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Abstract  
 
Micro-credentials have received renewed attention by universities as a potential pathway to high-
demand careers. The goals of this study were to understand the prevalence of micro-credentials offered 
by universities, the characteristics of universities offering micro-credentials generally and information 

systems (IS) micro-credentials specifically, and the content of IS micro-credentials. To this end, this 
study found that only very few universities are currently offering micro-credentials. Specifically, of all 
1,860 universities listed on US News & World Report, only 127 (6.8%) offer micro-credentials on Credly, 

which is one of the largest digital credentialing platforms. However, once universities offer micro-
credentials, they do so prolifically. In fact, the 127 universities offer a total of 2,308 micro-credentials, 
with 114 (89.9%) universities offering more than one micro-credential for an average of 53 micro-
credentials offered per university. Moreover, this study found that universities offering micro-credentials 
or IS micro-credentials are more likely to be tier 1, public universities located in a city, urban, or 
suburban setting with a higher starting salary of graduates. Lastly, of the 2,308 micro-credentials 

offered by universities, only 195 (8.4%) are IS micro-credentials addressing competency realms defined 
in the IS2020 curriculum. The top IS2020 competency realms are technology, data, and development. 
The most frequently associated skills among IS micro-credentials are cybersecurity, Excel, AI/ML, SQL 
and HTML, CSS, JS. Future research is needed to understand the longitudinal development of micro-
credential offerings among universities (including international universities), on various digital 
credentialing platforms, possibly leveraging automatic data collection and analysis methods.  
 

Keywords: micro-credentials, digital badges, IS2020 
 
 

1. INTRODUCTION 
 
While the concept and implementation of digital 
badges and micro-credentials is not a new 

phenomenon (e.g., Abramovich, Schunn, & 
Higashi, 2013; Ahn, Pellicone, & Butler, 2014; 
Beattie, 2014; Carey, 2012; Rubleske & Cata, 

2017), with the reported lack of qualified future 
computing professionals and the challenges and 
opportunities afforded by the ongoing COVID-19 
pandemic, micro-credentials and digital badges 

are receiving renewed attention. This is 
evidenced by a recent call for grant proposals 
from the Texas Higher Education Coordinating 
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Board entitled, "Accelerating Credentials of 

Purpose and Value Grant Program" (THECB, 
2022), the purpose of which is:  

the development and/or expansion of the 

development of short-term postsecondary 
credentials that incorporate skills and 
knowledge required by high-demand careers 
in three broad areas: digital skills, including 
programming, web and application 
development, digital project management 
and cybersecurity programs; data analytics 

including data analysis and visualization; and 
front-line healthcare including nursing, 
medical specialist and technician programs 
(THECB, 2022, 1). 
 

Further evidence is the growing number of 

colleges and universities that are now offering 
digital badges and micro-credentials along with 
their traditional degree programs.  Digital badges 
“signify accomplishments such as completion of a 
project, mastery of a skill, or marks of 
experience” (Casilli & Knight, 2012, p. 1), while a 
micro-credential represents a verifiable set of 

competencies in a particular skill or area of 
expertise (Casilli & Hickey, 2016; Fanfarelli & 
McDaniel, 2019). Much like the prediction of early 
adopters that Massive Open Online Courses would 
revolutionize higher education and take the place 
of traditional universities and colleges (Ayala, 
Dick, & Treadway, 2014), early promoters of 

digital badges and micro-credentials envisioned a 
similar revolution (Crossley, 2021). While that 

revolution may not have fully materialized, as 
institutions of higher education seek to gain 
competitive advantage and remain relevant in a 
society becoming ever increasingly hostile toward 

the value of a four-year college education, micro-
credentials and badges have grown increasingly 
more popular and appear to be a continuing wave 
of the future. Such that, the number of higher 
education institutions providing micro-credentials 
and digital badges continues to grow. As such, the 
purpose of this paper is to address the following 

research questions: (1) What is the prevalence of 
micro-credentials offered by universities?, (2) 
What are the characteristics of universities 
offering micro-credentials generally and 

information systems (IS) micro-credentials 
specifically?, and (3) What is the content of IS 
credentials? 

 
2. RELATED LITERATURE 

 
While information systems (IS) education has 
consistently been concerned with the alignment 
between IS curriculum and traditional industry-

based certifications from well-known 
organizations such as Microsoft, CISCO, and 

Oracle (e.g., Gomillion, 2017; Marquardson & 

Elnoshokaty, 2020; Reinicke & Janicki, 2013; 
White, 2006), a new trend emerged beginning 
around 2012 centered on the concept of digital 

badges (Abramovich, Schunn, & Higashi, 2013; 
Ahn, Pellicone, & Butler, 2014; Beattie, 2014; 
Carey, 2012) and later related to the idea of 
micro-credentials (Damast, 2016; Rubleke & 
Cata, 2017) continuing into current day (Ermicioi, 
Liu, & Murphy, 2021; McGovern & Gogan, 2021; 
Pike, Brown, West, & Zentner, 2020). Gibson, 

Ostashewski, Flintoff, Grant, and Knight (2015) 
define a digital badge as “a representation of an 
accomplishment, interest or affiliation that is 
visual, available online, and contains metadata 
including links that help explain the context, 
meaning, process and result of an activity” (p. 

404). While the terms digital badge and micro-
credential are often used interchangeably in the 
literature, Fanfarelli and McDaniel (2019) suggest 
subtle differences, in that a micro-credential 
“implies an additional level of validation by a 
central authority such as an academic institution, 
professional organization, governing body, or a 

similar entity with a reputation and a body of 
expertise to qualify them to do this validation” (p. 
11). Casilli and Hickey (2016) emphasize that a 
micro-credential entails the completion of a 
sequence or small cluster of courses related to a 
specific area of expertise. Micro-credentials may 
be obtained from any number of non-technical 

(e.g.,  project management, play therapy, 
entrepreneurship, etc.)  or technical (e.g., 

cybersecurity, Excel, SQL, data analytics, etc.  ) 
areas. 
 
While it was certainly true early on that micro-

credentials were primarily the domain of 
companies such as Coursera, Udacity, and Udemy 
as opposed to universities (Gallagher, 2016), this 
is no longer the case as shown by the results of 
this paper. As universities (e.g., University of 
North Texas, University of Colorado Boulder, 
University of Illinois Urbana-Champaign) may be 

partnering with companies such as Coursera and 
others, many other universities are offering their 
own badges and micro-credentials directly to 
their students. The following literature serves as 

a representative sample of the ways micro-
credentials and digital badges are being 
implemented in IS education.  

 
Rigole and Hollingsworth (2017) conducted a 
study on the effect of badges on achievement and 
engagement in an information technology course 
in an eLearning environment. Two courses were 
included in the study, one fully online and the 

other offered in a hybrid format. The students 
were afforded the opportunity to earn digital 
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badges by completing selected topics in digital 

media fundamentals. The same instructor taught 
each section and the same learning outcomes, 
curriculum, and schedule were used. Students 

earned badges for project-based assignments 
rather than for merely completing quizzes and 
discussion postings. In the course, students were 
able to earn up to six badges each representing 
one point toward their final course grade. 
Students were not required to complete the 
badges and participation was voluntary. 

However, additional badges were implemented in 
the course if students scored an 80% or better on 
the project-based assignments. The final course 
grade was used to measure engagement and 
achievement. The results indicated that 65% of 
students did not increase their final course grade 

due to completing the optional badges, while 35% 
did. In sum, the study showed an increase in 
engagement due to the implementation of 
badges, but not an increase in achievement by 
the majority of students. 
 
To meet the needs of the constantly changing IS 

workplace, Rubleske and Cata (2017) argue that 
the implementation of an IS micro-credential 
program at the graduate-level is well suited. The 
purpose of which is to ensure that graduate IS 
programs become more focused on a specific 
area, remain up-to-date, and provide “a 
credential as an easily shareable and 

informationally transparent digital object 
(Rubleske & Cata, 2017, p. 1). In sum, IS 

graduate programs must become more “agile” in 
their approach to curriculum development in 
order to keep up with the rapid change of digital 
technology such that IS professionals need to 

gain new skills quickly and IS managers need to 
have a means by which to quickly and efficiently 
identify individuals with those skills. As such, 
Rubleske and Cata (2017) suggest that graduate 
IS programs “(1) teach the current IS 
management skills that employers need and (2) 
certify and describe in detail the credentials 

behind these skills” (p. 2). To support this notion, 
four characteristics of university micro-
credentials are described and a set of value 
propositions are identified related to the various 

stakeholders including IS students, IS 
departments, and employers. 
 

Cybersecurity is currently one of the fastest 
growing and popular areas of computing. There is 
a significant need, therefore, for well-prepared IS 
graduates. As such, Pike, Brown, West, and 
Zentner (2020) describe the development of a 
digital badging and e-portfolio environment in the 

area of cybersecurity education. The authors 
suggest that 50% of a student’s learning should 

occur external to the requirements of their degree 

program through competency-based education, 
competitions, research, internships, and student 
clubs in conjunction with support and resources 

provided by faculty and the university. In an 
effort to provide such experiences, a student data 
center (SDC) and security operations center 
(SOC) were established. Both of these centers 
provide students with hands-on experience in a 
real-world environment. To track these activities, 
the use of digital badges is being explored. The 

idea is that students may earn badges for 
completion and assessment of various exercises 
which will then comprise an e-portfolio.  
 
The basic idea behind the awarding of micro-
credentials is to “stack” a series of certificates or 

courses in a related area. Ermicioi, Liu, and 
Murphy (2021) demonstrate how a digital 
badging system can be used to validate stackable 
certificates for micro-credentials in a graduate-
level program. In a similar vein as Rubleske and 
Cata (2017), the authors apply the concept of 
micro-credentials to a graduate program in 

information technology (IT). They argue that “a 
more practical and sustainable approach” is 
needed (Ermicioi, Liu, & Murphy, 2021, p. 1). 
Using a conceptual framework of six forces 
previously developed by two of the authors (Liu & 
Murphy, 2012), a case study is developed 
describing the implementation of a digital badging 

program at the graduate level. By separating 
existing concentrations into certificates (i.e., 

cybersecurity, data science, digital health, digital 
transformation, project management), students 
are now able to complete the certificates 
individually and “stack” them to obtain a 

graduate-level certificate in a relatively short 
amount of time, for example, in two semesters. 
This provides students with a micro-credential 
before completing their graduate degree and 
potentially providing a beneficial credential in the 
event the student does not go on to complete the 
graduate degree. In essence, there is value-

added regardless of completion. The authors 
conclude, “Given the need for reskilling and 
upskilling in the fast-moving IT field, digital 
badging of micro-credentials in the academic 

community is a must” (Ermicioi, Liu, & Murphy, 
2021, p. 8). 
 

The growth of digital badges and micro-credential 
is nowhere more evident than in the area of 
computing and technology. With growth in the 
popularity of data analytics, data science, and 
cybersecurity, for example, well-known 
technology companies such as Google have 

joined the ranks of private companies and 
universities as those who are now offering badges 
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and micro-credentials (Katz, 2021). 

Consequently, IS education is fertile ground for 
the exploration of digital badging and micro-
credentials. Moreover, IS education may be faced 

with making a decision about whether to compete 
or collaborate with the micro-credential and 
digital badge movement. As such, we believe the 
questions examined and the ensuing discussion 
and conclusions within this paper potentially 
make an important contribution to IS education.  
 

3. METHODOLOGY 
 
First, to establish a convenience sample for this 
study, data pertaining to all 1,860 universities 
listed on US News & World Report as of March 2, 
2022, was scraped. US News & World Report was 

selected because it is arguably the most 
comprehensive list of US-based universities, 
despite questions surrounding its ranking 
methodology (Hartocollis 2022). The scraped 
data included the name of each university along 
with its ranking, funding type (i.e. private non-
profit; private for-profit; public), setting (i.e. city, 

urban, suburban, rural, and unspecified), age, 
and median starting salary of graduates. While 
US News & World has one overall ranking, it 
assigns actual rank numbers based on an 
institution’s classification (e.g. National 
Universities, National Liberal Arts Colleges, 
Regional Universities Midwest/North/South/West, 

Regional Colleges Midwest/North/South/West). 
Instead of trying to infer rank numbers, we simply 

grouped the institutions into three tiers based on 
US News & World’s own classification: Tier 1 
(national) includes all institutions classified as 
National Universities or National Liberal Arts 

Colleges. Tier 2 (regional) includes all institutions 
classified as Regional Universities 
Midwest/North/South/West or Regional Colleges 
Midwest/North/South/West. Lastly, tier 3 
(unranked) includes all institutions not classified 
as either tier 1 or tier 2. 
 

