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Instructor-Facing Graphical User Interface for Micro-Credential
Designation and Refinement in STEM Curricula

Abstract

An instructor-facing Graphical User Interface (GUI) for micro-credential formation and tracking
within STEM curricula is designed, prototyped, and evaluated. It enables instructors to readily
associate skills with response-level elements within digitized assessments of Canvas LMS for
issuance of micro-credential badges, without the need for computer programming expertise. An
instructor survey of preference and acceptance levels of skill tracking was conducted. Survey
results were used to design an input flow and interface to tag skills. The Tkinter Python-based
computer coding library was utilized to create rapid check buttons and the Matplotlib backend
was deployed to generate pie chart views of instantaneous course performance against tagged
skills. A case study demonstrates the process for highest and lowest achieved skills via an auto-
appending CSV file, allowing the instructor to identify and react to semester-long performance
of learners by tracking badge issuance rates up to 17.3% within a required Computer
Engineering undergraduate course.
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Related Work

Awarding badges or the process of micro-credentialing students continues to evolve, especially
in higher education where course letter grading has had a predominant role for centuries. More
importantly various employers who seek to hire graduates have been seeking employer-facing
solutions that can provide more confidence in selecting future employees that match the desired
skillsets. Therefore, some educational corporations have aimed to provide solutions to fill the
niche to provide badges to “validate competencies, drive engagement, improve completion, and
increase enrollment”, as stated in the Canvas credentials digital badges for higher education site
[1]. The current market is primarily led by companies like Badgr and Accredible, prioritizing
activity-centered credentialing methods rather than the automation of assessment-based skill
evaluation through an interface directed towards instructors, an approach explored and improved
upon in this paper.

The Badgr framework grants instructors and course designers the ability to manage badge
requirements in the courses and review privacy protected leader boards and other features such
as learning pathways to motivate students through the course. Badgr provides a leaderboard that
helps to track individual student performance and provides a gamified view of acquiring badges.
Considering the diverse range of features supporting badge creation, distribution, and assessment
provided by the company, the system can restrict instructors to award badges solely based on
criteria such as overall course grade, completion, module fulfillment, and assignment
performance or completeness [2].



The Accredible framework highlights its product through three primary features: automating
badges and certificates, enabling students to view badges within the Canvas LMS, and
employing single sign-on (SSO) for streamlined authentication [3]. Similar to other products,
Accredible relies on the instructors or course designers to employ topic-specific modules to
assess a student's eligibility for credentials. The company states that they have worked closely
with customers for easy integration with the LMS.

Most products and services within the industry that are in the same or similar realm often
necessitate instructors to utilize multiple websites/platforms and depend on using modules to
track student performance on a skill or topic that requires a badge. There are three key features
that sets the AchieveUp user interface and experience presented in this paper apart from both
Badgr and Accredible, and that is minimal extension to implement in a preexisting course, the
ability to tag multiple skills throughout the semester standard digital quiz-based assessments, and
a simple interface that needs very little learning to operate [4]-[5]. Future work on AchieveUp
will focus on extending the user domain to more curricula and integration with machine learning
techniques to help instructors identify and track skills with minimal expenditure of time and
effort.

Introduction to Automating Micro-Credentialing Framework for STEM Curricula

Micro-credentialing has been an active and fruitful area of educational research within recent
years. The drive to utilize micro-credentialing is due to its ability to innovate the field of
education by assessing students' acquired skills beyond the scope of conventional grades or
assessment scores available to instructors. The user-centric interface implementation builds upon
an open-source NSF project aimed to measure student performance and disperse badges in a
manner that has not been achieved prior. The context in this framework is to data mine various
key information from the assessments in the learning management system (LMS) to award
digital badges to students that show comprehension of topics seen in a course [6]-[9]. There are
opportunities to understand and broaden participation in undergraduate curricula, especially
within courses which are required to earn a degree within STEM fields [10].

In response to remediating at-risk students, various methods have been explored, such as C. L.
Bruder’s approach to develop a gamified curricula for engaging student participation and
garnering digital badges [11]. Additionally, other forms of improving modern education in
courses can be demonstrated by implementations of an evaluation and proficiency center (EPC)
or Electronic Laboratory Assessments (ELAs), where students take proctored digitized quizzes
that facilitate in remediation via personalized tutoring with graduate teaching assistants [12] —
[13]. In building upon various implementations, AchieveUp was coined as the overarching name
for the framework upon which the instructor-facing graphical user interface for micro-credential
was applied to. AchieveUp consists of various phases, consisting of tagging skills to questions,
acquiring student performance, and dispersions of digital badges to represent skill competencies
in courses.

