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Abstract—A comprehensive statistical analysis of shared
assessments was conducted using student assessment data
(n=152) gathered over a three-semester cycle from three
general education chemistry courses taught both online and
on-campus at a public, two-year community college in the
upper Midwest United States. Item difficulty values, item
discrimination values, difficulty ratios were used to evaluate
the efficacy of the shared assessment instruments in assessing
student learning toward intended course outcomes.
Two-sample t-tests were conducted to determine the
statistical significance of differences in assessment means by
course delivery mode.

Index Terms—accreditation, assessment, chemistry, course
outcomes, general education

I.  INTRODUCTION

Assessing Student Learning Across Delivery Modes in
Chemistry represents the first branch of a four-year project
developed by the assessment team at Lake Region State
College (LRSC) to meet documented assessment needs.
Establishing and evaluating assessment plans at the course,
department, program, and institutional levels is essential
for higher education institutions seeking accreditation in
the United States through accrediting bodies such as the
Higher Learning Commission [1]-[3].

Assessing learning of course competencies across
delivery modes was critically important due to the diversity
of both our delivery modes and our students. Only 39% of
total student enrollment at LRSC is accounted for by
geographically local students accessing traditional
on-campus, face-to-face course delivery. Another 28% of
the institution’s total student enrollment is accounted for
by students living throughout and beyond the United States,
seeking fully online course delivery. North Dakota high
school students seeking dual credit account for 15% of
enrollment, while students at a satellite campus on Grand
Forks Air Force Base (AFB) account for 11%. Even this
does not paint a complete picture, as 7% of LRSC’s total
student enrollment is divided between in-state video
network courses, a “Launch” program at a nearby flagship
university, and nursing programs located off-campus [4].
As a comprehensive community college, Lake Region
State College welcomes students from countless locations,
sometimes for a full degree program but often for only one
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or two transfer courses. In this sense, students and their
home institutions are all stakeholders in the success of the
institution.

Distance education quality is currently the focus of
several government initiatives, both on a national scale and
within the home state of LRSC. For this reason, the
project’s focus upon learning across delivery modes is
particularly relevant now. Recently, the U.S. Department
of Education’s negotiated rulemaking committee met to
decide upon dozens of policy issues pertinent to online
educators and to institutions offering online courses and
programs [5]. National policy foci include, but are not
limited to, defining regular and substantive interactive in
online environments, and maintaining academic integrity.
Evaluating student mastery of course outcomes in
non-traditional environments serves these additional
purposes.

Through the first branch of this project, statistical
analysis has demonstrated consistency in student mastery
of course competencies across delivery modes in two
general chemistry courses. To achieve this outcome,
instructors teaching the same chemistry courses using
different delivery modes developed and administered
common course assessments. Instructors then collaborated
with the institutional assessment team to analyze the data
and correct inconsistencies on a semester-by-semester
basis.

Il. PHASEI

During the fall 2015 semester, two chemistry instructors
jointly developed multiple choice instruments to assess
student mastery of course competencies in two courses,
Introduction to Organic and Bio-Chemistry and General
Chemistry 1l. Each of these courses are offered in both an
online format and an on-campus, face-to-face format every
spring semester.

In Spring 2016 the assessment instrument was
administered to all 70 students enrolled in either
Introduction to Organic and Bio-Chemistry (Chemistry
116) or General Chemistry Il (Chemistry 122). A total of
53 students enrolled in Chemistry 116 completed the
assessment; six were enrolled in the on-campus section,
while 47 were enrolled in the online sections. A total of 17
students enrolled in Chemistry 122; 12 were enrolled in the
on-campus section, while 5 were enrolled in the online
section.
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A comprehensive item analysis of Spring 2016
assessment data from Chemistry 116 and Chemistry 122
was conducted. First, descriptive statistics were examined
at both the exam level and item level for each course format
within each course. Descriptive statistics included mean
assessment score and standard deviation, as well as item
level difficulty and discrimination values. Of particular
interest for the purposes of this project were the item level

Chem 116

difficulty values, which indicate the proportion of students
who answered each item correctly. Item level difficulty
values < 0.25 were flagged as being particularly difficult
for the sample of students assessed. On the Chemistry 116
assessment, eight items were flagged for further analysis.
On the Chemistry 122 assessment, five items were flagged
for further analysis. See Fig. 1 and Fig. 2.

