, students record the mass of
the empty vials, the mass of the vials with the 10 mL aliquot of
water, and the temperature of the water. In the post-lab report,
students are asked to convert the mass of water transferred to
volume using the appropriate density given the water tempera-
ture, and then to calculate the average volume transferred as
well as the percent relative average deviation (%RAD). Regard-
less of the values they obtained, students could receive full
points simply by correctly interpreting the accuracy and preci-
sion of their data. They were made aware of this policy prior to

Fig. 1 The comparison of two student groups evaluated in this study. The control group was shown a single technique video at the start of lab while the
treatment group completed a critique of two technique videos before attending lab. Both groups completed the same pipetting lab and calculated the
same values in their post-lab assignments.
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turning in the post-lab to discourage them from recording false
measurements.

Implementation of video critique pre-lab assignment

In Winter 2019, the lecture and lab sections were taught in-
person. The pre-lab assignment for the pipetting assignment
consisted of filling in a partially completed flowchart and
noting what values would be recorded during the lab period
as well as what calculations would be required after completing
the lab work. During the lab period, the TAs were instructed
to show an exemplary technique video on pipetting before
students attempted to use the equipment themselves
(Use of A Pipette Pump, n.d.). This cohort contained 434
students and will be known as the ‘‘control group.’’

In Fall 2021, the lecture and lab sections were also taught in-
person. The pre-lab assignment for the pipetting assignment
consisted of a drag-and-drop flowchart, followed by two tech-
nique videos (both were implemented through our university
LMS). Students were asked to watch the technique videos and
then analyze them using a provided task inventory (summary in
Table 1, full inventory in Appendix 1). Every student was
assigned the same exemplary video used in Winter 2019
(Use of A Pipette Pump, n.d.). The second video was randomly
assigned from a series of online published videos (Lab
Technique Video, 2014; The Volumetric Pipet and Pipetting
Technique, 2014; Calibration and Use of a Volumetric Pipet,
2017; General and Organic Chemistry – Use of a Pipet, 2017).
Links to these videos are provided in their references. Students
had a week before their lab section met to complete the pre-lab
assignment, and three attempts to show mastery of the assign-
ment without penalty. The TAs were not asked to show the
students any technique videos during the lab section. This
cohort contained 451 students and will be known as the
‘‘treatment group.’’

Collection of student data

Although students calculated the average mass and %RAD
within their post-lab report, the raw values recorded for weight
of water were tabulated for each student, and the %RAD and
average mass were recalculated for this study to avoid potential

student calculation errors. A temperature of 20 1C was
assumed. Student feedback about the usefulness of the pre-
lab assignment was collected through an instructor-designed
anonymous mid-course survey with a 70% response rate.

Data analysis

Statistical analyses were performed using R version 4.1.1. A two-
tailed independent t-test was conducted to compare both the
accuracy and precision of student data from Winter 2019 and
Fall 2021 and a p value of o0.05 was considered statistically
significant. Extreme values were defined as greater than 3� the
manufacturer’s tolerance of the pipet, to provide a standardized
range for comparison across distributions. Outliers were also
identified by finding values both above and below 1.5� the
interquartile range but were not removed from the data
reported in the main text figures since they are informative
about whether the pipet was used properly or not (see the
Appendix for the analysis excluding outliers, although general
conclusions remain the same). Chi-square analysis was done on
the breakdown of student results into categories based on the
number of goals they met, and a p o 0.05 was considered
significant. Cramer’s V was used to measure the effect size.
Logistic regression was conducted to test the association
between TA involvement and student performance for the
treatment group only. The odds ratio represents the odds of a
successful outcome in one group compared to another, in this
case reaching their expected accuracy or precision target as
determined by the tolerance rating of the volumetric pipet.
A p o 0.05 was also considered statistically significant for these
odds ratios.

Positionality statement

We acknowledge that the identities and experiences of
researchers influence their work, both implicitly and explicitly.
We come into this work in various ways. All three authors hold
PhDs in the field of Chemistry, although SMT was a graduate
student during the time of the project. JRC and AAR are instruc-
tional faculty and have prior experience with discipline-based
education research. Our social identities include women (AAR,
JRC, SMT) and White (AAR, JRC, SMT).

