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A
bstract. Accrediting organizations in higher education have shifted emphasis from in-
direct measures such as student course evaluations, focus-group interviews, and employer
surveys to direct measurement of student performance using appropriate assessment
instruments. In response, we developed a spreadsheet tool for reports and analysis of test
assessments (STRATA) to document and evaluate quantitative data from test questions
linked to learning objectives in an introductory undergraduate management science (MS)
course. STRATA automatically generates a variety of tables and charts that allow us to
examine our students’ achievement at three different levels: individual question item, MS
topic (subsets of items), and total score. It also tracks test results over time and produces
summary reports. In this paper, we discuss STRATA’s features, its usefulness in meeting
accreditation requirements, and how it can provide faculty with valuable feedback in ways
that encourage meaningful conversations about course content and pedagogy.
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1. Introduction
Colleges, notably schools of business and engineering,
are under considerable external pressure to monitor
and improve their performance, so major accrediting
organizations place strong emphasis on the assess-
ment activities of the schools they evaluate. As a result,
operations research (OR)/management science (MS)
faculty are under increasing demands to participate in
assessment activities for their discipline. These activ-
ities often include the use of course-embedded exams
for direct measurement of students’ knowledge and
skills on specified learning objectives. Longitudinal
data on exam results must then be collected, ana-
lyzed, and documented in reports. To meet require-
ments for closing the loop (Banta and Blaich 2010),
these results must be used to guide instructional and
curriculum changes for continuous improvement. In
this paper, we present an interactive spreadsheet-
based tool to support comprehensive analysis of data
from assessment tests and to assist in report generation
with granularity ranging from individual test questions
to course topics to overall scores. The spreadsheet tool for
reports and analysis of test assessments (STRATA) can
be customized to summarize test results by course,
18
instructor, and/or session in a variety of graphs and
tables. It will also perform tests for statistical sig-
nificance to facilitate detailed examination of stu-
dents’ performance at the question item level.
STRATA was developed after several years of an-

alyzing test data manually in Excel. It was designed
for accessibility, ease of use, and automation of in-
depth comparative analyses of assessment data col-
lected from multiple instructors over time. We also
considered using standard statistical software such as
SPSS or R. However, their general-purpose nature
would require substantial coding to produce the
output needed for assessment reporting and user
expertise with the software. In contrast, STRATA can
be run by anyone with basic Excel knowledge, and its
instructions, available functions, tables, and charts
are tailored to specific tasks associated with “assur-
ance of learning.” Overall, STRATA is a flexible tool
with an intuitive user interface for dynamic visuali-
zation and analyses of assessment test data. Although
our presentation in this article is focused on MS,
STRATA can be applied to data from any objective
test questions, including true/false and matching
formats, as well as standard multiple choice.
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This paper is organized as follows. First, we provide a
brief overview of the general assessment process for
context and background on the motivation for the
development of STRATA. This is followed by a
summary of relevant literature on the role of direct
assessment testing within the process as it pertains to
OR/MS courses. Then we describe the key compo-
nents of STRATA and demonstrate its application in
assessing an introductory undergraduate MS course.
Using example learning objectives and test ques-
tions, we illustrate how STRATA has been used to
evaluate student performance and guide improve-
ments on course learning outcomes. Directions for
initializing STRATA, assigning questions to topic
groups, and importing data are provided as an ap-
pendix, in conjunction with an open-source version
of the tool. We conclude with a brief discussion of
how STRATA tables and charts are used at the ag-
gregate level to form the basis of an assessment report
for input to the accreditation process. Finally, we
share some remarks on the evolution of our con-
ceptions of assessment through development and
implementation of STRATA.

2. Background
Demands for accountability in higher education date
back to the 1970s, when government agencies and leg-
islatures began to ask for evidence of student learning to
justify budgetary allocations. These mandates initially
led to requirements for accrediting organizations to add
criteria on educational quality and effectiveness at the
institutional level. Subsequently, the focus moved to
the program level and resulted in the development of
standards for outcome-based assessment by major
accrediting bodies in both business (see references in
Black and Duhon 2003) and engineering (see refer-
ences in Olds et al. 2005).

The program-assessment process is generally por-
trayed as a cycle that starts with a strategic mission
statement and determination of broad educational
goals. Learning objectives associated with these goals
are defined to articulate the knowledge and skills that
students are expected to have upon completion of the
program. After mapping objectives to the curriculum,
appropriate assessments are selected for purposes of
measuring student learning. Analysis and interpre-
tation of assessment data then form the basis for
planning and implementing future curricular and
pedagogic modifications. This final step, often re-
ferred to as “closing the loop,” feeds assessment re-
sults back into the program to continuously improve
educational effectiveness.

