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ACAT Assessment of Grade-Based and Outcome-Based Criteria
Abstract
Building on substantial work done on a new automated course and program assessment tool, we
undertook an experiment to determine the accuracy of the outcomes assessments. We compared
assessments of course-level outcomes using manual instructor assessments in Moodle and our
Automated Course Assessment Tool (ACAT). Four courses taught in the Spring of 2015 were
considered. Two are Laboratory courses, and two are traditional book-based courses with exams
or projects. We found that in all but one specific case the manual assessment matched the ACAT
assessment. In the sole case that did not match, a single indicator attempted to measure all course
outcomes simultaneously. The study considered 34 students, 27 outcomes, and used 107
indicators to measure the outcomes. A single indicator affecting two students caused three
outcomes to be adjudged incorrectly.
Introduction
Higher education assessment is typically addressed at three levels: course, program, and
institution. We have previously presented a developmental Automated Course Assessment Tool
(ACAT) that automatically assesses course-level and program-level outcomes. The software
works by reading Moodle gradebook entries that instructors have mapped to course-level
outcomes. It then computes an assessment of both course-level and program-level outcomes
based on these mappings.
An objection to grade-based course-level outcomes has been noted by ABET1. It is desired that
course-level outcomes be assessed independent of a final grade for a course. At issue is the
accuracy to which a single grade may be applied to a number of course-level outcomes. In our
methodology we do not assess an entire course by a single final grade. Our software selects
individual Moodle gradebook items to perform the assessment. While this is an improvement, it
is sometimes the case that multiple course-level outcomes are assessed by a single gradebook
entry. Thus, it still may not provide enough granularity in assessment.

To validate our approach, the ACAT software has been updated to accept Moodle's course-level
outcomes. Our school has run an experiment in which a sampling of courses were evaluated
using both gradebook entries and independent assessment of course-level outcomes using
Moodle's outcomes. In this paper, we will report on these findings and the correlation between
measuring a few course-level outcomes per gradebook item and the independent Moodle-based
assessment.

Figure 1. Screen shot showing the instructor’s courses and the list of approved course outcomes
for ease and consistency of assigning.
ACAT Software
The Learning Management System (LMS) used by the author’s institution is the open source
Moodle2 LMS. It allows external programs to access its database (e.g., grade book data).
The Automated Course Assessment Tool (ACAT)3 assessment software has been developed at
Daniel Webster College for the purpose of assisting end of semester determination of courselevel outcomes and automatic generation of program-level outcomes. Briefly, ACAT maps
Moodle gradebook entries to pre-defined course-level outcomes. After logging in, the user

selects the Define Outcomes menu option.. This will display a window with all the courses the
professor is authorized to see. The course instructor selects a course for mapping through a
graphical user interface as shown in Figure 1. The instructor is presented only with courses
he/she is an approved instructor for.

Figure 2. Screen shot showing the Moodle gradebook mappings for a specific course outcome.
Once the course is selected, a dropdown list of course outcomes is automatically as shown in
Figure 2. Once an outcome is selected, a table is automatically generated that contains a list of
all the Moodle gradebook items for the particular course. The first column is then used to select
the specific outcomes for the assessment. Each assessment can be weighted. The third column
provides a grade weighting factor, and the fourth column provides a rubric weighting factor. An
instructor needs only to select the appropriate checkbox items for each of the course outcomes.
After the instructor saves the mappings, both course outcomes and program outcomes are
automatically generated.

Course outcomes must have been previously entered by a Dean or Administrator. The software
string-matches the Moodle course-name entry. If no match is found, the software informs the
user the course is not available in the database. If it is successfully identified, an instance of the
course is created automatically and a database is populated with the currently approved course
outcomes. If outcomes change from semester-to-semester, the database course instance contains
the historical outcomes that were in effect at the time the course was offered. Having unique
identifiers for all course outcomes allows year-over-year comparisons, even if some outcomes
have changed.

Figure 3. Screen shot showing the generated course outcomes.