Format 15wk day 15wk onl 15wk on2 15wk onfv
n 6 24 3 a7
than ar equal ta 0.25
Outcome Assessed Difficulty Discrim | difculty, per outcames| Difficulty Discrim  Difficulty Discrim | Difficulty Discrim
1 1 067 078 1=025 0.88 018 091 0.05 0.89 0.121=0
2 1 0.67 0.3 2=02 0.96 045 1 0 0.98 0.232=0
3 2 1 o 1 0 1 0 1.00 0.00 3=0
4 5 0.17 075 4=0 0.67 0.67 0.78 0.49 0.72 0.584=0
5 3 0.17 0.25 5=05 0.79 052 0.91 043 0.85 0.48 5=0
6 3 0 o 0.88 032 087 0.67 088 043
7 4 0.67 (o] 0.92 0.27 0.96 0.16 0.94 0.22
B 4 067 04 0.96 015 083 045 0.90 0.30
9 1 1 o 0.96 045 1 0 0.98 0.23
10 5 0.83 0.35 0.96 0.15 1 1) 0.98 0.08
11 1 0.17 0.5 0.54 0.63 0.39 0.37 0.47 0.50
12 2 1 o 0.71 072 0.65 041 0.68 0.57
13 3 0.2 0.39 071 046 0.48 045 0.60 0.46
14 2 0.67 (o] 1 0 1 0 1.00 0.00
15 5 0.17 0.35 0.92 043 0.91 0.56 0.92. 0.52
16 2 0.67 04 1 0 0.91 0.02 0.96 0.01
17 5 1 o 0.79 011 0.91 0.02 0.85 0.07
18 3 033 o 1 0 091 0.56 0.96 0.27
19 2 05 0.56 0.63 0.03 0.52 o0.02 0.58 0.03
20 2 1 o 1 0 1 0 1.00 0.00
21 2 0.67 04 0.5 0.42 0.52 0.27 051 0.35
22+2 0.33 02 0.25 0.21 0.22 0.02 0.24 0.12
23 3 017 o5 0.75 045 074 05 0.75 0.47
29 2 0.17 0.75 0.25 042 0.43 0.56 0.34 0.49
25 2 017 0.35 1 0 1 0 1.000 0.00
mean 52 mean B0 ) 20
sdev 7.5 stdev 1113 9.67 10.42
n 6 n 24 3 47
*Suspect discrimination value; item discarded
Figure 1. Chemistry 116 initial data and highlighted areas of concern.
Chem 122
Format 15wk day 15wkonl
n 12 5
Outcome
assessed  Difficulty Discrim e e Difficulty Avg Dif | Awvg Discr
1 3 0.17 0.491=0.25 as 0.36 0.50
2*6 0.08/ 0317 2=0 as 0.29 0.27
3 4 017 0.25 3=05(1/2items) 1 0.41 0.18
4 4 05 05 a8 059 0.51
5 2 075 048 5=0 a8 076 0.49
B 2 0.67 0296=0 1 0.77 0.20
7 =) 0.9z 057=0 1 094 0.35
8 5 042 056 8=0 1 059 040
9 7 083 08 08 0.82 0.72
ple 2 075 079 as 0.76 0.71
11 8 0.58 0.46 1 0.70 0.32
12 1 075 021 1 0.82 0.15
13 nfa 075 0.26 as 0.76 0.29
14 4 0.17 0.37 o4 0.24 0.48
15 1 0.83 025 1 o 0.88 0.18
1o 1 0.42 0.09 as sz 0.53 0.22
17 2 0.42 051 as Qis 0.53 0.40
18 2 0.58 0.28 1 o 070 0.20
19 4 0.5 0.55 1 o 0.65 0.39
20 3 0.67 o 1 o 077 0.00
21 8 05 046 1 o 065 0.32
22 1 0.17 031 az Q52 018 0.37
23 8 0.25 0.53 1 o 0.47 0.37
24 8 05 005 a8 asz 059 0.19
25 8 067 039 a8 asz 071 0.43
All 15week | Day +Online)
mean 55.02 mean B8 mean 64.72
stdew 137 stdew Q05 Stdew 12.33
n 12 n 5 n 17

*Suspect discrimination value; item discarded

Figure 2.