While there are multiple approaches to assessment
(Suskie 2009), both the Association to Advance Colle-
giate Schools of Business International (AACSB 2013)
and the Accreditation Board for Engineering and
Technology (ABET 2018) require assessment plans that
include direct evidence of student learning. Conse-
quently, most programs employ some form of indi-
vidual student testing via either a standardized in-
strument (Ling et al. 2015; see also references in
Douglas and Purzer 2015) and/or a locally designed
exam (Hadjicharalambous 2014). There are a number
of benefits associated with tests of course-related
content that are constructed in-house, including tai-
loring of questions to specific learning objectives, ease
of revision, and increased faculty participation in the
assessment process (Smith et al. 2010). However, one
of the drawbacks is the underlying cost of managing,
analyzing, and reporting test results.
We addressed this disadvantage by developing

STRATA to facilitate evaluation and documentation
of assessment test outcomes for an introductory un-
dergraduate MS course. Our faculty had previously
used an iterative process to detail a list of learning
objectives and write corresponding test items for the
final exam. To meet the AACSB standard for assur-
ance of learning, we designated a senior faculty
member as assessment coordinator responsible for
managerial tasks associated with collecting exam
data, summarizing student scores, and annual report
writing.We also implemented a feedbackmechanism
whereby our coordinator provides us with a detailed
analysis of aggregated data at the test-item level and a
confidential instructor’s report on our students’ rel-
ative performance. Although we found this feedback
to be critical in reviewing our assessment results, it
placed a huge administrative burden on the assess-
ment coordinator. STRATA was born primarily in
response to the need for automation of the tedious,
time-consuming aspects of assessment data analysis
and report production.

3. Literature Review
Course grades provide a summary measure of stu-
dent performance; however, they do not provide
sufficient detail on the degree to which students
have met learning objectives for accreditation pur-
poses (Banta et al. 2016). SinceAACSB’s assurance-of-
learning standard went into effect in 2003, the Major
Field Test for a Bachelor’s Degree in Business (MFTB;
Educational Testing Service 2016) has become popular
for direct measurement and benchmarking of under-
graduate competency in the business discipline, pri-
marily as an exit exam. It incorporates questions from
nine content areas: accounting, economics, manage-
ment, quantitative analysis, information systems, fi-
nance, marketing, legal and social environments, and
international issues. Ling et al. (2015) found evidence
of a moderate correlation between MFTB scores and
grade-point averages in a synthesis of 24 published
studies. Other research has examined the relationship



20
Palocsay et al.: Spreadsheet Tool for Analysis of Assessment Data

INFORMS Transactions on Education, 2020, vol. 21, no. 1, pp. 18–33, © 2020 The Author(s)

D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
s.

or
g 

by
 [

21
6.

73
.2

16
.2

04
] 

on
 1

4 
Ju

ly
 2

02
6,

 a
t 1

0:
26

 . 
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y,

 a
ll 

ri
gh

ts
 r

es
er

ve
d.

 

of MFTB performance to a variety of student char-
acteristics, including gender, SAT scores, business
major, culture, and motivation (see references in
Ketcham et al. 2018).

The quantitative analysis module constitutes ap-
proximately 11% (13) of the 120-question MFTB and
purports to cover a wide range of probability, statistics,
and operations management (OM) topics that include
traditional OR/MS techniques such as linear program-
ming (LP) and project scheduling (Educational Testing
Service 2016). Subscores on MFTB modules first be-
came available in 2014, and we located two analyses
of data from this component. A confirmatory factor
analysis of MFBT items by Avery et al. (2014) raised
concerns about quantitative analysis being the only
one of the nine business content areas with a re-
ported factor loading below the recommended 0.5
threshold. Settlage and Wollscheid (2015) looked at
the relationship between ACT scores, major grade-
point average, age, gender, major, and total number
of courses taken in business subject areas to MFTB
subscores. Their results showed that after control-
ling for demographic variables, the only statistically
significant explanatory variable for the quantitative
analysis subscore was the number of finance courses.

The need for valid assessment tests in science,
technology, engineering, and mathematics (STEM)
has also received a great deal of attention (Douglas
and Purzer 2015). In this domain, the creation and
implementation of concept inventories—standardized
tests designed to evaluate students’ understanding of
core ideas—are prevalent (Evans et al. 2003). A dis-
tinction is made between conceptual and factual
knowledge for formative assessment of strengths and
weaknesses in reasoning about fundamental princi-
ples. Concept inventories use a multiple-choice for-
mat to facilitate identification of specific student
misconceptions, measurement of the effects of ped-
agogical methods, and analysis of the instrument’s
psychometric properties (Goldman et al. 2010). The
literature indicates that these types of standardized
tests have been or are currently under development
for a wide range of STEM subject areas (e.g., Allen
2006, Steif and Hansen 2007, Taylor et al. 2014).
However, we did not find any concept inventories for
industrial or systems engineering that encompass
traditional OR/MS topics.