Second, the university names obtained in the 
previous step were used to scrape the Credly 
profile page for each university, if it existed. This 
was possible due to the fact that Credly uses a 

standardized URL schema in the form of 
https://www.credly.com/organizations/$universi
ty_name/badges whereby $university_name is 

replaced with the URL encoded name of a 
university (e.g. grand-valley-state-university for 
Grand Valley State University). The data scraped 
from each Credly profile page, if existed, included 
the number of badges offered as well as the links 
to each badge offered. In turn, the profile page of 

each badge offered was scraped to capture the 
description of the badge and the skills obtained. 

Third, we borrowed from the IS competency 

realms identified in IS2020 A Competency Model 
for Undergraduate Programs in Information 
Systems, in order to ground the technology-

related micro-credentials within the context of IS 
education in an effort to increase the relevancy of 
our study for IS educators. IS2020 represents the 
latest attempt by the Association of Information 
Systems (AIS) and Association for Computing 
Machinery (ACM) to put forth a model IS model 
curriculum. IS2020 differs from previous IS 

model curriculum recommendations (e.g., 
IS2010) by focusing on required competency 
areas rather than a set of traditional learning 
objectives. The IS competency realms include: 
Foundations, Data and Information Management, 
Technology and Security, Development, 

Organizational Domain, and Integration (Leidig & 
Salmela, 2020).  

Finally, using content analysis (Berg, 2001) we 
analyzed the Credly data pertaining to badges in 
order to separate technology related micro-
credentials from non-technology related 
credentials and to classify technology related 

credentials according to the IS competency 
realms. The first step in the analysis process 
consisted of a review of the micro-credential 
name. Where there was disagreement between 
the authors, the micro-credential descriptions 
were analyzed, and further discussion ensued 
when necessary. In sum, the authors, through an 

iterative process, were able to come to 

agreement on the separation of technology 
related and non-technology related micro-
credentials. The second step in the analysis was 
to categorize the technology-related micro-
credentials according to the IS competency 

realms. To facilitate this process, the authors first 
individually categorized the technology related 
micro-credentials according to the IS competency 
realms independently of one another. When 
disagreements arose, the authors discussed in 
detail to come to a consensus on the appropriate 
categorization. The findings provided in the 

Results section reflect the final categorizations. 
Lastly, the skills obtained from Credly were 
combined using simple word matching. So, for 

example, cybersecurity awareness, cybersecurity 
controls, cybersecurity management, 
cybersecurity policies were all combined into 
cybersecurity. Likewise Excel formulas and 

functions, Excel Pivot Tables, Excel spreadsheets, 
and Excel VBA were all combined into Excel. This 
allowed for a slightly higher-order analysis of 
skills. 
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4. RESULTS 

 
Prevalence of Micro-Credentials 
Of the 1,860 universities listed on US News & 

World Report, 127 (6.8%) offer micro-credentials 
on Credly. Of the 127 universities offering micro-
credentials on Credly, 53 (41.7%) offer IS micro-
credentials. On Credly, 127 universities offer a 
total of 2,308 micro-credentials. A relatively small 
number of universities offer a large number of 
micro-credentials. In fact, of the 127 universities 

offering a micro-credential on Credly, 114 
(89.8%) offer more than one micro-credential. 
On average, a university on Credly offers 53 
micro-credentials (M = 53.31, SD = 43.74). The 
most prolific universities on Credly are Grand 
Valley State University (n = 184), followed by 

University of North Dakota (n = 165), and 
Northeastern University (n = 150). 
 
Characteristics of Universities Offering 
Micro-Credentials 
 
Table 1 provides a cross-tabulation of three 

university tiers (i.e. tier 1 – national; tier 2 – 
regional; tier 3 – unranked) and the three groups 
of universities (i.e. all universities listed on US 
News & World Report; universities listed on US 
News & World Report that offer micro-credentials 
on Credly; universities listed on US News & World 
Report that offer IS micro-credentials on Credly). 

If universities offering micro-credentials or IS 
micro-credentials were no different from all 

universities with regards to the tiers they belong 
to, then one would expect a similar distribution of 
frequencies in each of the three columns.  
 

 Number of All 

Universities 

Number of 

Universities 

Offering 

Micro- 
Credentials 

Number of 

Universities 

Offering IS 

Micro- 
Credentials 

 n (%) n (%) n (%) 

Tier 1 – 

National 

626 (34%) 67 (53%) 29 (55%) 

Tier 2 – 

Regional 

840 (45%) 47 (37%) 19 (36%) 

Tier 3 – 
Unranked 

394 (21%) 13 (10%) 5 (9%) 

Total 1,860 

(100%) 

127 (100%) 53 (100%) 

 
Table 1: Comparison of University Tiers 

 
A chi-square test of independence showed that 
there is a significant association between the 
three university tiers (i.e. tier 1; tier 2; tier 3) and 

the three groups of universities (i.e. all 

universities; universities offering micro-
credentials; universities offering IS micro-
credentials) (X2(4) = 30.84, p < .001). Thus, 

compared to all universities, universities offering 
micro-credentials or IS micro-credentials are 
more likely to belong to tier 1 – national. 
 
Table 2 provides a cross-tabulation of three 
university funding types (i.e. private, non profit; 
private, for-profit; public) and the three groups of 

universities (i.e. all universities listed on US News 
& World Report; universities listed on US News & 
World Report that offer micro-credentials on 
Credly; universities listed on US News & World 
Report that offer IS micro-credentials on Credly). 
If universities offering micro-credentials or IS 

micro-credentials were no different from all 
universities with regards to their funding type, 
then one would expect a similar distribution of 
frequencies in each of the three columns. 
 

 Number of All 

Universities 

Number of 

Universities 

Offering 
Micro- 

Credentials 

Number of 

Universities 

Offering IS 
Micro- 

Credentials 

 n (%) n (%) n (%) 

Private, 

Non-Profit 

1094 (59%) 59 (46%) 22 (42%) 

Private, 

For-Profit 

58 (3%) 0 0 

Public 708 (38%) 68 (54%) 31 (58%) 

Total 1,860 (100%) 127 (100%) 53 (100%) 

 
Table 2: Comparison of University Funding 

Types 
 
A chi-square test of independence showed that 

there is a significant association between the 
three university funding types (i.e. private non-
profit; private for-profit; public) and the three 
groups of universities (i.e. all universities; 
universities offering micro-credentials; 
universities offering IS micro-credentials) (X2(4) 
= 23.34, p < .001). Thus, compared to all 

universities, universities offering micro-
credentials or IS micro-credentials are more likely 
to be public. 
 
Table 3 provides a cross-tabulation of five 
university settings (i.e. city setting; urban 

setting; suburban setting; rural setting; 
unspecified setting) and the three groups of 
universities (i.e. all universities listed on US News 
& World Report; universities listed on US News & 
World Report that offer micro-credentials on 
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Credly; universities listed on US News & World 

Report that offer IS micro-credentials on Credly). 
If universities offering micro-credentials or IS 
micro-credentials were no different from all 

universities with regards to their setting, then one 
would expect a similar distribution of frequencies 
in each of the three columns. 
 

 Number of All 

Universities 

Number of 

Universities 
Offering 

Micro- 

Credentials 

Number of 

Universities 
Offering IS 

Micro- 

Credentials 

 n (%) n (%) n (%) 

City 

Setting 

334 (18%) 26 (20%) 8 (15%) 

Urban 

Setting 

342 (18%) 31 (24%) 16 (30%) 

Suburban 

Setting 

491 (26%) 44 (35%) 20 (38%) 

Rural 

Setting 

360 (19%) 16 (13%) 5 (9%) 

Unspecified 
Setting 

333 (18%) 10 (8%) 4 (8%) 

Total 1,860 

(100%) 

127 (100%) 53 (100%) 

 
Table 3: Comparison of University Setting 

 
A chi-square test of independence showed that 
there is a significant association between the five 

university settings (i.e. city, urban, suburban, 

rural, and unspecified) and the three groups of 
universities (i.e. all universities; universities 
offering micro-credentials; universities offering IS 
micro-credentials) (X2(8) = 26.94, p < .001). 
Thus, compared to all universities, universities 
offering a micro-credential or an IS micro-
credential are more likely to be located in a city, 

urban, or suburban setting. 
 
Finally, table 4 shows the average age of the 
university and average starting salary of 
graduates for each of the three groups of 
universities (i.e. all universities listed on US News 

& World Report; universities listed on US News & 

World Report that offer micro-credentials on 
Credly; universities listed on US News & World 
Report that offer IS micro-credentials on Credly). 
If universities offering micro-credentials or IS 
micro-credentials were no different from all 
universities with regards to their age or starting 

salary, then one would expect similar averages in 
each of the three columns. 

 All 

Universities 

Universities 

Offering 
Micro- 

Credentials 

Universities 

Offering IS 
Micro- 

Credentials 

 m (SD) m (SD) m (SD) 

Age of the 

University 

123.20 (48.69) 125.43 (42.09) 121.32 (44.49) 

Starting 

Salary of 

Graduates 

$47,342.35 

($10,121.33) 

 $50,095.04 

($7,120.88) 

 $51,008.00 

($7,689.67) 

 
Table 4: Comparison of Age of the 

University and Starting Salary of Graduates 
 
A one-way ANOVA showed that the difference in 
age of the university between the three groups of 

universities (i.e. all universities; universities 
offering micro-credentials; universities offering IS 
micro-credentials) is not significant (F(2) = 0.17, 
p = .84). Thus, compared to all universities, the 
age of universities that offer micro-credentials or 
IS micro-credentials tends to be the same.  
 

A one-way ANOVA showed that the difference in 
starting salary of graduates between the three 
groups of universities (i.e. all universities; 
universities offering micro-credentials; 
universities offering IS micro-credentials) is 
significant (F(2) = 7.79, p < .001). A Tukey post-

hoc test revealed that the differences in starting 
salary are significant between all universities and 
universities offering a micro-credential (Δ = 

$2,752.69, p < .05) as well as between all 
universities and universities offering an IS micro-
credential (Δ = $3,665.65, p < .05). However, 
the difference in starting salary between 

universities offering a micro-credential and 
universities offering an IS micro-credential is not 
significant (Δ = $912.95, p = .84). Thus, 
compared to all universities, the starting salary of 
graduates at universities that offer a micro-
credential or an IS micro-credential tends to be 
higher. 

 
Content of Micro-credentials 
Of the 2,308 micro-credentials offered by 
universities on Credly, 195 (8.4%) can be 
considered IS micro-credentials as they address 

competency realms defined in the IS2020 

curriculum. The top three IS2020 competency 
realms addressed by IS micro-credentials are 
technology, data, and development. The 
distribution of IS micro-credentials for each 
IS2020 competency realm is shown in figure 1 
below. 
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Figure 1: Classification of IS Micro-

credentials by IS2020 Competency Realm 

Lastly, each micro-credential on Credly has one 
or more skills associated with it. The most 
frequently associated skills among IS micro-
credentials are cybersecurity (7.4%), Excel 
(3.9%), AI/ML (3.2%), SQL (2.7%), and HTML, 
CSS, JS (2.6%). 

 
5. DISCUSSION AND CONCLUSION 

 
Based on the results of this study, it is apparent 
that only very few universities are currently 
offering micro-credentials. The few universities 
that do offer micro-credentials tend to offer 

numerous micro-credentials. Moreover, the few 
universities that do offer micro-credentials tend 
to be highly-regarded and widely-known. These 
universities can be considered early adopters in 
diffusion of innovations theory (Rogers, 2003), as 
they are likely to hold strong positions of opinion 
leadership among their peers. Interestingly, only 

a small subset of micro-credentials focuses on IS 
content as defined in the IS2020 curriculum. 
Clearly, universities have yet to widely adopt 
micro-credentials in general and IS micro-
credentials in particular. Given the wide adoption 
of micro-credentials in the private sector, it is 

likely that the majority of universities will soon 
follow suit. 
 

Contributions 
This study makes several important practical and 
theoretical contributions. First and foremost, it 
provides current and in-depth empirical insights 

into the prevalence, characteristics, and content 
of micro-credentials in general and IS micro-
credentials specifically. These insights can be 
leveraged by organizations in the private sector, 
such as digital credentialing platforms and 
training providers, as well as by universities to 

develop new or adjust current offerings in the 

micro-credentialing space. From a theoretical 
perspective, insights gleaned into the adoption of 
micro-credentials, which is an innovation in 

higher education, by certain types of universities, 
might add to the diffusion of innovations theory 
(Rogers, 2003). 
 