Second, item discrimination values were examined for
each of the assessment items flagged in Step 1, above. Item
discrimination is a comparative measure of the proportion
of high-scoring students who answered an item correctly
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Chemistry 122 initial data and highlighted areas of concern.

relative to the proportion of low-scoring students who
answered the item correctly. Discrimination values of less
than 0.20 bring the assessment item itself into question, and
were flagged for further analysis [6]. Of the thirteen items
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with difficulty values <0.25, two had discrimination values
of less than 0.20. These two items were discarded from
analysis of outcome mastery.

Third, assessment items were labeled according to the
course competencies they primarily measure. After
labeling each assessment item with its corresponding
course competency, difficulty ratios per outcome were

Chem 116
Format 15 wk onav 2017
n a7

Outcome Assessed

Difficuity | Discrim =
1 1 0.589 0.121=0
2 1 0.98 0.232=0.1

3 2 100 0.003=0

4 5 0.72 0.58 4=0

5 3 0.85 0.485=0
6 3 0.58 043
T a4 054 o2z
B 4 0.90 0.30
9 1 0.98 0.23
10 5 098 008
1 1 0.47 0.50
12 2 0.68 0.57
13 3 0.60 0.45
14 2 100 0.00
15 5 0.92 0.52
15 2 0.95 0.01
17 5 0.85 0.07
18 3 0.95 0.27
15 2 0.58 0.03
20 2 100 0.00
21 2 051 0.35
2 2 0.24 0.12
3 3 0.75 0.47
24 2 034 0.4z
a5 2 100 0.00
B0
10.42
a7

Avg Dif ZAvg Discr 2017

calculated. These values represent the ratios of assessment
items less than or equal to 0.25 difficulty, per outcome. As
seen in Fig. 3 and Fig. 4, these values offer a
straightforward way of quantitatively identifying course
competencies which should be the focus of further
curriculum development.

15 wk online Spring 2018
Sert18341 Sectiond £342
17 B

15 wk onsv 2018

Difficuity |Discrim | Difficulty Discrim  Difficulty Discrim | adfh e cuRtome]

Figure 3. Chemistry 116 end-of-cycle data.
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0.93 0.16 0.65 035 0.5 0.89 0.60 0.52
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Figure 4. Chemistry 122 end-of-cycle data.

In Chemistry 116 course competency #3 was identified
as the focus of further curriculum development. In
Chemistry 122, course competencies #1 and #4 were
identified as the curriculum development focus. These
course competencies are as follows:
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e Chemistry 116 outcome #3: Students who
successfully complete Chemistry 116 will possess a
fundamental understanding of biochemistry concepts
of structure-function relationships, enzymes, nucleic
acids, and energy generation.
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o Chemistry 122 outcome #1: Students who
successfully complete Chemistry 122 will possess an
understanding of intermolecular forces, including
how such forces affect bulk properties, and an
understanding of the properties of different phases of
matter.

e Chemistry 122 outcome #4: Students who
successfully complete Chemistry 122 will possess an
understanding of chemical equilibrium, including the
ability to perform equilibrium calculations on a
variety of chemical reactions, including gas phase
reactions, acid/base reactions, and solubility product
calculations.

1. PHASE Il

Between Spring 2017 and Spring 2018, curricular

changes were developed and implemented by course
instructors to address course competency concerns in
Chemistry 116 and Chemistry 122. Those changes
included an emphasis on the particulate level of
understanding through the use of pictorial representations
and class discussions focusing on the interactions of
molecules using this method. The assessment instrument
was administered again, and compared to data from the
previous year. As seen in Fig. 5, a statistically significant
change was not observed over the same timeframe in
Chemistry 116, where assessment scores were already
within the expected grade distribution range [7]. However,
a statistically significant increase in student mastery of
course learning outcomes in Chemistry 122 was seen from
the beginning to the end of the two-semester assessment
cycle.