Results and discussion
Impact of video critique on student pipetting technique

In order to determine whether actively critiquing technique
videos is a more effective primer for learning lab skills than
passively watching an exemplary video, we compared student
results after implementation of the critique to a control group
of students who completed the traditional pre-lab assignment
(Fig. 1). We chose to conduct this study for the first laboratory
experiment in the course because the quantitative results
obtained by the students can be directly correlated to the
quality of their pipetting technique. The average mass of water
(%x) delivered provides us with a measure of how accurately
a student used the 10 mL volumetric pipet. Although the

Table 1 The ten steps for pipetting that were incorporated into the task
inventory for student evaluation during the pre-lab assignment

Step
number Task

1 Check to see if the pipet is clean
2 Rinse the pipet with solution to be transferred
3 Place the pipet pump onto the pipet
4 Draw the liquid above the calibration mark
5 Wipe off the outside of the pipet tip
6 Lower the liquid level to the calibration mark
7 Touch the pipet tip to a dry wall of the container holding

solution
8 Transfer the pipet to the receiving vessel and release

pressure
9 Allow the pipet to drain freely while touching the

wall of the receiving vessel
10 Leave the residual fluid in the tip after draining pipet
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temperature, which affects the water density, was not rigorously
held constant across each laboratory room, we discount the
negligible contribution of temperature fluctuations to error
(details in Appendix 2) and generally expect the 10 mL volu-
metric pipet to deliver 10.00 � 0.02 mL (or 9.98 � 0.02 g).
Similarly, the percent relative average deviation (%RAD),
eqn (1) is a measure of the spread in a data set, and as such
it provides us with information on the precision of the
collected data.

% RAD ¼

Pn
i¼1

xi � �xj j

n
� 100 (1)

The lower the %RAD, the more consistently the student used
the 10 mL volumetric pipet across the three trials. With that
said, the student could still be pipetting improperly (low
accuracy), yet just doing so in a reproducible way. The 10 mL
volumetric pipets used in this experiment had a manufacturer
precision of 0.2%.

Examining the interquartile range of the student data for
both the control and treatment groups reveal that the majority
of students are near the expected values, but outside of the
desired range (Fig. 2a and b, full distributions with outliers
shown in Appendix 3, Fig. 5). There was not a significant
difference in the average mass between the control and treat-
ment groups (p = 0.50), but the mean was closer to the target
(9.98 g) in the treatment group at 9.95 g compared to 9.92 g in
the control. The statistics are summarized in Tables 2 and 3.
Similarly, there was not a significant difference in %RAD for
treatment and control groups (p = 0.17) but the same trend of
an improvement in the mean is observed. In the treatment
group, the mean %RAD was 0.627% compared to 0.967% in the
control group. Overall, a greater portion of students are within
the acceptable range for precision than accuracy, which may
indicate that students are prone to making an error but doing

so consistently for each trial. For both average mass and %RAD,
the median is nearly unchanged by the implementation of the
video critique exercise, indicating that the exercise does not
seem to have a strong impact for the class as a whole.

Since our goal of this study is to help students pipet both
accurately and precisely, it is also important to evaluate if
students are improving on only one or both metrics. If we
classify each student’s data as either agreeing with the expected
value or not, we can categorically group students by whether
they met one or both of their targets (Fig. 2c). Overall, B40% of
students met neither target, while less than 15% met both
targets. The remaining students only met a single target, the
majority of which was precision (B40%) as opposed to accuracy
(B6–7%). We did find about a 1.7% reduction in students who
met neither of their targets with implementation of the inter-
vention, a 1.1% increase in accuracy only, a 1.2% reduction in
precision only, and a 1.8% increase in both. We tested the
association between video critique treatment and categorical
performance breakdown with a Chi-square test for indepen-
dence and found no statistically significant effect (w2 = 1.24,
p = 0.7, V = 0.02, details found in Table 4 and Appendix 4).

