











and the effort to maintain student ano-
nymity, the data were reported by the
evaluators in aggregate and represents
data from all of the writing samples col-
lected (Lab II N =49, Lab III N = 39).

To see how students’ technical com-
munication skills changed compared
with students’ self-perceptions of their
writing skills, results were compared
with select URSSA instrument ques-
tions related to Written Communication,
shown in Figure 2. The reports related
to the first project of CHE Laboratory
II provided the initial point of compari-
son, while the reports related to the first
project of CHE Laboratory III provided
the final point of comparison. Both of
these reports are identical in style and
are prepared individually. The final re-
port of CHE Laboratory III could not be
used for comparison as it is a long-form
group report, which would make assess-
ment of individual students difficult.

RESULTS

Average student scores for the differ-
ent elements of the MUSIC Model for
eMpowerment, Usefulness, Success,
and Interest were compared pre-lab
sequence and post-lab sequence. As
shown in Figure 3, the students’ average
self-assessment scores were relatively
high (above a 4 on a 6-point Likert
scale) for all four categories before
and after the laboratory sequence with
slight movement in the average. Two

sample Z-test results showed the aver-
age scores pre and post did not change
in a statistically significant way (o =
0.05). Average values remain consis-
tent between pre- and post-laboratory
responses; however, the effect of averaging the scores may
obfuscate clear changes in specific student attitudes.

The distribution of student rankings for each category was
also investigated. The results are shown in Figure 4. By
eliminating the average and breaking the data into number of
scores, a clearer picture of the changes in students’ attitudes
can be measured. We observe in all four categories the mode
rating for each category was a 5. In all categories other than
Success, there were increases in some of the lower ratings
(1,2, 3), while there are no low ratings for Success at the end
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Figure 1. Summary of objective topics and the associated assessment instruments
and question descriptions. Where URSSA captures self-assessed knowledge;
LST captures direct knowledge and abilities.

of the course. This detail is not captured by simple averages
shown in Figure 3. Unlike the other three categories, the
Interest questions had more movement to lower scores, with
22% reporting a low rating compared to only 5% in the pre-
sequence. Despite the increase in the number of students that
scored their Interest as 1, 2, and 3, there were at least 75%
of students scoring in the high range (4, 5, 6) post-sequence.
Interest, in particular, showed an increase to the extreme rat-
ings, with an increase of 6% in 1-2 ratings and an increase of
5% in 5-6 ratings. Interestingly, more than 13% gave ratings

151



Communication

Form Objective

Write Technical Reports

Defend Argument

Explain Concepts

Understand Scientific Articles

Conduct Database Search

Context of and Purpose for Writing

Content Development

Genre and Disciplinary Conventions

Sources and Evidence

Control of Syntax and Mechanics

Figure 2. Summary of objective topics and the associated assessment instruments
and question descriptions using self-assessment (URSSA) and direct assessment

(VALUE) for written communication competencies.

Average Student Rating

eMpowerment

Usefulness Success

Interest

Figure 3. Comparison of averaged self-assessment data using
the MUSIC Model before (light gray) and after the laboratory
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sequence (dark gray).

of 6 post-sequence for all four categories,
and ratings of 6 only decreased in the
category for Usefulness from pre (38%)
to post (26%). Although there appear to
be qualitative shifts in the distributions,
Kolmogorov-Smirnov tests revealed that
changes in distributions pre and post for
each component were not significant (o
=0.05). We acknowledge these statistics
may be underpowered because of limited
sample size. In conclusion, we observed
no significant shifts to lower scores in any
component, which we anticipated in our
initial hypothesis.

By administering both self-assessments
(URSSA) and direct assessments (LST),
changes in student attitude and ability
can be tracked, and student ability and
self-perception of their ability can be
directly compared. The distributions of
student movement from select questions
from the URSSA instrument and LST that
mapped to the objectives of Safety, Data
Analysis, and Familiarity with Equip-
ment are shown in Figure 5.