Limitations 
This study is not without shortcomings. First, this 
study was based on a snapshot of data collected 

in March 2022. It is possible that universities 
launched or discontinued micro-credentials 
shortly before or after the data collection, which 
wouldn’t be captured in this study. Moreover, this 
study doesn’t include longitudinal data and as a 
result can’t analyze the development of micro-

credential offerings over time. Second, this study 
used all 1,860 universities listed on US News & 
World Report (n.d.) as a convenience sample. 
While this probably provides a comprehensive 
sample of US-based universities, it excludes all 
non-US-based universities. Third, this study 
cross-referenced all 1,860 universities listed on 

US News & World Report with the names of 
organizations that issue digital credentials on 
Credly (n.d.). Although Credly is one of the 
world’s largest digital credentialing platforms, 
having issued more than 50 million credentials to 
25 million people worldwide, it’s certainly not the 
only one. Hence it’s possible that universities in 

this study’s convenience sample use other or 
additional digital credentialing platforms which 

wouldn’t be captured in this study. Finally, this 
study used content analysis to categorize micro-
credentials into IS2020 competency realms. 
Though great care has been taken to ensure a 

repeatable and objective process, it’s possible 
that the authors shared preconceived notions or 
misunderstandings that led to misclassifications. 
 
Future Research 
To address some of this study’s limitations, future 
research may wish to collect longitudinal data. 

Already capturing just a second dataset and 
comparing it with this study would allow drawing 
certain conclusions regarding the development of 
micro-credentials being offered by universities 

over time. Moreover, future research should 
include international universities in order to gain 
insights regarding differences between 

geographic regions. Furthermore, future research 
should collect data from other digital 
credentialing platforms in order to potentially 
capture more micro-credentials. Lastly, future 
research might benefit from using automated 
data collection and analysis methods that would 

allow for faster and potentially more objective 
results. 
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Abstract  

 
User Experience Design (UXD) is an often-neglected area of the information systems (IS) curriculum. 

UXD classes specifically designed for IS students are still uncommon in IS programs and this study aims 
to add to the body of knowledge to prepare a more well-rounded future generation of IS professionals. 
With this goal in mind, this study describes the redesign of an introductory UXD course following Kolb’s 
learning cycle and constructivist instructional models. This paper describes the implementation of the 
supporting pedagogy and the opportunity for students to better master core UXD concepts. UXD, a 
multi-disciplinary area is built on skills learned in systems analysis and design class while students learn 
to apply relevant concepts through a hands-on, instructor-led, individual, in-class sample project. The 

skills are then applied by engaging students in active learning in a team setting to deliver value to a 
local organization by solving related, real-life challenges. Students work on community-engaged team 
projects to enhance their appreciation of the impact and relevance of their semester-long project 
deliverable. Constructivism guides the instructional models of the framework, in which problem-based 
learning is used to help students build and apply relevant skills. The instructional models and 
implications for instructional design are discussed along with a proposed pedagogical approach, course 

setting and structure, tools and techniques engaged, student feedback analyzed, and lessons learned. 
 
Keywords: User experience design, IS Curriculum, Project-based learning, Community-engaged 

learning, Constructivism 
 
 

1. INTRODUCTION 

 
The recent technological advancements 
contribute to the ability of software development 
organizations (SDOs) to meet the changing user 
expectations. Users expect more than the sheer 
ability to complete a task through a software 

application, they also expect the process to 

provide a meaningful, engaging, and relevant 
experience that ultimately results in greater user 
satisfaction with less cognitive effort (Dadarkar & 
Tiwari, 2022). These user expectations have been 
turning the attention of SDOs to user experience 
design as a dynamically morphing domain as part 
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of their product design. User experience is the 

experience of technology, products or services 
that refers to something larger than usability or 
one of its dimensions such as satisfaction or 

attitude (McCarthy, 2004); it is the emotions that 
the user encounters while using a service, a 
product or an application (Dirin, 2018). 
 
SDOs view UXD from two angles. First, from the 
customer’s point of view UXD provides an 
opportunity for competitive advantage, improved 

return on investment. Customers expect products 
that fulfill their needs to accomplish a task in an 
effective and efficient manner. Positive customer 
experience is found to increase customer loyalty. 
(Cheng, 2020). Second, from the internal 
operation’s point of view UXD has the promise to 

provide increased business process efficiency, 
improved employee productivity, lower training 
costs, reduced error rates, and more secure 
systems to support internal operations (Larson & 
Harrington, 2012). 
 
The demand for UXD professionals is further 

fueled by global organizations and startups that 
aim to build the next generation of websites, 
apps, and IoT devices. Therefore, a well-rounded 
IS professional should possess the basic 
understanding of UXD principles to properly 
address the design-based aspect of information 
systems. The response to this demand is lacking 

in most business schools as part of their 
undergraduate IS programs (MacDonald, Rose, & 

Putnam, 2022). We found from a random review 
of 120 large, medium, and small universities that 
approximately 25% of schools with IS 
curriculums have course with UXD focus. Please 

see Appendix A for a full list of reviewed schools.  
While it is always challenging to augment the 
already packed IS curriculum covering technical 
and business aspects of IS degree requirements, 
market demands for UXD professionals in the 
software industry should not be ignored (Getto & 
Beecher, 2016; Benyon, 2019; Lauer & 

Brumberger, 2016). 
 
UXD is a multidisciplinary area that magnifies the 
effort to design a course that best serves IS 

students. The effort to design, develop, and 
implement UXD into the IS curriculum is further 
amplified given the variety of students’ skills, 

backgrounds, and other IS courses across 
universities. Textbooks are virtually non-existent 
that cover the UXD for IS students and the related 
books mainly cover UXD as part of human-
computer interaction (HCI) with deeper roots in 
cognitive psychology and ergonomics geared 

toward academic fields than practice (Gull, 
Saeed, & Iqbal et al., 2018). Hence, HCI is more 

theoretical while UXD is more practical with 

hands-on project opportunities for IS students. 
Domain specific UXD books include less relevant 
and outdated examples with very limited 

opportunities for the students to practice the 
concepts covered. In order to be successful in the 
IS profession, students need to learn relevant and 
up-to-date skills through engaging projects that 
allow students “learning by doing” (Smith, 2021). 
 
In response to the steady growth of industry 

demand and to develop more well-rounded IS 
graduates, we designed a standalone UXD course 
that builds on prior IS courses and motivates 
students to explore the impact UXD has on users 
of information systems. Students will then use 
the UXD principles in their IS Capstone course 

where they develop an app in response to an 
organization challenge. Learning from the first 
semester experience, we methodologically re-
designed the course with focus on active learning. 
With this pedagogical approach, students have 
the opportunity to explore UXD principles by 
connecting their prior knowledge to the new 

concepts, apply the concepts in a project setting 
and contribute in different roles in a self-
organized team environment (Spielhofer & 
Haselberger, 2021). This overarching progression 
of experimental learning and applying skills was 
well received by students and our analyses found 
increased engagement and motivation. In the 

following sections we review relevant literature, 
the implementation of our pedagogical approach 

and the result of our analyses based on data from 
before and after the pedagogical change followed 
by lessons learned. 
 

2. LITERATURE REVIEW 
 
This literature review aims to compile UXD 
specific scholarship of teaching and learning 
(SoTL) yet occasionally we had to broaden our 
search and include HCI literature beside IS 
educational journals (Kreber, 2007; Witman, 

Ritchlin, & Arboleda, 2007). 
 
UXD in IS 
UXD is a complex, multi-disciplinary domain 

rooted in industrial design with human 
ergonomics and other cognitive psychological 
constituents (Churchill, Bowser, & Preece, 2013). 

Not surprisingly, IS programs scarcely 
incorporate UXD classes into their curriculums 
besides basic usability and user interface design 
principles (Getto, Potts & Salvo, 2013; Haaksma, 
de Jong & Karreman, 2018). User-centricity is a 
premise of digitalization and the recent IS 

literature is more directly pointing out the 
importance of producing software applications, 
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which not only considers the business goals, but 

also the client expectations (Kocielnik, Amershi & 
Bennett, 2019). Brenner, Osterle & Petrie et al. 
(2014) describe the digital user as a new design 

perspective that shifts the focus to the individual 
users and their needs throughout the software 
development life-cycle. Universities and 
professional bodies such as the Association for 
Computing Machinery (ACM) are challenged to 
keep their curricula up-to-date to reflect the 
changing sociocultural characteristics of users. 

Getto & Beecher (2016) and Altay (2014) have 
noted that IS programs are still challenged to 
understand the specific UXD competencies and 
they call for educational programs at universities, 
which include working knowledge of UXD 
principles and processes of digital products and 

services by solving real organizational challenges. 
The ACM Curricula Report of 2020 and the IS 
2020 A Competency Model for Undergraduate 
Programs in Information Systems have 
recognized UXD as part of all four competency 
subgroups and described five distinct draft 
competencies (Computing Curricula, 2020; 

ACM/AIS Task Force, 2020).  
 
UXD in Capstone  
The IS Capstone course is designed for IS 
students during the end of their program of study 
to showcase their relevant skills (Abrahams, 
2010). The class often includes a semester-long 

project on which students work in a team setting 
with instructor supervision and provides the 

students the opportunity to work on a solution in 
response to business challenges of practice 
(Payne, Flynn, & Whitfield, 2008). The capstone 
course with the purpose of empowering students 

to evaluate, appreciate, and apply multiple skills 
and perspectives in the form of a collaborative 
project is a common accreditation requirement 
among colleges (Knox & Nairn, 2021). 
 
UXD in Team Setting 
A common method of delivering UXD courses is 

the emphasis on teamwork. Dividing students 
into groups allows them to be more engaged and 
contribute by applying the techniques, methods, 
and skills they learned in the course 

complemented by their diverse backgrounds and 
experiences. Cliburn (2017) describes the team-
based learning principle method of their course, 

in which students collaborated in the design, 
development, and evaluation of interactive 
applications. In Cliburn’s class students proposed 
a project and then they “applied” for different 
roles on the project based on their skills and 
strengths. Then they followed a methodology to 

understand client needs and develop an 
application in response to the identified needs. 

This approach suggests that developing a highly-

effective, self-organizing team is modeled in UXD 
courses. 
 

UXD in Community Engaged Learning  
Community engaged learning (CEL) is gaining 
increasing importance in higher education and is 
a strategic initiative at the author’s institution. 
This approach is also known as service learning, 
an educational strategy, which combines 
classroom learning with a relevant community 

service experience, especially in the IS Capstone 
course (Wei, Siow, & Burley, 2007; Preiser-Houy 
& Navarrete, 2012). Mulder (2015) describes 
their students’ collaboration with local community 
stakeholders to solve societal problems, yet their 
work was related to HCI curriculum (Gull et al., 

2018). The benefit of CEL  has been discussed in 
the literature, e.g.(Rose, 2005) but it lacks UXD 
specific context. This provides an opportunity to 
harness CEL’s impact on undergraduate IS 
students’ learning experience. Coupled with CEL, 
UXD is a suitable subject matter that could be 
incorporated into the IS curriculum body of 

knowledge. 
 
Learning Models that Support UXD 
Constructivist learning theory is built on the 
premise of building on previously established 
knowledge (Hein, 1991). This principle allows 
students to build personal interpretation of the 

concepts taught in the classroom based on their 
experiences and interactions with others. The 

goal of constructivist instruction should support 
the active process of knowledge construction 
rather than communicating knowledge (Connolly 
& Begg, 2006). This can be manifested in 

engaging students in the actual use of the 
concepts and techniques in real business 
scenarios rather than structured learning for the 
task. 
 
Several instructional models are appropriate to 
support active or experiential learning. First, a 

resource-based view of learning allows the 
instructor to assume a guiding role providing 
resources, a shift from dispensing expert 
knowledge (Rakes, 1996). Second, inquiry-based 

learning allows students to find a solution through 
research and asking questions driven by a goal 
initially provided by the instructor (Hu, Kuh, Li, 

2008). Teaching UXD presents the opportunity for 
inquiry-based learning as students need to gather 
needs and identify areas for improvement 
through interaction with stakeholders, within the 
team and with the instructor.  
 

To support the project portion of the UXD class, 
problem-based learning (PBL) engages students 
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with the process that begins with a problem to be 

solved rather than content to be mastered (Khair, 
Skudai, & Malysia et al. 2011). PBL engages 
students through encouraging them to construct 

their own understanding of the situation, link it to 
their experience and prior knowledge while 
interacting with others to refine their 
understanding and eventually solve the problem 
(McCarthy, Grabowski, & Koszalka, 1998). PBL 
helps students develop reasoning skill, self-
directed learning strategies, and collaborative 

learning skills (Khair et al. 2011). Most 
constructivist teaching strategies place heavy 
emphasis on collaborative or cooperative learning 
(CL), which demonstrates the notion that a 
solution to a problem is not a function of an 
individual but rather of the distributed intelligence 

of diverse contributors. (Roblyer, Edwards, & 
Havriluk, 1996). Driscoll (2000) points out that 
CL helps students to appreciate varying views 
even those outside of their own.  
 