To earn and maintain full accreditation, both AACSB
and ABET require detailed, systematic documenta-
tion of metrics to measure achievement levels on
learning objectives over time. As a result, assessment
plans commonly include some combination of course-
embedded instruments such as assignments, projects,
cases, labs, and exams. When they contribute to-
ward the course grade, these types of classroom as-
sessment tools are inherently motivating to students.
By incorporating existing course materials, they are less
burdensome to instructors, provide instant feedback,
and can be easily modified. Our search for publications
that involve the use of assessment methodologies in
OR/MS courses uncovered the following works (in
chronological order):
• Assessment of student performance demonstrating

effectiveness of using a measurable-quantity transla-
tion method to formulate LP models (Stevens and
Palocsay 2004)
• Pre- and posttesting of both actual and perceived

knowledge forMBA students in six competency areas
of business statistics (descriptive/graphical analysis,
probability, statistical inference) and MS (LP, decision
analysis, quality control) (Price and Randall 2008)
• Percentages of correct responses on final exam

questions in online business statistics and MS MBA
courses to measure application and interpretation of
inferential procedures andmathematical formulation
and Excel implementation of a network LP model
(Sebastianelli and Tamimi 2011)
• Teaching notes describing an MBA assignment

integrating regression analysis, simulation modeling,
and decision trees for a location decision with sample
assessment results (Klingenberg 2012)
• Cluster analysis of test results in business sta-

tistics to identify themost difficult learning objectives
and those where instruction had a positive impact
(Stevens and Palocsay 2012)
• Test instrument with empirical findings for a

two-decision business scenario requiring LP model
formulation, graphical solution, and written inter-
pretation (Williams et al. 2016).
All these studies identify various performance is-

sues in learning OR/MS-related quantitative subject
matter. Our goal is to extend this body of literature
in several directions. First, we deliver spreadsheet
software designed to reduce the workload associated
with capturing, analyzing, and reporting data on
question items from any multiple-choice assessment
test. Then we highlight STRATA’s features and dem-
onstrate its application within a formal assurance-of-
learning process for an introductory MS course. We
also share a sample of detailedfindings fromSTRATA
forMS test questions and discuss how they were used
in our assessment process.

4. Design and Functionality of STRATA
We developed STRATA to be a user-friendly inter-
active software application in the Microsoft Excel
environment. It is designed to perform four major
functions in support of assessment test data analytics:
data importation, question grouping, statistical an-
alyses, and report generation. Execution of these
functions is supported by an array of Excel features,
including tables, charts, slicers, andmacros written in



21
Palocsay et al.: Spreadsheet Tool for Analysis of Assessment Data
INFORMS Transactions on Education, 2020, vol. 21, no. 1, pp. 18–33, © 2020 The Author(s)

D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
s.

or
g 

by
 [

21
6.

73
.2

16
.2

04
] 

on
 1

4 
Ju

ly
 2

02
6,

 a
t 1

0:
26

 . 
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y,

 a
ll 

ri
gh

ts
 r

es
er

ve
d.

 

Visual Basic for Applications (VBA). However, knowl-
edge of VBA programming is not required. STRATA’s
functionality is available to the user through a col-
lection of five Excel worksheets: Data, Topics, Gen-
eralSummary, Coordinator, and Drilldown. Users
can easily navigate between and within these work-
sheets to investigate assessment test results via VBA
buttons and/or worksheet tabs, as described later.

For demonstration purposes, we loaded STRATA
with fictionalized data for approximately 3,000 students
on an MS assessment test consisting of 63 multiple-
choice questions that was administered over seven
periods (i.e., semesters) by 10 different instructors.
The questions are grouped into eight categories that
correspond to the main topics in our introductory
MS course. (STRATA reads comma-delimited files
from coursemanagement systems such as Blackboard,
as well as text and Excel files. If multiple versions
of the assessment test were constructed by shuffling
the order of question items, then we provide a separate
utility tool to synchronize student answers to a single
test form. Directions for formatting and importing test
data and assigning questions to topics are provided in
the appendix.)