Narrowing the focus, three themes
were analyzed and compared between
perceived and direct assessments. To vi-
sualize the results, the percentage of stu-
dents was plotted versus the movement.
Although Figure 5 shows that many of the
themes had agreement between students’
perceived movement and the direct as-
sessment, there were instances where the
two tools were not reconciled, which is
consistent with previous studies.!'”

The theme of Safety yielded different trends depending
on the question. Self-assessment questions regarding ability
to perform a safety-related task returned positive movement
among at least 50% of students. Interestingly, the question
about respect for safety resulted in over half the students
rating it the highest score (a 6 out of 6 on a Likert scale)
before and after the sequence. This outcome could result
from the emphasis on incorporating safety in the engineering
curriculum where students gain a healthy respect for safety
early in their studies.? 2! It also reinforces the important
difference between attitude and ability. The direct assess-
ment of safety in the LST showed the students’ ability to
safely operate equipment based on a P&ID improved over
the course sequence, which agreed with their self-assessment.
Similarly, the theme of Familiarity with Equipment resulted
in agreement between perceived and direct assessment with

positive movement for most questions. However, students
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ment, student self-perceptions of

knowledge and abilities increased,
and students registered positive at-
titudes about the course sequence
throughout the assessment period.
Incorporating multiple dimensions
of assessment allowed for the for-
mation of a more complete picture
of laboratory outcomes informed
by the distribution of student opin-
ions and comparisons to directly
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assessed skills. Tracking student
m movement using these tools pro-
vides a better picture of the range
of student experience.

The data show that the mode did
not shift in the Interest category
from the MUSIC Model; however,
a higher number of students ranked
their interest with low scores (1,2,
or 3) at the end of the sequence.

Figure 4. Comparison of distributed self-assessment data using the MUSIC Model before

and after the laboratory sequence. The lighter bars represent pre-laboratory scores, and

the darker bars represent scores after the laboratory sequence was completed. Part A is
eMpowerment ratings, B is Usefulness ratings, C is Success ratings, and D is

Interest ratings. (N=58)

still have difficulty appropriately reading a rotameter, as about
half of the students showed negative or zero movement on
this question.

Lastly, results from the Written Communication VALUE
Rubric were compared with students’ responses from the
URSSA instrument related to this theme. Like the themes
above, the students perceived a positive movement in all
URSSA questions shown in Figure 6 regarding technical
report writing skills. However, when assessed using the
VALUE Rubric, the distribution of rubric scores was very
similar across the two artifact collections, with the major-
ity of all students receiving one of the two highest scores
(3-milestone, 4-capstone). It is an acknowledged limitation
that the study design lacked the ability to track individual
student movement, as this may have revealed meaningful
trends for individual students.

DISCUSSION AND CONCLUSIONS

In this study we explored how students subjectively feel
about their learning in the laboratory compared to how much
they actually learn and retain in a year-long CHE laboratory
course. The common theme across the analysis was that,
in general, student performance improved via direct assess-
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This observation fit with anec-
dotal data regarding the laboratory
sequence, where some students
reported feeling that the three-
course laboratory sequence seems
repetitive or lost novelty over time.
An interesting take away from this
approach was that these themes did not necessarily match up
with the most vocal student comments or complaints in course
evaluations or via other feedback mechanisms. In general,
there was a positive response, indicating most students find
the course is useful, report that it captures their interest, and
believe that they can be successful while feeling empowered
in the course sequence. This aligns with our expectations,
as we make a concerted effort to eliminate repetition by ro-
tating projects, instructors, and teams while giving students
repeated opportunities to hone their skills. However, by the
end of the final course, there are additional scores of 1-3
where students are feeling less empowered, less interested,
and feel the course is less useful. This change may be due
to repetition, which can be a positive for honing skills, but
not for keeping interest. Some additional influences could
be from job offers and graduate school acceptances being
received, causing shifting motivations, as well as coming to
the realization that their “niche” in chemical engineering may
not involve lab or the projects to which they were assigned.
There may also be some commonality between the students
who score lower post-sequence; an ongoing departmental
effort explores why students are losing interest across the
sequence to make informed improvements to our laboratory
sequence. Incorporating these tools helps begin to clarify the
noise from unmotivated or disinterested students who can
get undeserving attention. Using these multiple assessment
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Figure 5. Stripes represent movement in student perception from the self-assessment instrument (URSSA)
and solids represent movement in student knowledge from the direct observation instrument (LST), N=58.

methods allows educators to propose meaningful, data-driven
changes to the laboratory curriculum, rather than attempting
to make changes based on student feedback alone.