Teaching UXD is well positioned for the above 
learning models yet there is a gap in the relevant 

scholarship of teaching and learning literature to 
guide IS instructors on the design and 
implementation of UXD into their programs. 
 
Challenges with Implementing Innovative 
UXD Teaching Models  
The early and more recent relevant literature 

point out the dynamic nature of the discipline, 
related tools and technology. These changes 

require continuous effort to use updated 
textbooks, create practical assignments and 
utilize the latest tools (Sousa Santos, 2006; 
Talone, Basavaraj, & Wisniewski, 2017). To 

overcome these challenges, it is recommended 
that the methods, tools, and techniques used in 
class are harmonized with industry demands and 
assignments reflect the current needs and 
expectations of users. Shumba (2006) pointed 
out the challenge with assigning students to 
teams with the right composition of 

complementary skillsets. Students often possess 
similar skills from prior classes and the narrower 
breadth of responses to a problem often lacks 
creativity. Furthermore, collecting requirements 

and communicating with external stakeholders is 
often a challenge for CEL projects (Comeau et al., 
2019; Brubaker et al., 2018). 

 
Our literature review of SoTL in the IS journals 
listed in Witman et al. (2007) resulted in very 
limited results that covered UXD and even HCI 
components of IS programs. Hence our 
motivation to re-design our UXD course and 

report our methodology, pedagogical approach 

and lessons learned. 
 

3. PEDAGOGICAL APPROACH 

 
In response to the gaps in the existing UXD 
education literature and feedback from students, 
we identified opportunities to re-design the UXD 
element of our IS curriculum. The areas covered 
for the re-design are: UXD in IS, UXD in 
Capstone, collaboration in teams, UXD in CEL, 

and learning models. Improvements are 
discussed in the next sub-sections and 
summarized in Table 2. 
 

Competency UXD Cycle 

Phase 

Specific 

Coverage 

Design tools 
and 
techniques 

UCD Cycle 
established 

Four distinct 
phases with 
unique 
techniques 
and tools. 

Stakeholder 
needs 

Requirements 
gathering 
(business and 
user needs) 

Observation, 
interview, 
focus group, 
survey, etc. 
and document 

findings 

Benchmark 
and 
Standards 

Alternative 
design 

ScOUt model, 
Task-
orientation, 
UX 

Honeycomb 

Integrative 
Design 

Prototyping Navigation 
and 
Information 
Architecture 

Application 
Design 

Evaluation Techniques to 
capture 
qualitative 
and 
quantitative 
feedback for 
analysis and 

improvement 

Table 1: ACM Recommended Competencies 
Embedded in the UXD Course 
 

UXD in IS 

First, we followed the ACM recommended 
competencies (Computing Curricula, 2020, pg. 
119) namely, design tools and techniques, 
stakeholder needs, benchmarks and standards, 
integrative design, and application design. Table 
1. summarizes the competencies recommended 
in the ACM Computing Curricula and the areas of 

class covering them.  
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We employed the UXD Cycle, which includes four 

distinct phases, namely: requirement gathering, 
alternative design, prototyping, and evaluation. 
The requirement gathering established the 

problem space where the user needs and 
challenges are identified. The alternative design 
phase helped students to identify the design 
space, the specific area of problem(s) that they 
aim to solve with an enhanced design. In the 
prototyping phase students propose enhanced 
ways for users to accomplish their task. In the 

evaluation phase, users have the opportunity to 
test the redesigned process of accomplishing their 
task and providing feedback. These phases 
corresponded with the competency guidelines 
detailed in the ACM Curricula for UXD in the four 
disciplines (computer engineering, computer 

science, information systems, and software 
engineering). Our review of current course 
description for other schools with UXD course(s) 
found that only a portion followed this 
methodological approach. The techniques and 
phases will be discussed in the Implementation of 
Pedagogy section. 

 
Instructional Model 
We followed Kolb’s (1984) learning style 
quadrants and experimental learning cycle as a 
framework in our pedagogy design. Kolb’s 
learning theory is built on the premise that 
learning new concepts is provided by new 

experiences: “Learning is the process whereby 
knowledge is created through the transformation 

of experience” (Kolb, 1984, pg. 38). Figure 1. 
summarizes the phases in Kolb’s experiential 
learning cycle (ELC). Kolb’s four stages are 
embedded in our UXD  

 
UXD in CEL 
In response to the author’s University’s Strategic 
Imperative of engaging with the community, we 
partnered with local organizations to provide UXD 
related services. Students worked on enhancing 
their users’ experience in the form of re-designing 

their website (UXD course) and building an app to 
support internal operations (IS Capstone course). 
Students appreciated the involvement and the 
impact of their engagement with the community. 

This approach motivated students to feel 
ownership of their deliverable as they presented 
their proposal to the client on-site. 

 

 
Figure 1. Kolb’s (1984) Experiential 
Learning Cycle 

 
In order to prepare students to solve the real-life 
business challenges they face, concepts are 
covered and re-iterated through an individual in-

class mock project. The purpose for the individual 
assignments is to replicate scenarios in which the 
concepts can be used and students are prepared 
to apply their newly gained knowledge in team 
assignments. Therefore, they are presented with 
the opportunity to apply the knowledge twice and 

potentially build a deeper understanding of the 
subject matter. 
 
Collaboration in Teams 
Another aspect of our pedagogical approach is the 
team environment. Students often note in class 

evaluations that some team members do not 

contribute or passive participants in the planning 
sessions wait to be told what to do. We 
considered this feedback and the challenges 
identified in the literature review and 
implemented the following plans to alleviate 
these challenges. First, during team formation, 
we ensured diversity in team composition. 

Students filled out a brief survey in which they 
rated their skills and interest in a variety of soft 
and technical skills. We further considered their 
second degree or minor, gender, and other 
demographic characteristics. We identified that 
self-organizing teams are difficult to implement 

so instructor intervention was necessary. We 
announced that each assignment will be led by a 

rotating team lead who is responsible for setting 
up and leading meetings, submitting the 
deliverable and providing a transparent summary 
of each team members’ contribution on the top of 
the assignment in the form of a contribution log. 

Team leads also had the opportunity to provide 
private input to the instructor of the challenges 
that they were not meant to handle such as non-
contributing or non-responding team member(s). 
Students were asked to decide among themselves 

Concrete 
Experience (having 

the actuial experience)

Reflective 
Observation 

(reflecting on the 
experience)

Abstract 
Conceptualisation 

(learning from the 
experience)

Active 
experimentation 
(trying out what one 

learned)
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who takes on what part of the agreed sub-tasks 

and how it will contribute toward the deliverable. 
Team members filled out self- and peer 
assessments during the midterms and after 

submitting the final deliverable.  
 
Furthermore, we utilized the latest technologies 
common in today’s team environments for 
technology-supported collaborative learning. 
These technologies included Atlassian products of 
Confluence and Jira for work assignment and 

administration while students utilized Slack for 
communication. Instructors had access to 
monitor progress, activities, and student 
contributions in these applications. 
 
UXD in Capstone 

Students in the Capstone course were expected 
to utilize the knowledge they gained in the UXD 
class and the emphasis was on the collaboration 
aspect of the CEL project. Details of the Capstone 
course is outside of the scope of this paper. 
 
Table 2. summarizes the challenges we identified 

in the literature review and the actions we took 
during the UXD class design and development. 
 

4. IMPLEMENTATON OF THE PEDAGOGY 
 
The pedagogical approach was implemented 
across two sequential courses for undergraduate 

IS students. The first course titled “User 
Experience Design” introduced students to UXD 

principles and is a pre-requisite for the second 
class, the “IS Capstone”, in which students are 
required to apply the skills in their final project 
deliverable that draws together all related 

concepts covered in previous major courses of the 
IS curriculum. Students take these two 
subsequent courses during their junior and/or 
senior year.  
 
As previously mentioned, there was no textbook 
available to follow for UXD in IS context so the 

instructor developed and introduced two general 
models with elements that students were already 
familiar with from other IS courses: 

(1) a base model that covers the core 

concepts of UXD, and  
(2) the UXD Cycle as a process model 

 

Area  

(issues prior 
to redesign) 

Gap in 

literature 

Action 

UXD in IS 
 
(not guided 
by 
competenci

es) 

No evidence 
of ACM 
Competencie
s in IS 
programs 

Included the UXD 
Cycle to cover 
the 
recommended 
five 

competencies 

UXD in 
Capstone 
 
(no UXD 
component) 

No evidence 
in the 
literature of 
UXD in IS 
Capstone 

courses 

Students were 
required to apply 
knowledge from 
UXD class to 
enhance CEL 

project 
deliverable. 

Teams 

 
(no 

directions 
from 
instructor) 

Composition, 

contribution  

Diverse teams to 

promote 
creativity, 

contribution log, 
self- and peer 
assessments, 
team lead, self-
organization 

UXD in CEL 

 
(no UXD 
component) 

Only HCI in 

CEL in the 
relevant 
literature 

Students worked 

with local 
organizations to 
provide UXD 
related solutions 

Instructiona
l Models 
(lecture 

heavy, 

limited in-
class 
exercises) 

Limited 
directions in 

literature for 

UXD course 
design 

Kolb’s ELC 
(inquiry- and 

problem-based)  

Table 2: Response to Gaps in UXD in IS 
Program Literature  

 
Combining these two guiding models and 
implementing across two IS courses is an 
innovative pedagogical approach to teach UXD for 
IS students. It allows the instructor to combine 
concepts learned in systems analysis and design 

with a front-end focus rather than system level-
holistic approach. Even though students were 
familiar with the elements of the models the 
particular methodology developed for UXD 

allowed the instructor to highlight the key 
differences between systems design and UXD. 
Students showed more interest in applying 

previously established knowledge as a premise of 
constructivism (Hein, 1991). The instructor 
encouraged students to build personal 
interpretations of the concepts in the UXD 
methodology that enables the active process of 
knowledge construction. The project setting 
further supported the constructivist learning 

model as students linked their knowledge and 
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experiences with fellow students to construct 

their own understanding of the methodology to 
support UXD. 
The next section describes the two models in 

detail and how they enable students’ knowledge 
construction. 
 
Core Concepts 
A model was drawn to familiarize students with 
the core concepts of UXD. We collectively named 
it the ScOUt model as shown in Figure 2.: 

 

 
Figure 2. UXD Core Concepts  
(The ScOUt Model) 
 
This model helps students conceptualize the 
notion that individuals that use some technology 

to accomplish a task need to interact with the 
technology and that experience needs to be 
enhanced. Users have a goal to accomplish a task 
(Ut) and they interact with the system’s core 

functionality (Sc) through an Interface. Users 
must provide some input (I) that is easy to 

understand and leads to some output by the 
system (O) that completes the task based on Dix, 
Finlay, Abowd, & Beale (2004) and rooted in 
human-computer interaction but designed to 
cover IS concepts and examples. Group and 
societal expectations are considered in addition to 
individual needs. This basic model is revisited 

many times to ensure students do not lose sight 
of the process-based approach of UXD. Several 
examples from the industrial design are discussed 
with students, such as garage doors, chairs, and 
even Norman’s Door and linked to software 
application design. For homework, students are 
asked to identify digital interfaces that fail to 

consider the above model, for example, difficulty 
to understand what input is required or possible 
(affordances and signifiers) or output is not 
providing the desired outcome or does not 
complete the task. 
 

Students are then introduced to the UXD Cycle, 
which is a four phased process-based framework 
comprising of (1) requirement gathering or 
discovery; (2) Alternative Design; (3) 

Prototyping; and (4) Evaluation. Students spend 

several weeks on each phase of the UXD Cycle to 
learn specific tools, techniques, and methods for 
each phase and then apply in a mock in-class, 

individual project. A high-level overview of 
concepts and techniques covered for each phase 
in the UXD Cycle: 
1, Requirements gathering: establishing the 
problem space. Students learn how needs are 
identified from both the business and users along 
with tasks that users want to accomplish in 

different scenarios. The appropriate use of 
different requirements gathering techniques are 
discussed (observations, focus groups, 
interviews, surveys). Then students learn to 
compile the information gathered for analysis and 
to present their findings. Students need to be able 

to describe who the users are through user 
characteristic tables, personas, etc. and how the 
users currently accomplish the tasks through 
flowchart, scenarios, essential use case analysis, 
hierarchical task analysis, current UI critique, etc.  
 