As shown in Figure 3, once a course has been mapped, the software automatically generates a
table that summarizes the percentage of students who met, partially met, or failed to meet each
course outcome. The first column lists each outcome. Due to limited screen space, only
outcomes 2 through 10 are shown. The second column displays the performance indicators (i.e.,
Moodle gradebook items) used to evaluate the course outcome. For example, outcome 4 has
three indicators. The program normalizes the weights based on instructor inputs during mapping.
Since each performance indicator was equally weighted, each contributes one- third of the final
evaluation. Columns 4 through 6 show the average grade, number of students, and percent of
total students who Meets, Partially Meets, and Fails to Meet the performance indicator. As an
example, outcome 2 with performance indicator Individual Project – Slot Machine shows that 3
students (3 out of 5, or 60%) achieved Meets objectives and their average score was 91%. One
student (20%) partially meets with a score of 60%. One student also Fails to Meet with a score of
48%. The seventh column gives the average score for a specific performance indicator for all
students. Continuing with the slot machine example, the average grade of all students on this
indicator was 76.2%. The last column gives the weighted average of all performance indicators
for a specific outcome. For outcome 2, that is 81.9%. Finally, across the bottom of each row, the
weighted average per outcome is given. Thus, the weighted percent of students who Meets
outcome 2 is 3.5 or 70% of the class. The number of students who partially meet outcome two is
0.9 students, or 17.5%. The weighted number of students who Fails to Meet is 0.6 students, or
12.5%.
Program-level outcomes are also computed by ACAT using the weighted percent of students
calculated in the course-level outcomes. No further instructor input is necessary. Program-level
performance indicators are identified and composed from course-level outcomes. Program-level
outcomes are composed of a number of performance indicators. These mappings are defined by
the Deans or Institutions. Once course-level outcomes are computed, the software uses them to
compute the Program-level outcomes3.

Figure 4. Screen shot showing Moodle course outcomes for CS411 Artificial Intelligence, Spring
2015.
Moodle Assessment
Moodle also has a built-in course assessment. As shown in Figure 4, course outcomes are first
entered into the Moodle database for each course. In this case they are the same outcomes that
we use in the automated system.

Figure 5. Screen shot showing assessment of Moodle course outcomes during grading.
We then set up a grading rubric in Moodle for evaluating course-level outcomes. As shown in
Figure 5, our institution uses a No Outcome (0) / Fails To Meet (1) / Partially Meets (2) / Meets

for Outcome Assessment (3) Rubric for Moodle. In ACAT a student meets objectives if his/her
score on the activity is 70% or better. He partially meets the outcome with a score of 50% to
69%. Below that, the student has failed to meet the objective.
Once Moodle is set up, outcomes are then assigned to Moodle activities (Exams, Assignments,
etc.) by selecting the appropriate check boxes for each activity. When an instructor grades an
activity, he/she simultaneously and independently assesses the outcomes. This is a manual
process in that the instructor provides a score for the activity and a separate assessment of the
outcome. This decouples an aggregated grade from the outcome assessment. In the case of a
Moodle exam that is automatically graded, this places an additional burden on the instructor due
to the manual outcome assessment process.

Figure 6. Screen shot showing a partial Moodle course outcomes report for CS411 Artificial
Intelligence, Spring 2015.
At the end of the course, Moodle automatically generates an Outcomes report, as shown in
Figure 6. In this example we show a subset of three outcomes used in the course. The first
column lists the outcome name (e.g. CS_411_Neural_Nets). The second column gives the course
average. The third column provides information as to whether the outcome can be used across all
courses or is local to a particular course. Global Moodle outcomes are what we refer to as