Chemistry 116 n Mean StDev  SE Mean Chemistry 122 n Mean | StDev | SE Mean
2017 Data 53 | 76.4 10.05 1.3805 2017 Data 17 | 6472 | 12.33 2.9905
2018 Data ’ 25 ’ 70.84 ‘ 11.08 ‘ 2.216 2018 Data 28 | 8225 | 125 2.3623
Two-sample t-test (95% confidence interval) Two-sample t-test (95% confidence interval)
p=0.039 p<0.001
The difference in means is not statistically significant The difference in means is statistically significant

Figure 5.  Two-sample t-test findings.

IV. PHASE I1l: CURRENT AND FUTURE STEPS

Upon completion of one full cycle (assessing, revising
curriculum, and reassessing over two non-consecutive
semesters) with Chemistry 116 and 121, the same two
chemistry instructors developed a shared assessment
instrument to be administered in General Chemistry I,
Chemistry 121. This assessment was initially administered
in Fall 2018. Data was analyzed using the same approach as
described earlier for Chemistry 116 and 122. As in Phase 2,
descriptive statistics were examined at both the exam level
and item level for each course format within each course.
Item level difficulty values < 0.25 were again flagged as
being particularly difficult for the sample of students
assessed. Three items were flagged based upon difficulty
values for further examination.

Second, item discrimination values were examined for
each of the assessment items flagged in Step 1, above. As
seen in Fig. 6, an initial glance at the data suggested a
problem with negative discrimination values. Of the three
items with difficulty values < 0.25, only one had a negative
discrimination value. However, 11 total items from the 63
item assessment had negative average discrimination
values. This is a significant concern which will be closely
compared with parallel Chemistry 121 data to be obtained
during the Fall 2019 semester. It is possible that small
sample size combined with several outlier exams was
enough to create the negative discrimination values. It is
also possible that the assessment items themselves are
poorly designed and need to be replaced.

Third, assessment items were labeled according to the
course competencies they primarily measure. There are
seven competencies in Chemistry 121. After labeling each
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assessment item with its corresponding course competency,
difficulty ratios per outcome were calculated. These values
represent the ratios of assessment items less than or equal to
0.25 difficulty, per outcome, and offer a straightforward
way of quantitatively identifying course competencies
which should be the focus of further curriculum
development. Based upon our initial assessment data,
course competencies #3 and #4 have been targeted for
teaching and learning improvement. These course
competencies are as follows:

¢ Students who successfully complete Chemistry 121
will possess a fundamental understanding of the
behavior and properties of ideal gases.

e Students who successfully complete Chemistry 121
will possess an understanding of elementary
thermochemistry (Hess” Law calculations, heats of
reaction, heats of formation, etc.). gases and
thermodynamics. The efficacy of these curricular
changes will be evaluated in Fall 2019, using
assessment data yet to be collected as of this writing.
If problematic trends from the first semester
Chemistry 121 assessment item analysis are still
present, the assessment will be redesigned.

V. CONCLUSIONS

Conclusions are to be considered as snapshots of time
rather than final endpoints, as this study is intended to be
purposefully ongoing. By continuing the process used for
Chemistry 116 and 122 with Chemistry 121 and eventually
other disciplines, Lake Region State College is embarking
upon a path of continuous improvement. Just as teaching
and learning processes are ongoing, dynamic processes,
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assessing student achievement of course outcomes across
delivery modes should be an ongoing, dynamic endeavor.

Quantitative findings at this point show overall
consistent student achievement of intended course
outcomes in both Introduction to Organic and
Biochemistry (Chemistry 116) and General Chemistry Il
(Chemistry 122) in both online and on-campus course

Chem 121 Chem 121
Format 15 wk day Fall 2018
n 19

Difficulty Ratio per
Outcome (Ratio of
assessment items less

Qutcome than orequal to 0.25

Assessed  Difficulty Discrimination difficulty, per outcome)