The mock in-class project is based on data 

collected from students interviewing each other 
about their perceived college experience followed 
by instructor lead discussion to identify common 
themes across the interviews. Focus on good 
grades in order to get a good job is a theme that 
most students identified in their data and further 
focused brainstorming discussion identified 

potential solutions to help students get good 
grades in the form of an application that helps 

students better prepare for classes and tests by 
pairing them up with study groups. This example 
shows students that they may not know their 
needs until after several rounds of questions and 

answers, often performed by business or system 
analysts. The established goal is to build a “Study 
Buddy” app and further discussion establishes 
tasks students want to accomplish with this app. 
Related tools and techniques are covered that 
students use to present their findings about users 
and tasks that will serve the basis of identifying 

system features that help users accomplish those 
tasks in an efficient and effective manner. In this 
phase, students develop contextual 
understanding of the tasks and identify with 

related opportunities and constraints. 
 
Clients from the community present their 

organization and challenges at this point of the 
course and students are equipped with the skills 
to ask relevant questions that help them identify 
who the users are, what their goals are and what 
tasks users want to accomplish. Again, they 
present their findings but now in teams and 

applying the techniques and tools covered 
through the in-class exercise. 
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2, Designing alternatives – establishing the 

design space: after establishing the 
requirements, students are able to identify the 
area they plan to improve through helping users 

to accomplish their intended task. The goal is to 
improve the way users currently achieve that task 
guided by sound requirements identified in the 
prior UXD cycle element. This is the step where 
improved user experience is established. 
Brainstorming and other relevant techniques and 
tools are used to capture ideas in a team setting 

after the basics are covered in-class. 
 
3, Prototyping: In this phase students model 
various system features that meet core aspects 
of the tasks users want to accomplish. We 
differentiate low and high fidelity and horizontal 

and vertical prototypes. Low fidelity techniques 
include sketching, wireframing, storyboards, and 
card-based activities. Students enjoy this step as 
they can quickly pivot to different ideas without 
investing much effort or being bound to an idea. 
Hand-drawing is encouraged yet several 
applications are available that help to create low 

fidelity prototypes. The high-fidelity prototypes 
include close-to-final layout with interaction 
modeled. Users can “touch and feel” this 
prototype and provide more useful feedback. 
 
4, Evaluation: We discuss formative and 
summative evaluation and assess learnability and 

memorability as quantitative measures while 
assessing cognitive and emotional measures as 

qualitative measures.  
 
Students apply the skills in the real-life project 
and reach out to the client for early feedback to 

ensure they understand the needs as they 
progress in the design cycle. The iterative nature 
of the UXD cycle is emphasized in class as 
students often receive feedback that requires 
further improvement. This is an important lesson 
in the class that we have been emphasizing from 
the beginning as the first prototype will likely not 

be perfect. 
 
Table 3. Summarizes the techniques used and 
artifacts create din class across the four phases 

of User Experience Design Cycle: (1) 
Requirements gathering; (2) Designing 
alternatives, (3) Prototyping; (4) Evaluation.   

 
Assessments 
Individual assignments include the steps to 
develop the “Study Buddy” app. The team 
assignments similarly include deliverables for 
each UXD Cycle phase with write up on methods, 

tools, techniques and concepts used, lessons 
learned, and improvements made. Furthermore, 

the quizzes tested students’ understanding of the 

concepts and essay questions provided the 
opportunity for students to elaborate on scenario-
based questions.  

 

UXD 
Phase 

Techniques Artifact 

1. Naturalistic 

Observation 
Survey 
Focus Group 
Interview 

Empathy and 

Affinity Map, 
User characteristic 
tables, Persona, 
Flowchart, 
Scenarios, 
Essential use case 
analysis, 

Hierarchical task 
analysis, Current 

UI critique 

2. Brainstorming, 
Mind mapping, 
SWOT, 

SCAMPER 

Categorize, 
Reduce, Analyze: 
Choose Design 

Space,  
Functional and 
Non-functional 
requirements 

3. Low fidelity: 

sketching, 
storyboard, 
card-based, 
wireframe mid- 
and high-
fidelity: 

software based, 

horizontal / 
vertical 
prototypes 

Navigation design, 

information 
architecture, 
interaction design, 
conceptual model, 
wireframes, 
interface design 

 

4. Formative and 
Summative 

evaluation, 
questionnaires, 
log data 
analysis, 
interview 

Analysis results on 
learnability, 

memorability, 
cognitive and 
emotional 
measures 

Table 3: Techniques Learned and Artifacts 

Created in the UXD Class 
 
The class included several related videos in which 
SDO executives explained the importance of UXD 

and videos in which frustrated users pointed out 
the poor UXD on everyday things. We also had 
two expert guest-speakers one from the industrial 

design field while the other is from a SDO. 
 

5. ANALYSIS 
 
At the end of the UXD and IS Capstone courses, 
students completed an attitudinal survey. Data 

from these surveys were used to compare 



Information Systems Education Journal (ISEDJ)  21 (1) 
ISSN: 1545-679X  March 2023 

 

©2023 ISCAP (Information Systems and Computing Academic Professionals)                                            Page 19 

https://isedj.org/; https://iscap.info  

students’ perceived knowledge of a variety of IS 

elements in UXD context prior and after the class 
re-design. The redesigned Capstone course had 
an enrollment of 40 student while 64 students 

took the redesigned UXD course across two 
sections.  
 
We present the findings from the UXD class as the 
redesign had a greater impact on this class. 
Following Baham (2019) we invited all students 
to complete an anonymous survey that measured 

their perceived UXD skills prior the class, current 
knowledge (after the class) of specific areas of the 
UXD cycle, and their comfort level with UXD 
moving forward. The measures were answered 
using a 5-point Likert scale ranging from 1-
Strongly Disagree to 5-Strongly Agree and 3-

Neutral. A total of 32 out of 35 students 
completed the survey prior to re-design while 55 
out of 64 students in the re-designed course 
completed it. Data was collected at the end of the 
semester upon completion of the project. The full 
questions are in Appendix C. The results are 
summarized in Appendix C and t-scores for two 

independent samples are included in Appendix D.  
 
We measured students’ perceived current 
knowledge of core concepts and methods of UXD 
taught in the class both with regards to 
themselves as individuals and to their teams. 
More significant increase is noticeable in the 

alternative design and evaluation phases of the 
UXD cycle. These pre-treatment scores prompted 

the instructor to re-visit those phases in the 
course design to enhance student learning. Also, 
evaluation was difficult without proper feedback 
from clients in the pre-treatment class.  

 
Implementing the discussed active learning 
models with the related pedagogical approach 
showed significant improvement in students’ 
perception of the extent to which the class 
structure, exercises, assessments, and projects 
meet their learning style. This emphasizes the 

demand for experiential learning and involving 
projects from the community.  
 

6. LESSONS LEARNED 

 
The class is subject to future enhancements but 
the instructor compiled a list of lessons learned 

from the re-designed class: 
 

• Do not lose sight of industry demand and 
current practices. UXD is a dynamic area 
especially in the IS field and new 
techniques and tools emerge quickly. 

 

• The project-based learning is a must in 

this class and makes a huge difference. 
Students were engaged and excited using 
a tool that helped them envision the 

enhanced design. Even a mock project 
makes a difference but having them see 
the impact their work made in their 
community is something they are proud 
of and motivated to do their best at. 

 
• Provide enough time to do in-class work 

so students can ask questions or get help 
if they feel stuck. They provide higher 
quality work even if they have to finish 
later. 

 
• The interviews and final presentations are 

essential in improving students’ 
communication skills and confidence. The 
same goes with teamwork skills, which 
are mandatory in the current business 
climate. 

 
• Seek end user input, even if not all 

stakeholders can provide feedback. 
Students seem to lose motivation without 
it. 

 
• Do not let students assume they know 

what the users want. Even asking fellow 
students provides rich information from a 

different perspective. 
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APPENDIX A 
UXD in IS Curriculums 

 
We randomly selected 40 universities among each of the following three size universities: large, medium, small universities with IS courses. 

We defined large universities as those with enrollments of 30,000 or more, medium universities as those with enrollments between 10,000 
and 30,000, while small universities as those with enrollments less than 10,000. We focused on only those with IS curriculums and reviewed 
their curriculum to check for UXD path or course. If a UXD course existed, we reviewed the course description and syllabus if it was available. 
We used this information to identify the current penetration of UXD in IS curriculum and the methodology used to deliver this discipline. 

 
UXD in 

Curriculum University Size Name of Program 

Name of Course or 

Major/Concentration 

No Texas A&M University Large Management and Information Systems - 

No 
California State University, 
Fullerton Large 

Business Administration, Information 
Systems Concentration, B.A. - 

No Ohio State University Large Fisher School of Business  - 

No Rutgers Large Management Information Systems Major - 

Yes Rutgers* Large M.S. Digital Marketing 

Special Topic: UX & UI in Digital 

Marketing 

No 

Indiana University 

Bloomington Large Information Systems BSB - 

Yes Temple Large Management Information Systems Major User Experience Design 

No Florida State University Large 
B.S. DEGREE IN MANAGEMENT 
INFORMATION SYSTEMS - 

Yes University of Georgia Large Management of Information System User Experience Strategy 

No 

Georgia Institute of 

Technology Large 

Information Technology Management 

Concentration - 

No New York University Large 
BS in Business, Technology and 
Entrepreneurship - 

Yes Columbia University* Large MBA – Marketing Division Intro to User Experience 
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No University of California Large Berkeley – Business Administration - 

Yes 
University of Southern 
California Large 

Arts, Technology and the Business of 
Innovation (BS) – Designing for Digital 
Experiences Minor Designing Digital Experiences 

Yes University of Michigan Large BACHELOR OF SCIENCE IN INFORMATION  User Experience Design (UX) path 

No University of Florida Large 

BACHELOR OF SCIENCE IN BUSINESS 
ADMINISTRATION INFORMATION 
SYSTEMS - 

Yes Boston University* Large 
INFORMATION SYSTEMS GRADUATE 
LEVEL Human Centered Design 

Yes University of Wisconsin* Large MAD UX Certificate Program  

Yes University of Wisconsin* Large Information MS User Experience Design 

No University of Illinois Large Bachelor’s in Information Systems - 

No Pennsylvania State University Large B.S. Management Information Systems - 

No Purdue University Large 
Business Analytics & Information 
Management, BS - 

No University of Washington Large IS Major - 

No University of Connecticut Large Management Information Systems Major - 

No University of Maryland Large Information Systems - 

No University of Massachusetts Large Isenberg School of Management - 

No University of Minnesota Large Management Information Systems B.S.B. - 

No Virginia Tech Large Business Information Tech - 

Yes Brigham Young University Large Experience Design and Management Experience Design 

No University at Buffalo Large 
Bachelor of Science in Information 
Technology and Management - 

No Michigan State University Large Information Tech Minor - 

Yes 
North Carolina State 
University Large Information Technology Concentration Utilize User Interface (UI) design 

No Auburn University Large Information Systems Management  - 

No University of Colorado Boulder Large Business School - 
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No University of South Carolina Large Business School - 

No University of South Florida Large 
Business Analytics and Information 
Systems B.S. - 

No University of Utah Large Information Systems - 

No Arizona State University Large Business Technology Major - 

Yes University of Arizona Large Information Science & Arts 
ISTA 416 / INFO 516: Introduction to 
Human Computer Interaction 

Yes University of Houston Large Management Information Systems 
DIGM 1376 – User Experience (UX) 
Principles 

Yes 
Texas Austin / School of 
Information Large Bachelor’s Degree in Informatics  User Experience (UX) Design 

Yes American University Medium Information Systems and Technology 
CSC-535 User Interface Analysis and 
Design (3) 

No Appalachian State University Medium 
Business, Finance and Information 
Technology Education - 

No Baylor University Medium Information Systems and Analytics - 

No Boston College Medium Information Systems Concentration  - 

Yes Carnegie Mellon University Medium IS Bs 
User Experience (UX) Design 
Concentration 

No Central Michigan University Medium 
Information Technology 
Information System - 

Yes Cornell Medium Information Science UX (USER EXPERIENCE) DESIGN 

No DePaul University Medium Management Information Systems B.S.B. - 

No Drexel Medium Drexel’s LeBow College of Business  - 

No East Carolina University  Medium Management Information Systems - 

Yes Emory University Medium 

INFORMATION SYSTEMS & OPERATIONS 

MANAGEMENT (ISOM)  ISOM 458 ‐ User Experience Design (UXD) 