Standard Outcomes in ACAT. The fourth column lists the activity that was used for assessment.
Of note is that all three outcomes shown in Figure 6 use the Final Exam activity to assess each
outcome. The fifth column provides the average assessment of all participants for that activity. In
the first row the average of 2.6 is computed from 4 students meeting and 1 student failing to
meet the outcomes ( (4*3 + 1*1)/5 = 2.6 ). The overall average in column 2 is the average of all
activities ( (2.6 + 3 + 3)/3 = 2.87 ). In Moodle it is not possible to assign a weight to an outcome.
The last column identifies the number of students that participated in the activity.
A limitation of the current Moodle system is that outcomes are assigned to the entire Quiz
activity and not individual questions within a quiz. Manual assessment of the outcome is a
burden to instructors. At the time of this writing there are proposals to assign outcomes to
individual quiz questions. One commercial branch of Moodle supports this capability4. This
allows automatic assessment of Quiz outcomes.
Experimental Process and Results
To evaluate the effectiveness of ACAT gradebook assessment of outcomes versus manual
assessment, an initial study was performed during the Spring 2015 semester. Four courses were
selected for both manual Moodle evaluation and automated ACAT evaluation. Two courses were
Laboratory group-based learning using CATME5 peer assessment. Manual assessment was based
on the individual grade computed using the CATME contribution factor. The first class, Game
Design and Development Capstone Project (GD426), had a 1-to-1 mapping between activities
and gradebook entries. It was therefore expected that manual and automated outcome
measurements would match exactly. The second class, Sophomore Software Engineering Lab II
(CS204L), is similar to GD426 except that one Moodle Quiz activity on software engineering
design patterns was administered. However, since this quiz measured only a single course
outcome, it was also expected to have identical manual and automated assessments.
Two instructional courses were also selected for dual evaluation. The first was 3D Game
Programming (CS409). The second was Artificial Intelligence (CS411). These courses had
traditional homework assignments that generally evaluated one outcome. However, they both
had exams or projects where multiple outcomes were measured both manually and using the

automated ACAT software. These courses also had group activities where CATME was used to
assess individual performance and outcomes determined consistent with the Laboratory courses.
In all cases except one outcome, the instructor-based outcome assessment was identical to the
ACAT automated assessment.

Figure 7. Screen shot showing 3D Game Programming (CS409) standard outcomes
CS411 had five students enrolled in the class. With 10 outcomes to measure, including a final
exam that measured multiple outcomes, ACAT and the manual assessment were equivalent.
CS409 is the only class where ACAT and manual assessment diverged. Fourteen students were
enrolled. Figure 7 shows the 6 outcomes being assessed. One particular indicator, a Group
Project, measured all 6 outcomes. Of the 6 outcomes, 3 of them matched the ACAT assessment.
However, an instructor evaluation of each outcome showed two of the fourteen students failed to
meet 3 outcomes. Specifically, C# programming, Unity, and Basic 3D techniques were manually
adjudged to have not been met for two students, even though they had achieved a passing grade
for the project.
In summary, the study considered 34 students, 27 outcomes, and 107 indicators to measure the
outcomes. A single indicator affecting two students caused three outcomes to be adjudged
incorrectly.
Conclusions and discussion
Since ACAT uses the final individual score of the indicator to assess all outcomes, it is possible
for divergences to arise in comparison with manual assessment. The largest class with 14
students identified one such divergence. This also suggests that it may be desirable to the extent

possible to design indicators that don’t attempt to measure large numbers of outcomes. This is
analogous to using a single grade to assess outcomes.
An observation is that the Exams, which also measured multiple outcomes, did not show any
divergences. This may be due to a small sample size. CS409 did not have a final exam. Notably,
ACAT can also use Moodle Outcomes directly because they appear as gradebook entries.
Moodle has a roadmap to allow outcomes to be assigned to individual Quiz questions. When this
feature is implemented, it will be possible in many cases to automatically assess student
outcomes with no instructor mappings required. A further enhancement for non-Quiz outcome
assessment would be to allow an outcome to be assigned to a Moodle grading rubric. With this
addition, the instructor would automatically assess the outcome when he/she scores the activity
using the rubric.
In courses not included in this study, both projects and exams have been broken into multiple
grade items to enable the assessment of multiple outcomes. For example, in Engineering Design
I (EG110), the class project has separate grade items for communication, mechanical design, and
control system aspects of the project. In Instrumentations and Measurements (EG207), exams are
split into grades for programming, sensor usage, and statistics. In both cases, the single aggregate
grade would be insufficient for assessing all of the course outcomes addressed by the activity as
seen in CS411. With the divided grades, separate assessment is easy to automate and should
avoid the mismatch of assessment seen in this study.
In summary, in all but one case the current gradebook assessment methodology matches the
manual Moodle assessment. The small sample size requires further investigation. The case that
did not match was analogous to using a single grade to assess all outcomes. Future work should
attempt to identify what granularity is acceptable between one activity per outcome and one
activity for all outcomes.
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