This paper focuses on the feasibility, design requirements, prototype development, and
refinement of user interface to support instructor-facing micro-credentialing flow. The employed
approach expands upon foundational research that leverages student submissions within Canvas
to evaluate and award badges corresponding to skills attainable within the course. Instructors



seeking to incorporate micro-credentialing into their courses should be able to assign skills to
individual questions as well as receive useful data in an easy and useful manner. Thus, making it
integral that this project can allow the foundational research of micro-credentialing port into the
real-world undergraduate curriculum. The work herein extends the authors’ Python-based
analysis toolset, which was developed to identify achievable skillsets of students, to extend it
into a fully user-accepted micro-credentialing tool. In the following sections the details in regard
to steps taken for the extension is presented. The outcome of the project will allow instructors to
not only better manage how or what they focus on when teaching a course, but also allow for
more targeted tutoring by being able to identify and fill knowledge gaps of at-risk learners and
disperse badges to reward high achieving students to display the skills received in the course.
The development of said project is dependent on taking the already developed work on micro-
credentialing and tailoring it for utilization among various STEM instructors. As described by G.
Ghaith and H. Yaghi, instructors often are more willing to implement new implantations to their
classroom when it aligns with their current workflow, signifying the importance that an
implemented framework should not add many steps to the already busy workflow of an
instructor [14].

At the commencement of the project, the primary step as with any user-interface design
endeavor, entails an examination of the requirements and desires of the idealized user. In design
brainstorming sessions with prospective instructors, a prototype user interface was formulated
based on their user needs and preferences. In the preliminary informal survey aimed at enhancing
the micro-credentialing process, the authors gathered feedback from prospective instructors
regarding the feasibility of a graphical user interface to tag skills with questions. Ideally, this
would display a visualization of the overall performance per skill after students have completed
the quiz-based assessment. The application that tags skills should have a very simple interface
which consists of traversing all the questions in each quiz and having the functionality to select
multiple skills per question. The project was further refined for master’s thesis work and
unpublished as of yet [5].

Next, the user interface comprising the feedback portion, would rely on the development of an
application that that visually illustrates areas where the class excels or needs improvement in
attainable skills. The initial version of the applications became refined during a student-led user
interface design project. The recommendations obtained centered on providing a more user-
centric design, as well as pushing the feedback of skills in a more concise manner, rather than
simply a pie chart. The primary challenge that the project aims to resolve is the fact that many
instructors are not inclined to interact with Python scripts, and or mundanely go through a matrix
of questions to tag skills to each question. Thus, the primary objective was to develop a user-
friendly application that demands minimal learning curve for successful operation.

During the phase of application development, the foundation was laid by utilizing the pre-
existing coded algorithm from previous iterations of the research. The inclusion of the Tkinter
package, chosen for its status as a standard Python interface to the GUI toolkit, extended the
functionality [15]. A segment of the project's development phase involved acquiring the
proficiency to seamlessly incorporate the graphical user interface (GUI) framework into the
existing Python scripts, which contain the logic for generating a matrix and assigning badges to
students. Under the constraints leading the knowledge needed for crafting a user interface in the



specified programming language, the design incorporates a JSON file for instructors to input an
access token and skill names, obviating the necessity for the application to request basic
information upon each instructor initiation. The system presented embodies the definitive
structure for the foundational version of the user interface, positioning it for beta testing in
advance of full-scale deployment.

The applications that structure the AchieveUp framework consist of two main programs utilized
throughout the semester, which are to extract questions to tag, and calculate student performance
in skills. The overall process can be streamlined through three primary phases. The first phase is
the extraction phase, which is required to extract the questions from Canvas LMS, to develop a
data matrix that is further used to tag with skills. The second phase is the credentialing phase,
this is the backbone of the project. The credentialing encompasses the traversal over the matrix
of questions and student performance to assign the skills for each assessment to the students.
Then the most recognizable phase is the reporting phase; this encompasses the badge dispersals
with overall student-by-student report of each skill. Given the AchieveUp’s ability to tabulate,
calculate, and present student performance is highly dependent on matrixes that the user interface
is hiding, the title “MUI” was coined as the title for the matrix user interface.