No Fordham University Medium Information Systems Program - 

No Georgetown University Medium 

OPERATIONS & INFORMATION 

MANAGEMENT - 

Yes Harvard University Medium Computer Science User Experience Engineering 

No James Madison University  Medium Computer Information System - 
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No 
Massachusetts Institute of 
Technology Medium Business Analytics  - 

No 
Metropolitan Community 
College  Medium Information Technology - 

No Mississippi State University Medium Management & Information Systems - 

Yes 
New Jersey Institute of 
Technology Medium B.A. in Information Systems User Experience Design 

No Northeastern University Medium Management Information Systems - 

No Northern Arizona University Medium Information Systems - 

No Oakland University Medium 
MANAGEMENT OF INFORMATION 
SYSTEMS - 

No Ohio University Medium Business Management Technology Major  - 

No Old Dominion University  Medium 
E-Business & E-Commerce (Information 
Systems & Technology, B.S.B.A.) - 

No 
Rochester Institute of 
Technology Medium Management Information Systems - 

Yes University of Kansas Medium Information Systems 
Advanced Design Studies – Foundations in 
UI/UX Design 

Yes University of Miami Medium Business Technology Major - 

No University of New Hampshire Medium 

BUSINESS ADMINISTRATION MAJOR: 
INFORMATION SYSTEMS AND BUSINESS 

ANALYTICS OPTION (B.S.) - 

No University of Notre Dame Medium Business Technology Minor - 

No University of Oregon Medium Lundquist College of Business  - 

No University of Pennsylvania Medium 
Management – Business Analytics 
Concentration - 

 No University of Pittsburgh Medium Business Information System - 

No University of Rochester Medium 
Bachelor of Science in Business 
Information Systems Track - 

No University of Rhode Island Medium BAI, Business Analytics and Intelligence - 

No University of Tennessee Medium Accounting & Info Management - 

Yes University of Texas–Dallas Medium 
Bachelor of Science in Information 
Technology and Systems CS4352 – Human-Computer Interaction I 

No University of Vermont Medium The Grossman School of Business   

Yes Utah State University Medium Information Systems Major Web Development 

No Villanova University Medium 
MANAGEMENT INFORMATION SYSTEMS – 
MAJOR AND MINOR - 

https://business.uoregon.edu/
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No 
Washington University in St. 
Louis Medium - - 

No Capitol Technology University Small 
Bachelor of Science (BS) in Management 
of Cyber and Information Technology - 

No Bellevue University Small 
BACHELOR OF SCIENCE Information 
Technology Degree - 

No Brandeis University Small - - 

No Bryant University  Small 
INFORMATION SYSTEMS AND ANALYTICS 
DEPARTMENT - 

No Butler University Small MANAGEMENT INFORMATION SYSTEMS - 

No 
California Institute of 
Technology Small 

Information and Data Sciences 
Information Science and Technology - 

No Chapman University Small -  
No Clark University Small - - 

No Clarkson University Small Information Systems - 

No Colorado School of Mines Small 
BUSINESS ENGINEERING AND 
MANAGEMENT SCIENCE - 

No Creighton University Small Information Technology  - 

No Drake University Small Information Systems - 

No Gonzaga University Small Management Information Systems - 
No Hamilton  College Small     

No Illinois Institute of Technology Small 

 
Business Administration 
(B.S.)/Information Technology and 
Management (B.A.C.)  

No Lehigh University Small Business Information Systems Major - 

No Loyola Marymount University Small 

Information Systems and Business 

Analytics (ISBA) - 

Yes Marquette University Small Information Systems Business Applications Development 

Yes 
Michigan Technological 
University Small Management Information Systems MIS 3500 – User-Centered Design 

No Misericordia University Small Information Technology - 

Yes 

Missouri University of Science 

and Technology Small BUSINESS AND MANAGEMENT SYSTEMS 

IS&T 1551 Implementing Information 

Systems: User Perspective 
No Pepperdine University Small - - 
No Princeton University Small   

No 
Rensselaer Polytechnic 
Institute Small 

The management information systems 
concentration - 

No Rice University Small - - 
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No Samford University Small - - 

No Santa Clara University Small 

Information Systems and Analytics 
Department: Management Information 

Systems (MIS) - 
No Seattle University Small - - 

No Simmons University Small Information Technology  - 

No 

State University of New York 

College of Environmental 
Science and Forestry Small     

No 
Stevens Institute of 
Technology Small Information Systems - 

No Texas Christian University Small Business Information Systems - 

Yes Tuskegee University Small Information Technology (IT) HUMAN-COMPUTER INTERACTION. 

Yes University of Dayton Small Management Information Systems 
Introduction to Business Applications: 
Problem Solving with Visual Tools 

No University of La Verne Small Information Technology - 

No University of Saint Joseph Small Business Intelligence & Analytics Major - 
No University of San Diego Small Information Technology Management - 

No University of Tulsa Small Computer Information Systems - 
No Wake Forest University Small - - 

Yes 

Worcester Polytechnic 

Institute Small 

Innovation with User Experience 

Certificate Program UX Design 
 

Some schools did not have IS curriculum but some related coursework. 

*Graduate program 
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APPENDIX B  

Student Feedback Survey Questions 
 

Instructions: Please think through your learning journey in the class regarding user experience 

design. Please rate each question. Your answers are anonymous, they cannot be linked to you and the 
results will be reported in an aggregate level. 
 

Question 1: Prior to this course, I was __________ of UXD principles and practices. 

A B C D E 

Not knowledgeable 
at all 

Not very knowledgeable Neutral 
Somewhat 

knowledgeable 
Very 

knowledgeable 
     

Questions 2-7: Currently I have an adequate knowledge of ________. 

2. Goal of user experience design (UXD).    
A B C D E 

Strongly disagree Somewhat disagree Neutral 
Somewhat 

agree 
Strongly agree 

     
3. Requirements gathering for UXD.    

A B C D E 

Strongly disagree Somewhat disagree Neutral 
Somewhat 

agree 
Strongly agree 

     
4. Presenting findings from requirements gathering.   

A B C D E 

Strongly disagree Somewhat disagree Neutral 
Somewhat 

agree 
Strongly agree 

     
5. Alternative designs    

A B C D E 

Strongly disagree Somewhat disagree Neutral 
Somewhat 

agree 
Strongly agree 

     

6. Prototyping     
A B C D E 

Strongly disagree Somewhat disagree Neutral 
Somewhat 

agree 
Strongly agree 

     
7. Evaluation     

A B C D E 

Strongly disagree Somewhat disagree Neutral 
Somewhat 

agree 
Strongly agree 

     
Questions 8-13: My team has an adequate knowledge of ________. 

8. Goal of user experience design.    
A B C D E 

Strongly disagree Somewhat disagree Neutral 
Somewhat 

agree 
Strongly agree 

     
9. Requirements gathering for UXD.    

A B C D E 

Strongly disagree Somewhat disagree Neutral 
Somewhat 

agree 
Strongly agree 

     
10. Presenting findings from requirements gathering.   

A B C D E 

Strongly disagree Somewhat disagree Neutral 
Somewhat 

agree 
Strongly agree 

     
11. Alternative designs    

A B C D E 
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Strongly disagree Somewhat disagree Neutral 
Somewhat 

agree 
Strongly agree 

     

12. Prototyping     
A B C D E 

Strongly disagree Somewhat disagree Neutral 
Somewhat 

agree 
Strongly agree 

     
13. Evaluation     

A B C D E 

Strongly disagree Somewhat disagree Neutral 
Somewhat 

agree 
Strongly agree 

     
14. Overall, I am (now) knowledgeable of UXD principles and practices  

A B C D E 

Strongly disagree Somewhat disagree Neutral 
Somewhat 

agree 
Strongly agree 

     
Questions 15-18: The ________ fit my learning style. 

15. course structure     
A B C D E 

Strongly disagree Somewhat disagree Neutral 
Somewhat 

agree 
Strongly agree 

     
16. assignments     

A B C D E 

Strongly disagree Somewhat disagree Neutral 
Somewhat 

agree 
Strongly agree 

     
17. teamwork     

A B C D E 

Strongly disagree Somewhat disagree Neutral 
Somewhat 

agree 
Strongly agree 

     
18. project     

A B C D E 

Strongly disagree Somewhat disagree Neutral 
Somewhat 

agree 
Strongly agree 

     
19. I feel that the exercises and project enhanced my knowledge of UXD principles. 

A B C D E 

Strongly disagree Somewhat disagree Neutral 
Somewhat 

agree 
Strongly agree 

     

20. I feel comfortable doing UXD related tasks at a future job.   
A B C D E 

Strongly disagree Somewhat disagree Neutral 
Somewhat 

agree 
Strongly agree 
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APPENDIX C 

Summary of Student Survey Results  
 

Both prior and after the re-design values are included for the mean values by measurement items. 

The standard deviations are in parentheses. *P>0.05 

 

Measures Prior 
Mean  
(St. dev) 

After 
Mean  
(St. dev) 

Prior UXD knowledge 
Q1* 

 
1.82 (0.62) 

 
1.97 (0.71) 

Current UXD knowledge 
Q2* Goal of UXD 

 
4.52 
(1.08) 

 
4.71 
(1.13) 

Q3* Requirements gathering 4.44 
(1.01) 

4.68 
(0.95) 

Q4 Presenting findings 4.11 
(0.84) 

4.69 
(0.94) 

Q5 Alternative designs 3.91 
(1.21) 

4.41 
(1.08) 

Q6 Prototyping 4.09 (0.89) 4.52 (0.93) 

Q7 Evaluation 3.88 (1.34) 4.49 (1.21) 

Perceived team UXD knowledge 
Q8* Goal of UXD 

 
4.55 
(0.79) 

 
4.78 
(0.94) 

Q9* Req. gathering 4.38 (1.12) 4.70 (1.03) 

Q10* Pres. Findings 4.23 (1.10) 4.58 (1.03) 

Q11 Alt. designs 3.81 (1.44) 4.52 (1.38) 

Q12 Prototyping 4.21 (1.03) 4.89 (0.98) 

Q13 Evaluation 3.79 (1.42) 4.54 (1.12) 

Q14 Overall knowledge 4.11 (1.12) 4.68 (0.87) 

Learning Style Fit 
Q15* course structure 

4.02 (1.48) 4.38 (1.21) 

Q16 assignments 3.73 (1.89) 4.31 (1.13) 

Q17* teamwork 3.14 (1.72) 4.12 (1.18) 

Q18 project 3.34 (1.62) 4.48 (1.41) 

Future outlook – I feel____ 
Q19 … that the exercises and project 
enhanced my knowledge of UXD 
principles. 

 
 
 
 
 
4.12 (1.12) 

 
 
 
 
 
4.73 (0.88) 

Q20* … comfortable doing UXD related 
tasks at a future job. 