Because we found no significant improvement, the video
critique exercise does not seem to address the errors that most
students seem to be making. Given that the median for
accuracy was very close but just under the target, it is possible
that the consistent inaccuracy comes from incorrect lowering of
the meniscus or from droplets being left behind on the walls of
the pipet. We observed some students during the experiment
and noted that the most commonly skipped steps were the
rinsing of the pipette and drawing the meniscus above the line
before carefully lowering it to the correct volume. In post-lab
feedback, many students noted that they would set the menis-
cus level while the pipet tip was submerged, but it would lower
when they lifted the tip out of the water for transfer (leading
them to deliver slightly less). This was not discussed in the

Fig. 2 The overall distributions of student data for the control group (no video critique, grey) compared to the treatment group (video critique, blue). (a)
The average mass informs about the accuracy while (b) the %RAD informs about the precision of pipet measurements. Only the interquartile ranges are
shown to highlight the acceptable range of values if the pipet was used properly (red shaded region), with the red line indicating the expected value (full
distributions are shown in Fig. 5). The target mass was calculated assuming a room temperature of 20 1C. The dashed lines and arrows indicate the
regions where data were assigned as ‘‘extreme values,’’ quantified as 3� the manufacturer’s tolerance of the pipet. (c) The categorical breakdown of
student outcomes. Each student’s data was evaluated as whether it fell within the acceptable range or not and then subsequently categorized by how
many targets were met. The percentage of students within each category is given within the bars.
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videos and can explain why B75% of students deliver under the
expected value.

While most students are already near their targets and see
little to no impact from the video critique implementation, this
exercise may be effective for students who would otherwise
make large procedural errors and collect outlying values as
data. We first classified a set range for ‘‘extreme values’’ (Fig. 2a
and b, dashed lines and arrows) as 3� the accepted manu-
facturer’s tolerance of the pipet (more details in Table 2). This
removes the dependence of outlying values on the IQR as the
distributions may encompass a different spread in values.
We found that the percentage of students with extreme values
reduces with implementation of the video critique exercise
from 37% to 33% for average mass and 21% to 17% for
%RAD, although these differences are not significant
(Table 2). We also evaluated outliers, classified as greater than
1.5� the IQR. Similarly, the percentage of students with out-
lying data reduces with implementation of the video critique
exercise from 16% to 14% for average mass and 13% to 10% for
%RAD (Table 2). The reduction of outliers has been seen
in other pre-lab interventions and may by itself be an important
finding (Canal et al., 2016b). A study investigating common
sources of struggle in the laboratory found that one major
concern is when tools did not perform as expected (Keen and
Sevian, 2022). The authors found that students’ common

response was to assume the tool was broken or guess about
the expected result rather than addressing the origin of the
discrepancy. It can be difficult for a student to draw meaning
from an anomalous result, so reducing these types of outliers is
certainly a desired outcome.

Overall, we did not find any significant evidence of improve-
ment in student performance with implementation of the video-
critique exercise. Our results show that there may be some effect if
considering the percent of ‘‘extreme values’’ reported, but in
general the median student performance remains similar. Given
that students are still performing outside of the expected toler-
ance of the pipet, it seems our efforts to reduce the cognitive load
required during the experiment were insufficient and students
still struggled to master the overall skill.

The association between teaching assistant involvement and
technique performance

According to Johnstone’s ten commandments, meaningful
learning requires feedback and assurance in addition to limit-
ing the amount of information to be processed (Johnstone,
1997). Another intent of the intervention was to mimic the
process of engaging in feedback, yet this approach may have
been insufficient. Rather than try to incorporate a more time-
intensive intervention such as digital badging, our hope was
that implementing the critical evaluation of technique videos
would provide some form of evaluation that could potentially
offset the lack of structured feedback.

Despite our best efforts to standardize all lab sections, we
recognize that variability in the level of TA-student interaction
remains. While our hope is that the TAs, who undergo a ten-
week training process and work with no more than 20 students
in a lab section, would provide some elbow instruction to
students, we recognize that may not be the case. Yet given that

Table 2 The statistics describing the distributions for accuracy and precision for the control and treatment groups. All of the students within each group
are included in this dataset

Measurement Accuracy Accuracy Precision Precision

Video implementation No (control) Yes (treatment) No (control) Yes (treatment)
Sample size 434 451 434 451
Mean 9.92 g 9.95 g 0.976% 0.623%
Median 9.94 g 9.94 g 0.179% 0.187%
Standard deviation 0.38 g 0.59 g 4.16% 3.14%
Extreme values (%) 37 33 21 17
Outliers (%) 16 14 13 10

Table 3 The results of the t-test comparing the means of the control and treatment groups for both accuracy and precision

Outlier treatment Measurement Accuracy Precision

Included (reported in main text) t statistic �0.681 1.383
p value 0.50 0.17
95% confidence interval (�0.091, 0.044) (�0.146, 0.842)
Effect size (Cohen’s d) 0.060 0.096
t statistic �2.116 �1.107