Instructor 4 \
@ SkillAssigner 0
MUI A\
< > &
MatrixMaker
+ STEM Instructor
* No coding knowledge \ = /
+ Lecture or Lab format Consisting of:
+ Already using » Python Scripts
digitalized assessments + CS8Vfiles
delivered via canvas + JSON files

Figure 1: The Matrix User Interface (MUI)
MatrixMaker

In developing the application that is synonymous for the extraction phase the name
“MatrixMaker” was coined, due to the systems reliance on a data matrix that is used to tag skills
to each question within the assessments. The idea for developing the application was to have
some way of extracting questions from canvas to store in a way that skills can be visually tagged
to questions. As with most projects, the goal is to achieve a functionable product as a proof of
concept, prior to putting it into ease of use for non-technical users. Therefore, the initial design
was dependent on a “script overseer” such as a graduate teaching assistant with programing
experience, to run the applications via accessing the source code. For data mining to occur, the
application necessitates access to the Canvas LMS. This means that the user would have to input
a bearer access token, and URL course specific values to the source code. In addition to this, the



user would have to manually open the matrix of questions to tag each question with skill(s).
There were two main concerns with this, first, the user would have to feel comfortable with
modifying Python programming language code, and the second, is that the person who is tagging
the questions must make sure that the skills are typed in correctly without any accidental
characters. Prior to the development of the MUI, functional requirements of tagging skills were
achievable, but demanded the expertise of an experienced individual with enough time to verify
that all tagged skills were inputted correctly [4]-[5].

This paper introduces the implemented design, presented in Figure 1. It aims to deliver a
streamlined approach that makes the application viable to a wide range of instructors. While
designing it became clear that the most time consuming and most error-prone portion of the
system is tagging the skills to the questions. Therefore, since the MatrixMaker is directly
responsible for creating the data matrix upon which skills are tagged to questions it made sense,
from both the user and developer points of view, to build a user interface that integrates with the
tagging of the skills to each question. This is important for two main reasons, one the user no
longer has a potentially huge data matrix that is relatively unpleasant to view on a question-by-
question basis, as well as mentioned earlier, the need to input text into the cells in the matrix to
correlate skills to questions.

When modifying the application, there were a couple main focuses in mind, the first was to make
sure that the application was easy to use, and that it was relatively simple in design. With the
demand to have the first version available in less than four months, it was integral to have a
simple design for development. After discussing with advisors that are the targeted users of the
product, as well as reviewing what was most reasonable on the development side, the product
would consist of a simple page that displays a question and an option to select the skills that
apply. Therefore, the user interface only needed to display the question, present all the skills as
check buttons to select all that apply, a next button, and a quit button.
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Figure 2: MatrixMaker Interface

Figure 2 illustrates the MatrixMaker application utilizing a universally understandable interface
with acceptable colors. The flow that the program uses is that it begins with the first question in
the assessment and lists all the instructor specified skills for the course with check buttons. The
idea is to have the user iteratively traverse each question in the specified assessment through the
interface scene in Figure 2. Keeping with the initial idea for tagging questions, the user interface
is continuously updating the matrix of questions with their specified skills behind the scenes. If
the user wishes to edit or view the matrix, they are free to do so, however this graphical user



interface was designed with the intent of minimizing direct user interaction with the matrix or
code. When developing the interface and conducting informal interviews with target audiences,
there were some variabilities in opinions on how the design should have been. Nevertheless, in
the pursuit of creating a product that satisfies a broad range of users, those consulted were able to
reach a mutually agreeable compromise. For instance, one of these individuals wished to utilize a
drag-and-drop feature to assign skills to questions individually by moving them to a specific
column on the screen, while another preferred the convenience of a checklist displaying all skills
alongside the questions. As a result, the compromise involved presenting questions one at a time
with the inclusion of checkbox buttons.

SkillAssigner

The next module was named “SkillAssigner” that is continuously executed throughout the
duration of the semester for each assessment, as it follows the MatrixMaker after students have
taken the given assessment. In the foundational work, the SkillAssigner was developed to mine
the student statistics on performance for a given assessment, calculate the skills if any for each
assessment, and output a matrix with each student and what skills they demonstrated (if any) for
a particular quiz-based assessment. As mentioned with the MatrixMaker, the SkillAssigner also
required the user to have experience to specify the given assessment in the source code. Overall,
the SkillAssigner effectively fulfilled its primary function, which was to compute and provide an
assessment of a student's performance based on the skills demonstrated in a specific quiz-based
assessment. Nevertheless, it is worth mentioning that while having direct access to the skills of
each student in the assessment is valuable, it presents a challenge for instructors when it comes
to assessing the overall performance of the course using a list of students and their respective
skills [4]-[5].