STRATA opens to the GeneralSummary worksheet
with an overview of test results, as shown in Figures 1
Figure 1. GeneralSummary Worksheet (Upper Section)
and 2. The top section of this report shows the overall
success rate for each topic, computed by averaging
the percentages of students with correct answers
to questions in that category. For example, Figure 1
indicates that student performance was lowest in
integer linear programming (ILP) and simulation,
with average success rates of only 70.1% on question
items in those categories, in comparison with 83.2%
on forecasting questions. Figure 1 also provides
descriptive statistics and histograms for test scores
based on all 63 questions using all of the available data
and for only the last two time periods. Although the
means andmedians are approximately the same here,
the median is highlighted on each histogram because
the mean is more sensitive to outliers. To summarize
test results over time, this worksheet presents the
chart in Figure 2, which graphs average test scores
and the percentage of students receiving a passing
score. The threshold for passing (here 60%) is set by
the user when initializing STRATA.
From the GeneralSummary worksheet, users can

move to either the Coordinator worksheet, where a
variety of detailed reports can be generated, or the
Drilldown worksheet for comprehensive test results.
Both of these worksheets permit the user to interac-
tively filter data based on instructor and/or academic



Figure 2. GeneralSummary Worksheet (Lower Section)
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session. A bar chart at the topof theDrilldownworksheet
shows the overall topic success rates for the sessions and
teachers selected (Figure 3). It is followed by three
descriptions of results for each test question in the
lower portion of the worksheet (Figure 4). Relative
frequencies for each answer are shown with cor-
rect answers highlighted and horizontal bar charts
for visualization of distributions. For instance, it is
easy to see that questions 1 and 6 had similar success
rates of 63.9% and 66.1%, respectively.However, there
was less variation in the answers chosen for question 1,
with 21.0%of students incorrectly selectingA,whereas
most of the errors on question 6 were split almost
evenly between B (15.0%) and D (13.9%). The per-
centage of students who earned a passing score of 60%
or higher on the test is also calculated here. Options are
available for viewing questions in numerical order or
by performance—from either best to worst or worst
to best. Note that the assignment of question items to
topic categories can be referenced as needed on the
Topics worksheet (Figure 5).

Below the detailed relative frequencies, STRATA
computes and displays the success rate and most
Figure 3. Drilldown Worksheet for All Data (Upper Section)
popular incorrect answers for each question. To identify
the most widespread misconceptions, warning signs
are displayed for questions with a wrong-answer per-
centage that exceeds a user-specified threshold. In our
fictional data, average success rates were similar on
formulation of LP models (73.0%) and solving LPs
graphically (73.5%). Yetmost students (90.4%) answered
question2 onLPmodeling correctly,whereas only 62.2%
were successful on question 11 on LP graphing. And
21.9% of students made the same error on this question,
indicating a misunderstanding that may be addressable
by classroomexamples orpracticeproblems.This section
of the Drilldown worksheet in Figure 4 helps to im-
mediately flag 9 of the first 15 questions on the as-
sessment test as having specific, identifiable errors
above the threshold rate of 11%. To focus on recent
test results, the user can turn on multiselection and
limit analysis to the recent sessions. Figure 6 dem-
onstrates this, limiting the report to sessions 1709
and 1801.
On the Coordinator worksheet, STRATA runs both

descriptive and inferential statistical analyses to sup-
port examination of student outcomes on each test



Figure 4. Drilldown Worksheet for All Data (Partial View of Lower Section)
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question by instructor. In Figure 7, we see that five
instructors taught a total of 848 students in the MS
course during the last two semesters, with average
test scores ranging from 74% to 81%. For statisti-
cal inference, we hypothesize that each instructor’s
students are a random sample drawn from a pop-
ulation whose success proportion is the same as the
overall success proportion on that question for those
semesters. Then green- and red-highlighted boxes
visually depict statistically significant results (at the
0.05 level) that are above or below average, respec-
tively, for each test item.

This allows the assessment coordinator to quickly
identify questions on which everyone’s students had
about the same success rate. It also distinguishes
those questions from test items where one or more
instructors’ students did particularlywell or poorly in
comparison with the general population. While col-
oring is based on a z-test of proportions for each
question, there is no correction for repeated use of p-
values, so these results should be viewed as more of a
flag (green or red) than a formal statistical test. An
instructor can track his or her students’ performance
on a particular question over semesters, and that
question item becomes notable only when a color
pattern persists over multiple semesters. If a single
question is identified as being an instructor’s biggest
potential problem, though, then the results for that
question in the next semester could be used in a
single z-test.
Figure 7 demonstrates this for a user who chose to

review the results of the two most recent sessions. It
shows that question 3was relatively easy, with 91% of
students answering correctly and no significant dif-
ferences among instructors. However, the overall
success rate on question 8 was only 71%, with 86% of
Thuban’s students answering correctly in comparison
with rates of 58% and 57% in Rana’s and Bharani’s
classes, respectively. STRATA also displays the dis-
tribution of test scores for each teacher during these
two semesters in side-by-side box plots. To put these
results inproper context, thehistogramofall test scores for
those two sessions is repeated from the GeneralSummary
worksheet (Figure 1) adjacent to the box plots.