Excluded p value 0.035 0.269
95% confidence interval (�0.011, 0) (�0.048, 0.013)
Effect size (Cohen’s d) 0.153 0.079

Table 4 Frequency table showing the counts of students within each
performance category

Group Neither Accurate Precise Both Sum

Control 175 25 184 50 434
Treatment 174 31 186 60 451
Sum 349 56 370 110 885
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studies suggest online pre-lab activities help standardize the
laboratory experience across TAs (Nadelson et al., 2015; Stieff
et al., 2018), we had hoped that the intervention may compen-
sate for those TAs who are less involved.

To investigate whether the intervention could potentially
alleviate differences in the level of individual feedback provided
by TAs, we first ranked each TA’s level of involvement during
lab within the treatment group (more information in Appendix 5).
This was done by conducting observations of TAs during the lab
periods where students were completing the pipet assignment.
In Fig. 3, we compare student data within the low and high TA
involvement sections for the treatment group. The ranges are set
to highlight the IQR, and the full range with all outlying values is
shown in Appendix 6, Fig. 6.

While we found no significant differences between the
means of the distribution when comparing high to low TA
involvement (Fig. 3b and c), we did find improvement in the
mean, median, and standard deviation in high TA involvement
sections (statistics summarized in Appendix 7, Tables 5 and 6).
For average mass, when comparing high to low TA involvement

we observe a mean of 9.960 g compared to 9.879 g (target =
9.98 g), a median of 9.945 g compared to 9.939 g, and a
standard deviation of 0.172 compared to 0.336. For %RAD we
observe similar results when comparing high to low TA involve-
ment sections—a mean of 0.319% compared to 1.460% (target
r0.2%), median of 0.129% compared to 0.232%, and a stan-
dard deviation of 0.611 compared to 8.035. The percentages of
extreme and outlying values were also lower for high TA
involvement sections. These results demonstrate that although
the mean performance is largely skewed by outliers (leading to
non-significance in p values), the middle 50% of the students
demonstrate better technique in high TA involvement sections
compared to low TA involvement sections. Categorical break-
down of targets met (Fig. 3d) also showed that although the
percentage of students meeting both targets are similar for
high and low TA, there are large differences when only one or
none of the targets are met. Highly involved TAs resulted in a
lower frequency of students meeting no targets, and a higher
frequency of students meeting precision. A Chi-square analysis
shows that the effect of TA on performance is not statistically

Fig. 3 Student results when stratified by the level of TA involvement in their section. (a) Observations were used to rank each TA’s level of involvement,
and student data from the two lowest (n = 68) and two highest (n = 71) were used for further analysis. The comparison of high and low TA involvement for
(b) average mass (accuracy) and (c) percent relative average deviation (precision). Note that only the IQR region is shown although outlying values were
not excluded from the data set, and these outliers affect the reported p-values (see Fig. 6 for full range). The dashed lines and arrows indicate the regions
where data was assigned as ‘‘extreme values,’’ quantified as 3� the manufacturer’s tolerance of the pipet. (d) The categorical breakdown of performance
for high TA sections (solid) compared to low TA sections (dashed). (e) The odds ratio of student success in precision (grey) and accuracy (red) for students
in a high TA section compared to a low TA section. Error bars indicate the 97.5% confidence intervals.
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significant (w2 = 4.32, p = 0.2) but does show a small effect size
(V = 0.1). These results may be an outcome of having a small
number of students in some categories when stratified by TA
and number of goals met (Appendix 8, Table 7), so we further
analyzed performance by determining if students were likely to
meet their targets or not in Fig. 3e.