 
3.12 (1.92) 

 
3.82 (1.68) 

N 32 55 

Average grade-class 3.45  (0.52) 3.62 (0.48) 
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APPENDIX D  
t-scores for two independent samples 

 
The standard deviations are roughly equal, mean scores of answers to questions 1, 2, 3, 8, 9, 10, 15, 16, and 20 did not show statistically 

significant differences between prior and after redesign scores on the p<0.05 significance level. These questions were related to concept that 
students seemed to be the most comfortable with from other classes, for example, questions related to teamwork and requirements 
gathering. It suggests that new concepts specific to UXD benefited the most from the class redesign following the ACM recommended 
competencies embedded in the UXD course coupled with constructivist pedagogical model.  

prior redesign after redesign 
             

Q# mean sd n mean sd n sp
2 SE 

(x1-
x2) 

t 
statistic 

DoF > 
0.2 

0.2 0.1 0.05 0.02 0.01 0.005 0.002 0.001 

Q1 1.82 0.62 32 1.97 0.71 55 0.46 0.15 0.99 85 x 1.29 1.66 1.99 2.37 2.64 2.89 3.20 3.42 

Q2 4.52 1.08 32 4.71 1.13 55 1.24 0.25 0.77 85 x 1.29 1.66 1.99 2.37 2.64 2.89 3.20 3.42 

Q3 4.44 1.01 32 4.68 0.95 55 0.95 0.22 1.11 85 x 1.29 1.66 1.99 2.37 2.64 2.89 3.20 3.42 

Q4 4.11 0.84 32 4.69 0.94 55 0.82 0.20 2.88 85 
 

1.29 1.66 1.99 2.37 2.64 2.89 3.20 3.42 

Q5 3.91 1.21 32 4.41 1.08 55 1.27 0.25 1.99 85 
 

1.29 1.66 1.99 2.37 2.64 2.89 3.20 3.42 

Q6 4.09 0.89 32 4.52 0.93 55 0.84 0.20 2.11 85 
 

1.29 1.66 1.99 2.37 2.64 2.89 3.20 3.42 

Q7 3.88 1.34 32 4.49 1.21 55 1.59 0.28 2.18 85 
 

1.29 1.66 1.99 2.37 2.64 2.89 3.20 3.42 

Q8 4.55 0.79 32 4.78 0.94 55 0.79 0.20 1.16 85 x 1.29 1.66 1.99 2.37 2.64 2.89 3.20 3.42 

Q9 4.38 1.12 32 4.7 1.03 55 1.13 0.24 1.35 85 
 

1.29 1.66 1.99 2.37 2.64 2.89 3.20 3.42 

Q10 4.23 1.1 32 4.58 1.03 55 1.12 0.23 1.49 85 
 

1.29 1.66 1.99 2.37 2.64 2.89 3.20 3.42 

Q11 3.81 1.44 32 4.52 1.38 55 1.97 0.31 2.28 85 
 

1.29 1.66 1.99 2.37 2.64 2.89 3.20 3.42 

Q12 4.21 1.03 32 4.89 0.98 55 1.00 0.22 3.06 85 
 

1.29 1.66 1.99 2.37 2.64 2.89 3.20 3.42 

Q13 3.79 1.42 32 4.54 1.12 55 1.53 0.28 2.73 85 
 

1.29 1.66 1.99 2.37 2.64 2.89 3.20 3.42 

Q14 4.11 1.12 32 4.68 0.87 55 0.94 0.22 2.65 85 
 

1.29 1.66 1.99 2.37 2.64 2.89 3.20 3.42 

Q15 4.02 1.48 32 4.38 1.21 55 1.73 0.29 1.23 85 x 1.29 1.66 1.99 2.37 2.64 2.89 3.20 3.42 

Q16 3.73 1.89 32 4.31 1.13 55 2.11 0.32 1.79 85 
 

1.29 1.66 1.99 2.37 2.64 2.89 3.20 3.42 

Q17 3.14 1.72 32 4.12 1.18 55 1.96 0.31 3.15 85 
 

1.29 1.66 1.99 2.37 2.64 2.89 3.20 3.42 

Q18 3.34 1.62 32 4.48 1.41 55 2.22 0.33 3.44 85 
 

1.29 1.66 1.99 2.37 2.64 2.89 3.20 3.42 

Q19 4.12 1.12 32 4.73 0.88 55 0.95 0.22 2.82 85 
 

1.29 1.66 1.99 2.37 2.64 2.89 3.20 3.42 

Q20 3.12 1.92 32 3.82 1.68 55 3.14 0.39 1.78 85 
 

1.29 1.66 1.99 2.37 2.64 2.89 3.20 3.42 

The distribution table followed DF=80 from https://www.medcalc.org/manual/t-distribution-table.php  
The above analysis was provided by an anonymous reviewer. 

https://www.medcalc.org/manual/t-distribution-table.php
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Abstract  

 

The Autonomous Vehicles (AV) are a self-driving vehicle capable of sensing its environment and 
operating with minimal or no human intervention converting into a fully or partially automated vehicle. 
These automated vehicles have great potential to revolutionize the automotive industry and our daily 
lives. Thus, they are receiving a lot of attention from automotive industries, governments, suppliers, 
educational sectors, researchers, and many other stakeholders. According to global financial service 
firm UBS, the AV market could reach more than $2 trillion by 2030. These projections will become reality 
if enough skilled workforces are produced with a high level of broad technical competencies specifically 

for the automotive environment. This will also require consumer education on AVs that could bring all 
the comfort and excitement across all segments of the population. This brings a substantial opportunity 
for the educational sectors in generating the workforce required in AV sectors by enhancing the existing 
curricula in the areas related to AVs or developing a cross-disciplinary course or capstone project that 
could expose students with a technical background in computer science, computer engineering, electrical 
engineering, and mechatronics. Since AV has many technologies involved, it is challenging to design an 
appropriate curriculum and provide hands-on activities. Small-scale learning kits may be an affordable 

and effective solution for introductory courses on AVs or for beginners. This paper will discuss the use 
of those widely available small-scale learning kits, their benefits, and their challenges. 
 
Keywords: Autonomous Vehicles, AV, Autonomous Systems, Artificial Intelligence, AI, Learning Kits, 
AV Education, IoT Application, IoT Development Kit, IoT Starter Kit. 
 

 
1. INTRODUCTION 

 

Automation and robotics technologies have 
traditionally been used by the manufacturing 
industries. Recent advancement of these 
technologies is spurting into an autonomous 

system that can respond to real-world conditions 
with minimal or no human intervention. In such 
an autonomous system, one can achieve a given 
set of goals in a changing environment—
gathering information about the environment and 
working for an extended period without human 

control or intervention (Ultimate Guides, n.d.). 
These autonomous systems (AS) need the ability 

to acquire data about its environments and adapt 
or refine its behavior in real-time (MIT AeroAstro, 
2021). AS is bringing enormous efficiencies in 
productivity, unmanned surveillance, unmanned 

navigation, and handling of harmful 
environments. It focuses on developing embodied 
intelligent systems, for example, intelligent 
navigation, remote monitoring, autonomous 
warehouse, autonomous drones, autonomous 
vehicles, etc. With so many potential application 
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areas, it can have a strong economic contribution 

as an industrial and commercial activity and 
disruptive socio-economic impact across diverse 
market sectors worldwide (Robotics and 

Autonomous Systems, n.d.).   
 
According to CIO analysts Kevin Dennean, Rolf 
Ganter, and Hartmut Issel,the AV industry could 
reach more than $2 trillion by 2030 (UBS, 2021). 
It will create more than 100,000 jobs in the AV 
industry and 30,000 jobs for engineers with 

computer science degrees that the US can’t fill 
(Rayome, A. D. N., Staff, T. R., Fernandez, R., 
Okeke, F., Miles, B., Bohon, C., & Librescu, M., 
2019). For this huge growth potential of AV 
sectors and workforce gap, it is required to 
generate a well-trained workforce equipped with 

the necessary skills that are required for 
conducting research and development projects in 
AV industries. This creates the opportunity for 
educators to effectively design and deliver related 
course content.    
 

2. AV IN EDUCATION SYSTEMS 

 
With the immense growth potential of AV sectors, 
many sectors including governments, 
transportation sectors, suppliers, traditional auto 
manufacturers, etc. are attracted to AV. 
Educational sectors and educators have an 
excellent opportunity to update their curricula to 

incorporate AVs in their educational activities. 
Since AV is a complex cross-disciplinary subject 

that has many technologies involved, it is 
challenging to design an appropriate education 
and training program. Rather, most of the 
existing courses focus on one or two technologies 

(Liu, S., Gaudiot, J.-L., & Kasahara, H., 2021). 
The major issue is what should be emphasized: 
hardware, software, programming languages, 
artificial intelligence, car platforms, tools, 
software development frameworks, computing 
platforms, architectures, or other topics 
(Bastiaan, J., Peters, D., Pimentel, J., & Zadeh, 

M., 2019). The most important change in 
education will be emphasizing the 
electrical/electronic systems and computer 
diagnostics components (Hadfield, C., 2020).  

 
There are three major categories of AV in 
education activities: 

a) Integrating AV topics on the Existing 
Curriculum for example Control Systems, 
Computer Vision, AI, Automation, Image 
Recognition, smart cities, Intelligent 
Transportation Systems, Machine Learning, 
etc. 

b) Incorporating AV courses in the New 
Curriculum for example: Control of 

Autonomous Vehicles, Vehicle Dynamics, 

Vehicular Communication, Ethics and Legal 
Issues 

c) Offering Project Based Course related to 

Autonomous Vehicles topics 
 

3. AV LEARNING KITS/TOOLS 
 

AV learning kits or tools consist of a set of 
relatively inexpensive and flexible components, 
including breadboards, jumper wires, 

development controller boards, sensors, motors, 
driving mats, and electric components like 
resistors, capacitors, and inductors. Commonly 
used development boards are Arduino-UNO, 
Raspberry Pi, Intel Galileo boards, beagle bone, 
Jetson Nano, etc. These kinds of kits are called 

do-it-yourself kits (DIY Kits) or ready-to-run 
(R2R) kits.  
  
These kinds of DIY learning kits come as all-in-
one packet kits along with all the required 
components and step-by-step instructions (Level 
5 Supplies n.d.). Some kits may require additional 

components or a robot car which will be included 
in the DIY instruction sets. Most of these kits 
come with a smartphone app or computer 
software that allows easy connection with 
preloaded projects. Some kits are especially 
designed for STEM high school students 
(Dextered, n.d., James, 2022, Home, n.d.).  

Example of such DIY kits are:  
a) DIY Robocars  

b) Duckietown   
c) Formula Pi 
d) Udacity Self Driving Car 
e) Elcano Project   

f) JetBot AI Kit 
g) Robolink Zumi AI Self-Driving Car Kit 
h) Picar-X 

 

 
Figure 1: DIY 4WD Robotic Car: 

Robotics Learning Kit  

(Robot Pi Shop, n.d.) 
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AV KITS PLATFORMS 

AV kits consist of hardware, software, cloud, and 
communication platforms. The accessories like 
chassis, wheels, battery holders, jumper wires, 

etc., are used to assemble the kit. Hardware 
platforms use the programmable circuit board 
also known as a microcontroller board. These 
boards receive the programs from the computer 
through an integrated development environment 
(IDE). IDE is the graphical user interface used to 
write a program and upload it to the board. These 

controller boards can be expanded using the 
expansion boards or breakout boards for 
additional features and functionalities or for 
easier connection and assembly of the kit. For 
example, if the hardware platform is Arduino 
Microcontroller, then expansion boards are called 

shields. These shields can be a motor shield, relay 
shield, LCD shield, ethernet shield, proto shield, 
CAN-BUS shield, smoke detector shield, 
GSM/GPRS shield, camera shield, etc.  These 
shields add additional features to the board like 
ethernet, Bluetooth, camera, smoke detector, 
etc. The addition of several features and functions 

can demand higher processing power on the 
controller board. To support higher processing 
power on board, an edge control board can be 
used. Edge control boards support the 
deployment of artificial intelligence (AI) and 
machine learning on the board (edge) called AI 
edge processing. However, these kits can be 

limited by the budget constraints on the 

education kits.  
 
The software platform is used to write customized 
code that can be uploaded to the controller board. 
These codes can be written in Java, Python, C, 
etc. Some vendors also provide prewritten code 

and tutorials. To control the board remotely, or to 
transfer and store the data, a cloud platform is 
used. Cloud or remote connection platforms use 
computer protocols like MQTT, CoAPP, http, etc. 
Communicating with the remote system requires 
network connectivity. This connectivity is 
provided by the network platform like Wi-Fi, 

Bluetooth, Zigbee, Z-wave, etc. These platforms 
are summarized in the Table 1. 
 

AV KITS FUNCTIONS, FEATURES, AND USES 
These DIY kits can support several functions, 
including object detection and recognition, cliff 
detection, lane following, path planning, etc. 

These functions generally divided into five 
categories: computer vision, sensor fusion, 
localization, planning, and control. To support 
these functions, it uses sensors. Sensors are 
made into ready-to-mount components called 
modules. The modules are available for all 

varieties of sensors. Among them, the camera 

module, ultrasonic sensor, and line tracking 
sensor are used to detect the color, obstacles, 
road signs, etc. The detection module are used to 

follow the track and react to the obstacles and the 
road signs. It can be used to detect the cliff so 
that it won’t fall from the slopes. GPS module and 
compass module can be used to get the best 
position estimate of the robot kit.  
 
These development kits are suitable for entry-

level learners of AV or enthusiasts.  These 
learners’ groups can be STEM students, 
undergraduate students, or graduate students 
including research students. These kits can be 
further expanded by adding customized 
components. The platform, Duckietown, expands 

the kit with a customized list of components and 
parts to provide a most in-depth real-world 
experience of AVs.  This platform is designed to 
support a wide range of functions at a low cost. 
Those functions are following lanes while avoiding 
obstacles, pedestrians (duckies), and other 
Duckiebots, localizing within a global map, 

navigating a city, and coordinating with other 
Duckiebots to avoid collisions (Paull, et. al., 
2017).   
 
These kits with expanded functions and features 
at the software or hardware levels, can be 
implemented or converted into real/practical 

world scenarios for example in detecting land 
mines, explosives etc.  