1 2 o084 0.62 1=0.20
2 1 058 0.13 2=0.06
3 1 068 0.113=0.10
4 1 037 061 4=0.25
5 5 037 0.56 5=0
5 1 068 0.22 5=0.09
7 2 o4z 0.04 7=0.33
8 5 058 0.55
El 1 063 0.4
10 A
1 2 089 031
12 2 o0s8 0.33
13 2 058 0.39
14 1 om; 0.74
15 2 1
16 2 089 0.12
17 1 089 0.08
18 2 o7 0.07
19 2 o7 0.07
20 2 0% 0.67
21 2 03 0.63
22 2 095 0.03
23 5 068 0.29
2 2 089 014
25 2 o8 031
2% 6 047 0.41
27 6 037 0.35
28 7 063 056
29 6 068 031
30 6 032 0.49
31 6 026 07
32 6 042 0.51
33 3 o.21 [
3 3 079 0.52
35 3 02 0.49
36 3 037 038
37 3 o8 0.08
38 6 026 037
39 6 ol 0.47
40 5 068 0.48
a1 6 079 0.33
a2 3 063 0.55
a4 1 063 05
as 6 089 0.4
45 3 079 0.46
47 1 058 0.13
48 1 o058
3 2 016 0.51
50 2 08 0.08
51 2 089 0.12
52 3 079
53 3 089 0.23
54 1 0l 0.09
55 4 o047 0.48
56 4 o084 0.2
57 1 037 031
58 1 047 0.23
59 7 ou 0.17
o 1 o
61 4 005 0.19
62 4 053 034
63 7 079 0.46
On Campus
58.24
12.63
19
Figure 6.
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delivery modes. Student achievement in Chemistry 116
was within a standard curve at the onset of the study.
Student achievement in Chemistry 122 left ample room for
improvement at the onset of the study, and statistically
significant improvement was noted after one semester of
purposeful curricular changes.

15 wk online Fall 2018

10

Difficulty Ratio per
Outcome (Ratio of
assessment items less

Avg than or equal to 0.25
Avg Difficulty  Discrimination Difficulty Discrimination difficulty, per outcome)
0.86 0.70 0.9 0841=0
0.62 0.33 0.7 0.72=0
0.69 0.31 0.7 0.73=033
0.55 0.69 0.9 0.844=0
0.55 0.66 0.9 0.845=0
0.72 0.42 0.8 0.86=0
0.69 0.44 0.9 0.23
0.69 0.43 0.8 0.48
0.93 1
0.93 1
0.66 0.41 0.8 0.57
0.52 0.32 0.4 0.19
0.38 0.77 0.7 0.84
0.97] 0.9 0.84
0.89 0.34 0.9 0.84
0.69 0.19 0.6 0.43
0.66 0.24 0.5 0.56
0.31 0.66 0.4 0.64
0.31 0.58 0.3 0.48
o.o7 [ * I
0.69 0.41 0.7 0.64
0.93 1
0.90| 1
0.55 0.37 0.7 0.3
0.48 0.45 0.7 0.64
0.65 0.43 0.7 0.17
0.69 0.26 0.7 0.17
0.45 0.38 0.8 0.17
0.45 0.73 0.8 0.8
2.69 0.62 7 0.84
0.69 0.43 0.5 0.42
0.45 0.54 0.8 0.63
2.66 0.39 7 0.42
0.83 0.25 0.8 0.57
0.35 0.58 0.8 0.8
0.72 0.24 o [
0.79 0.45 0.8 0.8
0.76 0.02 1
1.00 -0.99 1
0.65 0.42 0.7 0.28
0.89 0.55 0.9 0.84
0.83 0.59 0.9 0.84
0.62 0.25 0.7 0.48
0.66 0.14 0.8 0.8
0.42 0.62 0.9 0.84
0.86 0.13 0.9 0.23
0.86 0.35 0.8 0.8
0.76 0.25 0.7 0.84
0.89 0.23 0.9 0.23
0.24 0.25 0.4 0.55
0.62 0.60 0.9 0.84
0.83 0.36 0.8 0.63
0.45 0.32 0.6 0.35
0.58 0.32 0.8 0.48
0.28 0.32 0.6 0.6
0.41 0.20 0.8 0.63
0.17 0.32 0.4 0.57
0.52 0.47 0.5 0.72
0.79 0.58 0.8 0.8
Online
76.19
15.02
10

Chemistry 122 initial data with highlighted areas of concern
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