We use logistic regression to determine the odds ratio of
student success if they are in a section with a high involvement
TA compared to a low involvement TA (Fig. 3e). The odds ratio
(OR) is a measure of association between an outcome (in this
case, proper technique) and an exposure (the student’s TA). An
OR = 1 means the two groups can expect the same outcome; an
OR 4 1 means the group in question has higher odds of a
successful outcome than the reference; an OR o 1 means the
reference group has higher odds of a successful outcome. We
plot the ORs and their 97.5% confidence intervals, to highlight
the increased or decreased odds of the group (indicated in the
x-axis) having a successful outcome compared to the reference
group (dashed line). The odds of high TA involvement sections
meeting their accuracy target are equal (no significant differ-
ence, OR = 0.87, p = 0.73) to the low TA involvement students,
while the odds of reaching the precision target are significantly
higher (twice as high) for students with a highly-involved TA
than for students with low TA involvement (OR = 2.06, p = 0.04).
A full description of results is provided in Appendix 9, Table 8.
These results imply that the level of TA involvement may be a
predictor of student success, in this case demonstrating proper
technique, and suggests the importance of instructor feedback
during the experiment. Also noteworthy is that TA involvement
seems to affect precision more strongly than accuracy. One
plausible explanation of this could be that the students are
following a standard procedure but a highly-involved TA may be
more likely to encourage students with a wide spread in their
measurements to redo a trial.

While it is promising to see that the odds of achieving
accurate results were the same for all students, we do not know
if this is a result of the intervention itself. Unfortunately, we did
not collect data on TA involvement in Winter 2019, and there-
fore cannot speak to whether the intervention alleviated dis-
parities in TA involvement when it came to using the pipet
accurately. The precision results point to the importance of
having more direct forms of feedback during the experi-
ment—those TAs designated as high involvement were all
reported to frequently check on the students during the lab
and help correct student technique in the moment. This type of
constructive input appears to have an impact on student’s
ability to use the pipet consistently.

Student perceptions of video critique usefulness

Another important consideration with any intervention is stu-
dent perception; therefore, we asked students for feedback on
how helpful the technique video critique exercise was in their
learning process through a mid-quarter survey (see Fig. 4). The
survey contained questions with numerical rankings as well as
free-response entries. When the treatment group was asked
about analyzing the technique videos in the pre-lab assignment,

only 23% stated it was a ‘‘a lot of help’’ (other responses from the
treatment group included: ‘‘some help’’ (39%), ‘‘very little help’’
(23%), and ‘‘no help at all’’ (15%)). Although the majority of our
students self-reported this resource as useful, most of the class
still saw no significant improvement compared to the control
cohort. This is line with literature where students’ confidence in
their skills was shown to improve with online preparation videos,
but their cognitive performance was not necessarily correlated
(Altowaiji et al., 2021). While it has been demonstrated that
students generally perceive skills-based assignments as having a
positive impact on their learning, it may not be enough to look at
student perceptions of what is helpful (Accettone et al., 2023).

The main complaint students in the treatment group
expressed in regards to the intervention was having to carefully
watch the videos for the pre-lab as they were graded on their
responses. Even with three attempts, some felt like it was ‘‘nit-
picky’’ and therefore seemed to focus more on getting the right
answer than critically evaluating the technique. Selected quotes
expressing frustration from students within the treatment
group on the mid-quarter survey:

‘‘The most difficult part of the pre-lab is analyzing the videos
because when completing these questions, students are more
concerned about getting the answer right than actually learning
the lab procedure.’’

‘‘[The biggest challenge of this course is] a sense of frustra-
tion when completing flowcharts and technique analysis videos
during prelab.’’

Fig. 4 The mid-quarter survey questions from Fall 2021 (treatment group)
where students were asked to evaluate how useful the given resources
were to their learning. The breakdown of percentage of students reporting
is given within each bar, and the resources are ordered by their average
‘‘helpfulness’’ rank. The technique video portion of the pre-lab assignment
is highlighted. A total of 317 responses (out of 451 students) were recorded.
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‘‘The flowcharts and analyzing the technique videos are very
frustrating. [. . .] When analyzing the videos, sometimes the
person in the video did part of a step, so I don’t really know to
answer yes or no if they completed it correctly.’’

Accettone et al. reported similar findings, in that students
expressed difficulty with determining how many errors were
present in a video (Accettone et al., 2023). Following their
recommendations, students may feel less frustrated if they
are allowed to miss one error without being penalized. It is
also recommended to select technique videos that contain
more obvious mistakes, thereby avoiding ambiguities that
may lead to unnecessary frustration. This too may help with
reducing extraneous cognitive load, as it seems we may have
inadvertently introduced new distractions via the types of
videos selected.