Figure 5. Grouping of Questions into Topic Area
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After exploring assessment results from the session
perspective, the coordinator can then proceed to the
next section of the Coordinator worksheet to generate
a detailed summary report for each instructor. As an
example, Figure 8 shows a partial screenshot for Spica,
who has taught the MS course for four sessions. The
average test score for Spica’s students was 68% in
her first semester with a 73% pass rate. In this session,
her students had statistically significant lower per-
formance (red boxes) on multiple test items on LP
formulation, LP graphical solution, and queuing.
However, compared with other instructors in that
time period, Spica’s students were stronger (green
boxes) in LP sensitivity analysis. Over time, there is
Figure 6. Upper Section of Drilldown Worksheet for Two Most
evidence of steady improvement in the weaker areas.
By the fourth session, Spica has a test average of 77%,
with 95% of her students achieving a score of at least
60% and solid or better performance on all the course
topic areas. A button at the bottom of this worksheet
will execute VBA code to write and save the assess-
ment results for Spica to a new Excel workbook. This
file, shown in Figure 9, can then be sent directly to
the instructor. Because of the confidential nature
of instructor-specific data, the Coordinator work-
sheet should be limited to use for continuous im-
provement planning.We discuss the sensitive aspects
of this step in the assessment process and how we
handle it in our conclusions.
Recent Sessions



Figure 7. Coordinator Worksheet for the Last Two Sessions
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5. Example Assessment Results
Using STRATA

The MS course is a core requirement at the sopho-
more level for admission to our college of business
and covers traditional OR/MS topics using Excel
spreadsheet modeling. Our approach to meeting the
AACSB’s assurance-of-learning standard in this course
is based on a well-defined set of learning objectives
with corresponding test items written by senior fac-
ulty members. Although outside the scope of this
paper, we note that the process for developing these
objectives and question itemswith carefully designed
Figure 8. Partial Teacher Results on the Coordinator Worksheet
distractors requires substantial time and effort and is
critical to obtaining actionable assessment results.We
use constructed-response questions for evaluation
throughout the semester; however, a multiple-choice
format was selected for assessment testing to stan-
dardize scoring and provide more precise measure-
ment of student knowledge (Simkin and Kuechler
2005). Both learning objectives and test items un-
dergo regular review and revision by full-time fac-
ulty. In this section, we present some examples of how
using STRATA to analyze test results has given us a
better understanding of student misconceptions, as



Figure 9. Partial Individual Teacher Report
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well as evidence of our teaching effectiveness and
guidance for continuous improvement.

One of our MS learning objectives is for students to
be able to graphically solve a linear programwith two
decision variables. We also have a set of objectives for
essential algebra skills, including graphing, solving,
and evaluating the numerical values of linear equa-
tions. Consider the LP graph and a subset of the
questions about it with student outcomes shown in
Figure 10: correct answers with success rates are in
boldface green, and themost frequent incorrect answer
is indicated in red with its percentage. The average
Figure 10. LP Graphing Questions with Correct (Green) and Mo
success rate on these four questions was 50%. We can
immediately see that performance on question 4 was
strong and indicated that a majority (91%) of our
students could correctly solve two simultaneous
equations and evaluate the objective function at this
point. However, question 2 only required plugging
x = 40 (y = 0) or y = –10 (x = 0) into the objective
function C = x – 4y, and yet it had a very low success
rate of 27%. We were surprised to see most of our
students using both intercepts in the objective without
thinking that either of the two numbers should be used
alone to specify its value. This error occurred even
st Frequent Incorrect (Red) Rates
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when they could successfully compute the objective
function value in question 4. This item continued to
show poor discrimination over several sessions be-
tween students who otherwise demonstrated solid
knowledge of the LP graphical solution procedure
and those who did not. It was also duplicating
question 4 in evaluating the learning objective on LP
objective function value calculation. Following rec-
ommended guidelines for writing reliable test items
(Kehoe 1994), we subsequently decided to delete
question 2, making room for expansion of the as-
sessment test in other areas.

Figure 10 also shows that more than half of stu-
dents (62%) answered question 1 correctly. The most
common error resulted from 35%of students failing to
test a point to determine the feasible side of con-
straint 2 (that is, 2x ≤ y), a line through the origin. It
suggested that our students needed to see more ex-
amples of constraints with positive slopes. The suc-
cess rate on question 3 was also poor (31%), with a
substantial group of students (46%) understanding
Figure 11. LP Sensitivity Analysis Questions with Correct (Gree
that the optimal point occurs where the objective
function line moves out of the feasible region but
wrongly assuming that it always shifts downward
for a minimization linear program. Our assessment
coordinator provided an example of a one-product
maximization linear program with a limited budget
and a demand that depends on advertising spending
for classroom use in illustrating a nonintuitive di-
rection of optimization. The summary report from
STRATA identified these problem areas, and indi-
vidual instructor reports helped our faculty tomonitor
their students’ outcomes. Two years later, the success
rates for these two items had increased to 67% and
51%, respectively.
Another group of LP-related learning objectives