When enhancing the provided framework, the objective is to create a system that is not only
user-centric but also one that effectively supports the overarching goal of enhancing the
educational experience. A survey was conducted to assess the features that would help instructors
manage the course. Out of five instructors that were surveyed in terms of what they would want
the SkillAssigner to provide, all of them stated that having an easy to view graphic displaying
how the whole class is doing would be most ideal. Established on the feedback received from the
participants, a pie chart has been disseminated, accompanied by an update to a dynamic log that
provides a display of course performance for each assessment on which the SkillAssigner
performed analysis on.
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Figure 3: SkillAssigner’s Summary Result View

In addition to the automated generation of a pie chart depicting skill achievement distribution, it
was stated by an instructor who focuses on human-computer interaction, that pushing the most
important data to the user is fundamental to the process of user acceptance. Consequently, aside
the pie chart has the highest and lowest achieved skills from the course to make it easier for the
user to gather the most important statistics faster than tediously traverse the statistics.
Accompanying the pie chart is a data matrix shown in Figure 3. The file consists of a column
with all the skills for the course, and the preceding columns consists of the quiz-based digital
assessments the application was ran on. The SkillAssigner application was developed to make a
dynamic matrix of student achievable skills. Therefore, if an instructor decides to add another
skill for an assessment, the newly specified skill will be appended to list of already listed skills.
The benefit is to provide a visual presentation of the class performance consolidated into a pie
chart and matrix file appended throughout the semester to track class performance as the
instructors manage the course.

Evaluation and Results

The evaluation consisted of various STEM instructors that resemble the target audience for the
micro-credentialing system. The key features that are shared amongst the instructors that were
surveyed are that they are all in STEM, invested in improving higher education, and currently or
planning to implement digitalized quiz-based assessments. The responses collected via the
instructors consisted of answers to four survey questions, which involved asking the participants
that they would rate the user interface from one to ten, the likeliness of implementing the system
in their course(s), comments, or suggestions, and if they have seen any similar product or
service. The survey revealed that 50% of the participants rated the user experience a 10 out of 10,
37.5% rated it a 9 out of 10, and 12.5% rated it seven out of 10. Overwhelmingly 62.5% of the
participants stated that they see themselves “highly likely”” and the other 37.5% said “likely” to
use something like this in their course. The most interesting responses came from the
participants' comments or suggestions. For instance, one participant stated that they see this
framework as a tool that could be used to highlight skills in a course to be public to students, for
making the course selection process simpler on the student side. More specifically, the
participant stated that “this could help to fill the knowledge gap for those students who do not
have some of the skills needed for the course and skip concepts that they are already familiar



with.” Moreover, another participant stated that “the ability to tag questions with skills is novel.
Displays created also highlight top-level outcomes which are of interest to an instructor. These
features support UI capabilities which would be a positive aspect to utilize and do so in a direct
and usable format.” All the participants also stated that they have not seen a similar product or
service [4]-[5].

In Figure 4, there are three distinguishable skill acquisition trends which AchieveUp can reveal
by analyzing the number of students who demonstrated each skill as the course progressed. For
instance, Figure 4 shows ‘Computational/ Algorithmic Thinking’, ‘Conduct Open-Ended
Design’, and ‘Conduct Tradeoff Analysis (A vs B)’ respectively as three unique skillsets
obtainable in a required undergraduate course on Computer Organization, which was utilized in
the analysis of student data. Figure 4 (a) presents a case where skill T3 is acquired /inearly at a
constant rate through the semester, signifying that the competency of the skill among students
increases somewhat uniformly as the semester proceeds. On the other hand, Figure 4 (b) displays
a front-loaded skill acquisition flow which occurred for skill T5. A front-loaded acquisition
signifies that most, or in this case all, of the students who obtained this skill had acquired it on
the first coverage of the topic, and no additional learners subsequently demonstrated the skill.
Automated identification of such a scenario can provide a significant opportunity for the
instructor to focus on enhancing the acquisition of this skill which employers are interested in the
latter phases of the course. As another case-in-point, a back-loaded skill acquisition seen in
Figure 4 (c) exhibiting T6 represents that nearly all students who acquired the skill did so at the
end of the course. This can help to inform instructors regarding the provision of additional
resources in the earlier stages of the course to broaden student learning experience. Taken
together, skill acquisition reporting facilitated by data mining of digitized assessments can offer
new insights for both instructors and future employers.
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Figure 4: Three Identifiable Trends in Skill Acquisition: (a) Linear Skill Acquisition, (b) Front-
Loaded Skill Acquisition, and (c) Back-Loaded Skill Acquisition.
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