Limitations

One major limitation of this study is that the control group
completed their chemistry laboratory coursework before the
COVID-19 pandemic and were not disrupted by virtual learning.
The treatment group completed this course just after the return
to in-person instruction, meaning their preparation from any
previous laboratory courses was most likely impacted by the
pandemic and they may have had less exposure to technical
skills that require hands-on manipulation. This must be con-
sidered in the context of our results as an additional confound-
ing factor—the treatment group may very well have had a lower
baseline of technical skills even before introducing the pre-lab
exercise.

Another potential limitation is the fact that there was up to a
week-long delay between the completion of the video critique
and the actual implementation of the skill. There is evidence
that in order to minimize extraneous cognitive load, the time
between the presentation of the supporting information and
the integration of the information should be minimized
(Kester et al., 2001). Furthermore, the integration of procedural
information during the task is advisable, yet we did not directly
provide students with the task inventory while they were in lab
(Van Merriënboer et al., 2003). While students could have
accessed that resource themselves, they were not encouraged
to do so.

Because we recognized TA involvement as a potential con-
founding variable only after data were collected, the section
‘‘The Association Between Teaching Assistant Involvement and
Technique Performance’’ has several limitations. The criteria
used to determine which TAs were high and low involvement
were not rigorously defined and as such, we felt compelled to
use the extreme cases for comparison; this in turn limited our
sample size. Finally, we were unable to compare the control and
treatment group, thus preventing us from investigating
whether the intervention can help to alleviate differences in
TA involvement. Given the data analysis we have performed
here, this is now an avenue we plan to more rigorously
investigate in future studies.

Implications

Overall, our work demonstrates that mastering a lab technique
may require more intervention than the pre-lab critique exer-
cise presented here. In addition to this pre-lab exercise, it may
be more effective to incorporate active feedback such as in the
form of working in pairs to critique each other’s technique, self-
assessments by recording and then comparing a student’s own
technique to the exemplary video, or structured feedback from
the TA or undergraduate learning assistants through means
such as digital badging.

Along with providing personal feedback, we believe that it
may also be necessary for students to receive sufficient inter-
leaved practice to master a lab skill—one lab period dedicated
to pipetting technique may not have provided sufficient prac-
tice. Interleaved practice gives students periods of rest between
sessions when they are actively learning or practicing and has
been shown to be effective for higher cognitive learning in
math, science, and physics as well as in the development of
motor skills (Brown et al., 2014; Eglington and Kang, 2017;
Foster et al., 2019; Samani and Pan, 2021). As pipetting is a
technical skill that is used repeatedly in subsequent experi-
ments, a future study looking at how the students improve over
the duration of the course may give insight on when students
master the skill and whether there is a latent effect of a higher
cognitive preparation.

Conclusions

To better prepare students for learning a new lab skill, we
implemented a pre-lab exercise which involved students watch-
ing a technique video (volumetric pipetting) and completing a
critique of the demonstration through a task inventory. After
the pre-lab exercise, students then completed a volumetric
pipet lab, and we compared their data to a cohort who did
not complete the same video critique pre-lab assignment. We
found that using this pre-lab exercise alone was not enough to
significantly improve the students’ performance, despite their
perception of the assignment as being useful towards their
learning. Consistent with others reports (Seery et al., 2024) we
found that a potential predictor of student success is access to
an instructor who directly assists them with learning proper
technique.

While we did not find significant improvement in accuracy
and precision after implementing the video critique exercise,
we did discover that this intervention gives similar results as
showing technique videos during class. This means that
instructors could have flexibility to move this activity to
outside-of-class time and maximize the valuable in-class time
for interaction with instructors and peers. This may be espe-
cially useful if lab periods are short and/or if a particular lab
takes up the entire period.
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Appendices
Appendix 1. Video critique exercise task inventory form

Appendix 2. Error analysis of water density fluctuations

The volumetric pipet is rated to deliver 10.00 � 0.02 mL at 20 1C
which, in mass, is equivalent to 9.98 � 0.02 g. Because this
study was conducted over 24 different laboratory sections it was
not possible to ensure that the temperature of the room was
always held constant. As such, we evaluated how the tempera-
ture fluctuations would contribute to the error of the expected
volume.