focuses on sensitivity analysis. In this module of the
MS course, we emphasize practical applications of
what-if analysis to develop students’ quantitative
reasoning skills. Figure 11 provides a LP model with
its corresponding Excel Sensitivity Report and a
subset of the assessment test questions on changes
n) and Most Frequent Incorrect (Red) Rates
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in objective function coefficients (OFCs) and right-
hand-side (RHS) values. Questions 5 and 6 both had
relatively solid success rates of 68% and 76% com-
pared with the previous five-year averages of 49%
and 51%, respectively. An examination of the most
common mistakes informed us that whereas there
had been improvement, 16% of the students were still
not checking the RHS range before applying the
shadow price, and 14% continued to believe that a
change within the RHS range of a binding constraint
would not affect the optimal cost. We discussed
teaching strategies to target these misunderstand-
ings and saw an 11% increase in the success rate of
question 5 and modest improvement (3%) on ques-
tion 6 the following year.

We expected students to have difficulties with RHS
range analysis but were surprised by the low success
rates of 44% and 45% on questions 7 and 8, respec-
tively. Although students recognized that these were
OFC ranging problems, many of them did not fully
understand what it means to say that the optimal
solution (i.e., values of the decision variables) will
remain the same while the optimal objective func-
tion value changes. After reviewing course materials,
some of our instructors found that they had less class
coverage of OFC range analysis because of an as-
sumption that it was conceptually easier. Modifica-
tionsmade the next year led to a significant increase in
success on question 7 (up to 61%), although question 8
continued to be problematic.

Our introductory MS course covers queuing models
as a prerequisite to business process management in
the OM course. Students have already completed a class
in introductory statistics with exposure to the Poisson
and exponential probability distributions prior to the
MS course. Learning objectives for this topic include
selecting the appropriate queuing model, determining
Figure 12. Queuing Questions with Correct (Highlighted) and M
mean arrival and service rates, converting between
times and rates, and interpreting steady-state queuing
statistics. Figure 12 describes a queuing scenario for
car washing where the number of servers corre-
sponds to the number of teams, with a sample of four
questions from our assessment test. Most students
(82%) found the correct statistic (Wq) in question 10,
with only 5% choosing W instead of Wq. However, in
question 9, 8% of the students minimized Wq instead
of Lq (69%). There were also errors in the interpre-
tations of systemprobabilities (question 11) andmean
service rate versus mean service time (question 12).
Faculty discussions of these results led us to increase
the emphasis on applications of queuing statistics
over computations. Within two years, average suc-
cess on these four questions improved from 70% to
77%. The most persistent misconceptions in queuing
have been about discrete state probabilities in con-
junction with varying numbers of servers.
6. Concluding Remarks
Our MS course coordinator gathers assessment test
data each semester for analysis and produces both
summary and instructor reports using STRATA. De-
tailed success rates at the item level are then reviewed
by full-time faculty to examine trends, identify strengths
and weaknesses in student learning, and look for
ways to address common errors. This targets the
common stumbling block of closing the loop (Banta
and Blaich 2010): applying what has been learned
from the assessment process to continually improve
the quality of the course. It is important to regularly
revisit the content of courses and programs to en-
sure that they reflect the knowledge and skills that
are needed for student success in the marketplace.
However, closing the loop also entails improving
the learning process itself, which is characterized
ost Frequent Incorrect Rates
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by an interaction of faculty, students, and course
materials. STRATA facilitates this improvement in
several ways.

The academic quality of incoming students is vari-
able and not directly under our control. STRATA as-
sists us in flagging changes and leads to modification
of our presentation of course material in light of them.
When a concept is consistently troublesome for stu-
dents, STRATA helps us to see if a new approach
shows evidence of being a significant improvement
over previous ones. It has aided us in identifying what
is relatively easy or difficult for students in general.
The information available to individual instructors has
allowed them to quickly distinguish between concepts
where almost all students dowell or poorly and concepts
where the performance of their own students is either
significantly better or worse than that of their peers. By
recognizing areas where focused attention and/or con-
sultation with other faculty may be useful, instructors
can substantially improve their teaching effectiveness.