Although the overall themes were positive trajectories for
most concepts in the URSSA and LST, there were notable
discrepancies between what the students rated and what the
direct assessment results showed. The differences may be
due to the specific projects that the students performed in the
laboratory. Although students complete five projects by the
end of the sequence, there are some projects that specifically
address some of the concepts that are assessed in the tools,
while other projects do not. This gives some students more
of an opportunity to explore and receive substantive feedback
from faculty when writing their reports. For example, students
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who work on the fluid flow experiment can conduct multiple
repeat trials at the same set points. This type of experiment
lends itself to more emphasis on statistical significance, and
it is possible that the students on this type of project would
score higher on the LST because they had direct experience
with this concept. If a student is on the distillation project, it
is possible that because the number of data points gathered is
much smaller, their experience with statistical analysis will
be much less extensive for this project. Similarly, there is
some disagreement for the theme of familiarity with equip-
ment. Although most projects have some form of valving
that matched student perception and direct assessment, not
all projects use a rotameter. Given the power of experiential
learning,*¥ this may be why some students improve on this
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Figure 6. Comparison of first (light gray) and last (dark gray) data collected from student self-assessment
data obtained from select URSSA Instrument questions and direct assessment of artifacts using the
Written Communication VALUE Rubric.

question, while others did not. However, the knowledge
gained from this assessment helped us identify this area as
a potential knowledge gap within the laboratory sequence,
allowing for it to be addressed in the future.

Throughout the multi-dimensional approach, the simul-
taneous deployment of the assessment tools gave a unique
picture of the ability to assess both students’ attitudes as well
as measurable gains in knowledge and abilities. By using this
overarching multi-dimensional framework for assessment, in-
structors have the power to uncover underlying gaps in student
experience that may go unnoticed if the evaluation relies on
just one form of assessment. Although the results presented
assessed the initial use of the multi-dimensional approach for
the unit operations laboratory sequence to gauge how students

Vol. 55, No. 3, Summer 2021

developed throughout the courses, the implications of the tools
used are farther reaching. Using the results of this study as a
benchmark, many options for future use of these tools exist.
While the multi-dimensional approach was demonstrated
here, there is still an opportunity to select specific tools or a
combination thereof to gain understanding of student attitudes
or directly assess student laboratory knowledge. These tools
can be implemented in various laboratory courses without
many changes depending on the information that is desired
by the instructor to assess and make data-driven changes to
their laboratory courses. We are planning ongoing refinements
to the Laboratory Skills Test to ensure proper interpretation
of questions, such as a think-aloud study with students, that
will further enhance the tool.
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HOW CAN | USE THESE TOOLS?

The framework for this study made use of multiple assess-
ments that aligned with the aim to observe student attitudes,
knowledge, and abilities in a laboratory course via self-
assessment and direct assessment. Table 1 shows how each
instrument was used in this study in alignment with those
aims. To use these assessment tools, consult the directing
links and sources below.

URSSA:https://www.colorado.edu/eer/research-areas/
undergraduate-research/evaluation-tools-undergraduate-
research-student-self Customization of the survey can be
executed similarly to the approach that was taken in this
paper. Customization allows the surveyor to use the format
of the original survey but focus on areas of interest.

MUSIC Model of Motivation Inventory: www.themusic-
model.com. Use for an activity or course is free. Contact
Dr. Brett D. Jones (brettdjones @ gmail .com) for permission
to use in publications.

VALUE Rubric; Written Communication: www.aacu.org/
value-rubrics. All VALUE rubrics are available at no cost.

To obtain the customized URSSA prompts and the Labora-
tory Skills Test, please contact Dr. Neumann at neumann@
rose-hulman.edu.
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