We first assume that the room temperature was held within
a range of 15–25 1C. The density is expressed by:

r ¼ m

V
(2)

And varies with temperature as (Haynes, 2016):

r at 15 1C = 0.9991 g mL�1 (3)

r at 20 1C = 0.9982 g mL�1 (4)

r at 25 1C = 0.9970 g mL�1 (5)

The greatest difference in density from the expected density at
20 1C within this range is 0.0012 g mL�1. If we set this as the
error in density, the total error of the mass of water including
the inherent error of the pipet and error in water density is:

DmassH2O

9:982 gH2O

¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
0:02 mL

10:00 mL

� �2

þ 0:0012 g mL�1

0:9982 g mL�1

� �2
s

(6)

DmassH2O = 0.0233 (7)

The expected mass delivered by the pipet is then simply 9.98 �
0.02 g. The inherent error of the pipet is larger than the error in
density and as such, the reported error is unchanged by any
differences in room temperature from one lab section to
another.

Identification
Title: use
of a pipet

URL: https://www.youtube.com/watch?v=YMjy2sK_kBo

Video clip
(if applicable)

5:04–12:06 minutes

Procedure performance
Correct Incorrect or

omitted
1 Checking to see if the pipet is clean by observing whether droplets cling to the inside of the

pipet
_______ _______

2 Rinsing the pipet including a portion of the stem above the calibration mark with small
amounts of the solution to be transferred

_______ _______

3 Carefully placing the pipet pump or bulb on the top of the pipet _______ _______
4 (a) Bulb suction: holding the pipet with one hand and moving the INDEX finger (not

thumb) to the top of the pipet when the liquid has been drawn above the calibration mark
with the bulb in the other hand

_______ _______

(b) Pipet pump: holding the pipet with one hand and manipulating the pipet wheel with
the thumb of the other hand to draw the liquid up the pipet above the calibration mark

5 Wiping off the outside of the tip of the pipet while the liquid is above the calibration mark _______ _______
6 Slowly lowering the liquid level just to the calibration mark by (a) lessening the pressure of

the index finger on the pipet top by turning the pipet (not lifting the finger off the pipet) if
you are using a bulb or (b) turning the wheel slowly to lower the plunger if using a pipet
pump

_______ _______

7 Touching the tip of the pipet to a dry edge of the container holding the solution before
moving the pipet to the receiving container

_______ _______

8 Transferring the pipet to the receiving vessel and releasing the pressure by lifting the finger
completely or pressing the release valve on the pump

_______ _______

9 Allowing the pipet to drain freely while touching the inside wall of the receiving vessel
above the level of the liquid

_______ _______

10 Leaving residual liquid in the tip after draining appears complete _______ _______

Safety
Proper PPE Eye protection Yes _______ No ________ Not visible _______

Lab coat Yes _______ No ________ Not visible _______

Badge certification recommendation (select one)
Recommended Provisional Not recommended
All procedure steps correctly performed, PPE used if visible One or two steps omitted or incor-

rect; proper PPE used if visible
Improper PPE if visible and/or more than two
steps omitted or incorrectly performed

Feedback: (no more than three sentences) based on recommendation
Positive: (what was done correctly)
Constructive: (what was omitted and/or what experimenter
should do to improve incorrectly performed steps)
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Appendix 3. Average mass and percent RAD distributions for
the entire class

We assigned student results to being ‘‘extreme values’’ if they
fell outside of 3� the acceptable manufacturer error. For
accuracy, this included values outside of 9.92–10.04 g (accepted
range 9.98 � 0.02 g). For precision, this included values greater
than 0.6% RAD (accepted range o0.2% RAD). We chose to use
this metric in addition to the number of outliers, because the
outliers are calculated by 1.5� the IQR, which changes in
spread from one distribution to another. To test for signifi-
cance in the frequency of extreme values we ran a Chi-square
test of independence. For average mass we obtained w2 = 1.6
(df = 1, p = 0.2, V = 0.04). For % RAD we obtained w2 = 1.3 (df = 1,
p = 0.3, V = 0.04). Neither result showed statistical significance.
See Fig. 5.

Appendix 4. Frequency table and Chi-squared test for
categorical breakdown of performance

We ran a Chi-Squared test of independence to test whether the
breakdown of performance is associated with pre-lab style.
We obtained a w2 = 1.2 (df = 3, p = 0.7). The Cramer’s V effect
size is V = 0.02. These results indicate that there is no statisti-
cally significant effect between the treatment and performance.