At the end of each academic year, an updated
longitudinal report on MS assessment results is sent
to the administration. This report includes aggre-
gated descriptive statistics and graphs from STRATA
that do not contain instructor-specific information.
These data are accompanied by a discussion of how
we have applied findings from the previous year’s
assessment process to continually improve the value
added to the core business curriculum by our MS
course. As a result, it provides documentation in
support of AACSB Standard 8, which requires use of
“well-documented, systematic processes for deter-
mining and revising degree program learning goals;
designing, delivering, and improving degree pro-
gram curricula to achieve learning goals; and dem-
onstrating that degree program learning goals have
been met” (AACSB 2013, p. 32). This MS course report
serves as input to the “portfolio of evidence demon-
strating achievement of learning goals” (AACSB 2013,
p. 33) at the program level for accreditation purposes.

In addition to showing progress in teaching MS
topics over time, these reports have documented
fall–spring seasonal patterns and negative impacts
associated with larger class sizes as well as more
teaching by adjunct faculty and instructors without
doctoral degrees. Our department head has been able
to effectively use these data in support of requests for
more tenure-track faculty lines. We also note that use
of STRATA is not limited to any specific subject area,
and it is currently being applied to analysis of as-
sessment test data for our introductory business sta-
tistics course.

The individual STRATA reports have been par-
ticularly helpful to our newest instructors who came
on board with varying amounts of prior teaching
experience. The immediate, objective feedback on
specific learning objectives has given them reassur-
ance about those aspects of their teaching that are on
track and guidance for making adjustments to their
methods and materials where needed. In our as-
sessment program, instructor-level outcomes are kept
confidential by the coordinator and only available to
the teacher for continuous improvement purposes.
This requires faculty ownership of the assessment
process and a high degree of trust between faculty
and the administration. We recognize that we are
fortunate to be in an institution with a culture that
places value on the use of assessment to inform
pedagogical decision making. However, if privacy
cannot be maintained, STRATA can still be used for
summary and test-item analyses by loading data
anonymously. Furthermore, with its flexible design,
STRATA’s capabilities can be applied to data from any
assessment instrument with multiple-choice items,
regardless of course content.We are now in the process
of implementing STRATA for assessment of intro-
ductory business statistics.
Numerous challenges are associated with the opera-

tion of a robust assurance-of-learningprogram—defining
appropriate learning outcomes, developing a plan to
measure those outcomes, implementing assessment
methods, preparing reports on assessment data, and
using assessment results to inform curricula changes
and effect learning improvements in accordance with
an institution’s mission (AACSB 2019). Insufficient
resources and a lack of faculty involvement are often
cited asmajor barriers to establishing andmaintaining a
systematic assessment cycle with a successful feedback
loop. STRATAwas conceived not only to assistwith key
administrative tasks that must be performed but also to
helpmake assessment information readily “actionable”
(Kuh et al. 2015, p. 3). As a result, it is helping us to
address these issues for our MS course.
Althoughwe are currently blessed to be teaching in

the analytics era (Liberatore and Luo 2010), history
has shown us the importance of delivering relevant
content with high instructional quality in our OR/MS
courses. We supply the mathematical models that are
at the center of advanced predictive and prescriptive
analytics (Lustig et al. 2010). As corporations seek
a higher level of analytical maturity, expertise in OR/
MS modeling will become critical to improving busi-
ness processes (Gartner 2018). We need to ensure that
our students have the requisite knowledge and skills
to build, implement, and interpret OR/MS-based solu-
tions. Employment of STRATA is supporting a data-
driven approach to increase student learning of analytics
in our core undergraduate business curriculum.

Appendix. Getting Started with STRATA
STRATA is a powerful and easy-to-use tool for analyzing
the results of multiple-choice assessments across sessions,



Figure A.1. Load Data File into Excel
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teachers, and topics. Entering your data into STRATA is
straightforward, but this guide should address any ques-
tions that might come up as you prepare to use STRATA.

1. Before using STRATA, get your data into Excel.
Whether your assessment answers are recorded in a com-
puter or on Scantron sheets, your assessment results will be
coming back to you in one or more files. The one you will
need for STRATA is the one that contains the raw data: the
question-by-question answers given by each student. This
file will probably also contain additional information. It
may be a .csv file, a .txt file, an Excel file, or another file type
that Excel is capable of importing. We’ll get that data in
shape before opening the STRATA program. If you do not
already know how to import a file into Excel, we’ll walk
through it here.

Run Excel; then click on the Open icon. Click on Browse
on the list of options that appears; then navigate to the
directory that contains your file, as we did in Figure A.1.
Figure A.2. Excel’s Text Import Wizard (Step 1)
Click on the dropdownmenu in the lower right corner of the
popup and tell Excel that you want to see All file types.
Now select your desired file, and click the Open button. If
your file is a .csv or an Excel file, that’s it—Excel should
simply open the file.

In this tutorial, our file is a text (.txt) file, so there’s a little
more to do. When you click Open, you’ll see a box like the
one in Figure A.2. Click on Next.

You should now see something like thewindow shown in
Figure A.3, where each piece of information is sensibly
sorted into columns in the lower portion of the window. If it
isn’t, click on the various choices of theDelimiters checkboxes
until the sorting is sensible; then click Finish.

Your sheet is now in Excel, looking something like the
spreadsheet shown in Figure A.4.

STRATAwillwant columnA to contain the IDof the teacher
(if any) and column B to contain the ID of the session (if any).
Column C should contain the answers to the first question
Figure A.3. Excel’s Text Import Wizard (Step 2)



Figure A.4. Data File After Successful Importing into Excel

Figure A.5. First Two Columns are Used for Teacher and Session IDs
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of the assessment. This means that in our example file, we’re
going to delete the current column C and use columns A
and B for Teacher ID and Session ID. (The data shown
include only students of Professor Jones in the first session
of 2019, but the sheet can containmultiple teachers and sessions.)
We’ll also delete row one, containing the headers. The
result will look like the spreadsheet shown in Figure A.5.

The session IDmust be numeric. If you havemultiplefiles
from multiple teachers or sessions, you can combine them
into a single Excel file at this time, or you’ll be able to add
each file like the preceding one into STRATA one at a time.
In either case, the preparation is done, and it’s time to
open STRATA.1

When you open STRATA in Excel, it will prompt you to
enter a name for yourworkbook. Doing this will ensure that
you always have a pristine copy of STRATA around if you
want to begin a new STRATA project later.
Figure A.6. Enter Student Data After Correct Answers and
Point Values
2. Tell STRATA about your exam.When STRATA opens,
follow the onscreen prompts to tell STRATA about your
assessment instrument. Note that youmay choose howmany
points to assign to each question; the default is one point per
question. After entering your exam key, click on the Enter
Data button shown in Figure A.6. STRATA is now ready to
accept your students’ info.

Copy the information from the file you created in step 1 by
selecting it, choosingCopy, clicking on the blue cell beneath the
word Instructor in STRATA, and pasting your information.

You can continue to paste additional files beneath any
that you have already added—just begin in the first empty
cell in the Instructor column.When you have finished, click
on the Data Update GO! button. At any later date (e.g.,
after a later session) you can add additional results in the
sameway. Justbe sure to clickonDataUpdateGo! inFigureA.7
after adding additional results.
Figure A.7. Press the DATA UPDATE GO Button After
Adding Student Results



Figure A.8. Multiple Test Forms with Differently Ordered Answers
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3. Identify questions by topic. STRATA now takes you to
its Topics sheet. If you wish, you may now identify any
question with the topic to which it belongs—simply follow
the instructions on that sheet. You do not have to create
topics, and not every question has to belong to a topic. When
you are finished (or if you do not wish to use topics), click on
the Go! button. The setup is complete.

A Supplementary Tool Allowing the Use of Multiple Test
Forms: UNSCRAM
For additional security, multiple versions of an examina-
tion may be desired. The easiest way to accomplish this is
simply to reorder the exam questions. STRATA cannot deal
directly with multiple test forms, so we provide another
spreadsheet tool, UNSCRAM, that provides that func-
tionality. UNSCRAM rearranges each student’s answers so
that their order corresponds to the order of questions on the
master test form. The resulting output can then be pasted
directly into the STRATA data input area.

When UNSCRAM is opened, it asks for the number of
questions on the examination and then provides an area in
which the user records how these questions are reordered
in the alternate test versions. UNSCRAM assumes that
question 1 on the exam is used to record the student’s test
form and treats form A as the master test form. Up to four
reorderings of questions may be used as different versions,
corresponding to forms B, C, D, and E.

Suppose, for example, that form B was obtained from
form A by moving a block of questions (questions 5–8 on
form A) to the beginning of the form B test. We can imagine
creating Form B with a simple cut-and-paste operation, as
shown in Figure A.8.

This is exactly the information that UNSCRAM wants
you to provide: If the questions on form A kept their
original numbers, what would the numbering order on the
new form be? On the actual test form B, of course, normal
numbering will be applied, so students will see question 1,
asking for the test form letter, and then question 2, which
was question 5 on the original version, and so on.

Once key information is entered, click on the Enter
Data button in UNSCRAM. Paste the data you created
in step 1 into UNSCRAM. Now click on the Convert
to Master button. UNSCRAM will reorder the answers
so that they conform to the order on the master test
form, form A, putting these results on the Data2 tab. At this
point, paste this information into STRATA as described in
step 2.
Endnote
1 If the assessmentwas given usingmultiple test forms that scrambled
the questions, then the student answers will need to be rearranged
before using STRATA. We provide another tool, UNSCRAM, for
doing this. Instructions for using UNSCRAM appear at the end of
this tutorial.
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