Appendix 5. TA evaluation of involvement

All TAs included in this study participated in a required general
training program through the chemistry department (30 hour
total), in addition to one-hour weekly TA meetings for the
specific course to discuss the experiments and logistics. We
chose to evaluate the TAs on their involvement with student
learning by conducting observations in the treatment group
during the pipet experiment. The control group could not be
evaluated because the study was designed after the control data

was collected. The observations were done by a non-instructor
(graduate student investigator) who was neither recognizable to
the students nor had any influence on grades for either the
students or the TAs. The TAs were informed that observations
of students were being collected for a study but were not
informed that their involvement was also being recorded so
as to capture their most typical behavior. Students were not
informed about the observations. The investigator did not
communicate with the students about their skills in any way
and any questions from students were directed to the TA to
answer.

Criteria for TA involvement was determined prior to enter-
ing the classroom and the observer was assessing:

(1) Did the TA give a pre-lab lecture?
(2) Did the TA give a demonstration of proper technique to

the entire class?
(3) Did the TA walk around as the students were practicing

with the pipet?
(4) Did the TA demonstrate any attempts to correct mistakes

they saw?
When determining whether a TA met certain criteria, a

binary response was given – either yes or no. The frequency
and quality of the interaction were not rated, and as such, no
rubric was devised. TAs who demonstrated all 4 criteria were
identified as ‘‘high involvement’’, TAs who demonstrated 2–3
criteria were identified as ‘‘intermediate involvement’’, and any
TA who only demonstrated 1 criterion was identified as ‘‘low
involvement’’. From the four criteria listed, the low involve-
ment TAs only gave a pre-lab lecture, and therefore did not
provide students with any feedback about pipet usage. Two TAs
with high involvement and two TAs with low involvement were
selected for further analysis. These groups contained 68 stu-
dents with a low involvement TA and 71 students with a high
involvement TA.

Fig. 5 The full distributions of all student data for (a) accuracy and (b) precision. The grey dashed lines indicate the data show in Fig. 2 (the IQR ranges),
and the outliers are represented by the circles.
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Fig. 6 The full distributions of student data for (a) average mass and (b) percent RAD comparing the students in sections where a TA demonstrated low
involvement compared to high involvement. The outliers are shown in these plots, while they are not in Fig. 4 for clarity of visualizing the IQR.

Table 5 The statistics describing the distributions for accuracy and precision for the treatment group, stratified by level of TA involvement. Only students
within the selected high and low TA sections are included in these datasets

Measurement Accuracy Accuracy Precision Precision

Outlier treatment Video implementation Yes (treatment) Yes (treatment) Yes (treatment) Yes (treatment)
TA involvement High Low High Low

Included (shown in main text) Sample size 71 68 71 68
Mean 9.9600 g 9.8785 g 0.3188 1.4600
Median 9.9454 g 9.9390 g 0.1294 0.2316
Standard deviation 0.1721 g 0.3363 g 0.6110 8.0346
Extreme values (%) 30 38 13 16
Outliers (%) 7 10 11 12

Excluded Sample size 64 52 64 52
Mean 9.945 g 9.948 g 0.1974 0.2250
Median 9.946 g 9.952 g 0.1026 0.1669
Standard deviation 0.0390 g 0.0418 g 0.2226 0.1715

Table 6 Results of the t-tests comparing the means of the high and low TA subgroups, within the treatment group

Outlier treatment Measurement Accuracy (treatment) Precision (treatment)

Included t statistic �1.788 1.168
p value 0.08 0.25
Confidence interval (�0.172, 0.009) (�0.808, 3.091)
Effect size (Cohen’s d) 0.305 0.200

Excluded t statistic 0.7083 0.7523
p value 0.48 0.45
Confidence interval (�0.046, 0.097) (�0.045, 0.100)
Effect size (Cohen’s d) 0.091 0.137

Appendix 7. Average mass and percent RAD distribution statistics for the high and low TA groups

See Tables 5 and 6.

Appendix 6. Full distributions for average mass and precision by TA invovlement

See Fig. 6.
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Appendix 8. Frequency table and Chi-squared test for
categorical breakdown of performance stratified by TA
involvement

We ran a Chi-Squared test of independence to test whether the
breakdown of performance is associated with TA involvement.
We obtained a w2 = 4.32 (df = 3, p = 0.2). The Cramer’s V effect
size is V = 0.1. These results indicate that there is a small but
statistically insignificant effect, which may be a result of having
a small sample size. See Table 7.

Appendix 9. Summary of logistic regression results

See Table 8.
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