 

 
Figure 2: Coimbra’s Mine Detection Robot 

(Hennessey, M., 2015) 
 

Some of the kits are designed for academic 
research for example Quanser’s self-driving car 
research studio for the QCar. QCar is an open-
architecture scaled model vehicle, powered with 

NVDIA® ® Jetson™ TX2 supercomputer, and 
equipped with a wide range of sensors, cameras, 
encoders, and user-expandable (Quanser, 2022). 
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Figure 3: The Self-Driving Car Research 

Studio and QCar (TecSolutions, Inc., n.d.) 
 

The enhanced feature of the kits like QCar have 

on-board computing (OBC) chip. These on-board 
computing chip also known as Artificial 
Intelligence (AI) Edge Chip or Edge Control 

boards. These chips/boards deployment of 
artificial intelligence (AI) and machine learning on 
the board (edge) called AI edge processing. 
  
These learning kits enables learning for various 
levels of learners.  These learning process can be 
reinforced by participating in different kinds of AV 
or AI enhanced self-driving car leagues and 
competitions. Some of the leagues are listed in 
the Table 2. 

 

Leagues Descriptions 

AI Driving 
Olympics 

Held annually at the NeurIPS 
conference 

Amazon 
DeepRacer 

League 

Train and race low-cost ($300) 
Amazon 1/18th scale cars using 

AWS reinforcement learning 

 
Self Racing 
Cars 

San Francisco Area full-size 
cars and DIY Robocars events 

Self Driving 
Track Days 

Europe: test track and one-day 
training courses 

F1/10 
Racing 

higher-end 1/10th scale cars 
with Lidar and Nvidia 
computer, started by U Penn. 

Starting cost around $3,000 

Table 2: Self Driving Car Leagues and 
Competitions 

 
4. BENEFITS AND FUTURE TRENDS  

 
There are several benefits of adopting Learning 

AV Kits. Some of these benefits are as follows:   
• There are many DIY or R2R kits 

available in the market based on the need 
and affordability.   

• These kits are available for different age 
groups K12 to college students.   

• These kits are suitable for any skill level 
from beginners to advanced.   

• It does not require prior skills or 

knowledge. The kits come with step-by-
step instructions set, and online tutorials 
or YouTube videos are also available.   

• Most of the Kits come with cloud 

application integrations. 
 
AV industries will create new jobs while other 

traditional vehicle industries will be greatly 
impacted which could cause a loss of more than 
four and a half million jobs worth $168 billion 
dollars of annual wages (UPCEA, 2017). In a 
study by the Institute of Transportation and 
Development Policy in 2017, there are three 
trends that, if adopted concurrently, would 

unleash the full potential of autonomous cars: 

vehicle automation, vehicle electrification, and 
ridesharing. By 2050, these “three revolutions in 
urban transportation” could (Synopsys, n.d.):  
 

• Reduce traffic congestion (30% fewer 

vehicles on the road) 
• Cut transportation costs by 40% (in 

terms of vehicles, fuel, and 
infrastructure) 

• Improve walkability and livability 
• Free up parking lots for other uses 

(schools, parks, community centers) 

• Reduce urban CO2 emissions by 80% 
worldwide 

 
According to McKinsey & Company, there are 

three-time horizons of AV diffusion before such 
vehicles become commercially available to 
individual buyers when they are in the early stage 

of adoption, and when they become the primary 
means of transport illustrated in Figure 4. It is 
highly likely that jobs created related to AVs will 
also grow tremendously during these time 
horizons. 
 

However, there are some variations among the 
researchers or agencies regarding the projected 
data in the next few decades, all those projections 
have high growth projections. From these, it is 
evident that AV projection in the next few 
decades will be an indispensable part of the 
modern transport system. To develop skilled 

manpower that can match with growth rate, it is 
urgent for the educational community to reform 
their curricula to ensure they cover diverse 
subjects that are required for AVs including 
software engineering, communication 
technologies, electrical engineering, etc (Bagloee, 

2016, Chaudhury et al, 2016).  
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Figure 4: The Self-Driving Vehicle 

Revolution and the Three Eras of AVs 
(Bertoncello, M., & Wee, D., 2021) 

 

5. CHALLENGES OF EDUCATIONAL IoT KIT 
 
Currently, AVs are one of the major innovations 
being one of the areas with greatest potential for 
transformation of society and the economy in the 
coming decades. As such, all the involved 
stakeholders including developers, industries, 

educators, and consumers, face several 
challenges that remain to be tackled. Some of the 
challenges in the education system are as follows: 

• Educators also have the challenge of adapting 

AVs into programs and curricula at a rapid 
pace to match the pace of adoption of the 
technology in the real world (Hadfield, C., 
2020). 

• Need to train students the individual 
components and sub-systems like lane 
following, road markings detection, 

obstruction detection, coding, etc. which may 
not fit a single course 

• Educators' reluctance to adopt new 
technology.  

• Educators may need to partner with 
employers/vendors to perform outreach to 

the multitude of careers with autonomous 
technology (Hadfield, C., 2020).  

• There are many available DIY kits available 
in the market and it may be hard for the 
beginner to know which one to choose.   

• The cost of the kits may range from $200 to 
$1000s. These costs may not be affordable 
for some students.   

• Troubleshooting the hardware components 
could be difficult to diagnose for the 
beginner.   

• Some devices and applications may not be 

compatible making them difficult to deploy.  
• Students will learn the basic concepts of how 

autonomous vehicle works from the small-
scale learning kits; however, the complexity 
of a real on-road autonomous vehicle is much 
greater and more robust. 

 
6. CONCLUSION 

 
Autonomous vehicle technology is on the horizon 
and widespread adoption of these technologies 
will grow rapidly over the next few decades as 

discussed in the self-driving vehicle revolution 
eras. These technologies will impact many sectors 
including government, auto industries, 
researchers, and educators, prompting them to 

seek new avenues of development and 
innovations and ways of adapting to these 
technologies. Educators need to incorporate or 

blend these topics into their existing courses. 
Small-scale learning kits could be the cost-
effective solution that can speed up the learning 
process and the realization of the potential of AVs 
can soon be the profound reality of driverless cars 
in the smart world.   
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Abstract 
 
Rapid advancements and emergent technologies add an additional layer of complexity to preparing 
computer science and information technology higher education students for entering the post pandemic 

job market. Knowing and predicting employers’ technical skill needs is essential for shaping curriculum 
development to address the emergent skill gap. Examining online advertisements to determine the skills 
sought by employers of new hires for these emerging areas and ensuring that program course content 

addresses these skills can be a daunting task. In this paper, the authors describe the development of a 
data-driven analytics framework that can be used for evaluating emerging skill clusters in online job 
adverts and the application of the framework to a mobile computing course at the authors’ institution. 
 
Keywords: Graph mining, network clustering, time-evolving network, emerging technology skills 
analysis framework 
 

1. INTRODUCTION 
 
In light of the current technology knowledge 
explosion, rapid advancements and continuous 
innovations require various actors (students, 
employers, educators, etc.) to quickly adapt in 

order to stand at the forefront of the competitive 
edge (Mitchel, 2022; Sun et al., 2021). In order 
to fill the “Skill Gap” left in the wake of these 
advancements, information systems (IS) 
educators must be able to understand and 
incorporate emerging information technology (IT) 
innovations to prepare students for future 

success (Agarwal & Ahmed, 2017; Liu & Murphy, 
2012; Mitchel, 2022). Meeting industry demand 
for such highly dynamic technical skills provides 

a significant challenge for IS educators (Leidig et 
al., 2020; Mitchell, 2022). The accelerated digital 
transformation of higher education institutions 
associated with new online platforms, tools, and 
teaching modalities wrought by the COVID-19 
epidemic adds additional challenges to effectively 

evaluating current online learning content and 
meeting the needs of the job market (Alenezi, 
2021). 
 
In recent years, online job advert-derived 
analytics solutions for skill demand assessments 
have been developed and implemented (Sun et 

al., 2021; Tamašauskaitė & Groth, 2022). 
Likewise, researchers have adopted data-driven 
analytics approaches to assessing IS/IT courses 

mailto:dschwieger@semo.edu
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and curriculum (de Blas et al., 2021; Yu et al., 

2021). Nevertheless, a quantitative framework is 
lacking for effectively assessing the emerging 
technology-related learning content in IS/IT 

courses through combining up-to-date and more 
accessible online job advert analytics with online 
course content analytics.  
 
In this paper, the authors propose a data-driven 
emerging skills analytics framework combining 
online job advert analytics with online course 

content analytics for automated knowledge 
interaction evaluation in IS/IT courses. Through 
applying the proposed analytics framework, 
students are able to maximize their skill value in 
the job market. IS/IT educators are also able to 
provide adaptive and up-to-date learning content 

relative to the current job market demand. 
Furthermore, employers may use the skill-centric 
skill assessment to recruit and retain skilled 
talents. The proposed framework consists of a 
conceptual university-industry knowledge 
interaction model, online job skill network 
analytics module, and an online course content 

analytics module for automated knowledge 
interaction evaluation in IS/IT curriculum. More 
specifically, the framework extracts graphlets 
with local-topological statistics from generated 
skill networks for role-based skill interaction 
analysis. A case study in an online mobile 
application development course was implemented 

for proof of concept and early verification. 
 

2. RELATED WORKS 
 
Identifying information technology job skills 
sought by employers has long been of interest to 

job seekers, academes, human resource 
administrators, and many others (Cummings & 
Janicki, 2020; Koong, Liu, & Liu, 2002; Morris, 
Fustos, & Haga, 2018). Research has been 
conducted using data mining and valuation 
models to identify and value skills in online job 
adverts (Sibarani & Scerri, 2019; Smith & Azad, 

2014). Further, technology innovations and the 
related emergent skill sets are fostered by the 
symbiotic relationship between education, 
research, and industry. To address the rapid 

evolution of technology development in the 
industrial space, it is imperative that universities 
develop support practices for gaining insights. 

 
2.1 Knowledge Interaction 
Cowan and Jonard (2001) noted that “…there are 
two aspects to technical change: knowledge 
creation and knowledge diffusion” (p. 328). They 
recognized the value of networks in the 

knowledge creation and diffusion process as both 
collective successes and failures are shared, 

processed, and examined by members of the 

sharing network. In his study of network 
epistemology, Zollman (2013) acknowledged the 
value generated by groups in knowledge 

development and transfer. His study focused on 
the particular nuances of the communication 
processes within these networks. Wijesinghi 
(2022) described the importance of collaborative 
relationships between educational institutions, 
research and development entities, industrial 
players, and innovation intermediaries (e.g., 

fellows, incubators, development agencies, etc.) 
in the development and transfer of technology 
innovations. Such relationships are essential to 
expeditious development and transfer of tacit, 
implicit, and explicit knowledge. da Silveria 
Bueno, et al. (2021) observed that global 

developments in the bioenergy field have been 
fueled by such collaborative networks. The 
authors noted that “…knowledge flows from the 
emerging networks and their relationships are 
outlining the frontier technologies in the 
bioenergy paradigm” (p. 15). Advancements in 
bioenergy production and other scientific fields 

illustrate how invaluable interdependent 
networks are to dynamically developing fields, 
technical organizations, and programs of study 
wishing to stay at the forefront of their fields.  
 
2.2 Skill Network Analysis 
Researchers have taken multiple approaches to 

addressing the volume and variety of network 
data. de Blas, et al., (2021) proposed the use of 

network analysis and dependency graphs in the 
design and development of undergraduate 
curriculum to reflect the temporal sequencing and 
dependencies of course content and its 

acquisition. The authors indicated that identifying 
key nodes and their relationships was one of the 
most important issues in the process. 
 
To address the widening skill gap found in the 
European data economy between supply and 
demand, Sibarani and Scerri (2019) used 

hierarchical clustering with co-word occurrence to 
identify job skill advert network demand and 
composition. They hypothesized that “…skill 
demand can, to an extent, be discovered and 

predicted, by tracking the skills network evolution 
over a series of observances derived from web-
posted job adverts” (p. 2). The authors assigned 

weights to the connections between clusters in 
the evaluation of relationships.  
 
Espejo et al. (2020) noted that the evolution and 
behavior of networks could be understood by 
analyzing the topology of complex networks. The 

authors proposed using the GHuST framework to 
decompose muti-node networks of various sizes 
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(e.g., Facebook, retweets, the Web, etc.) into 2- 

and 3- node graphlets for more manageable 
analysis and comparison.  
 

Dadzie, et al. (2018) recognized the limitations of 
the human mind in meaningfully identifying 
trends in big data sets. The authors utilized task- 
and context-driven scenarios along with 
interactive graphic visualization techniques to 
iteratively explore and discover job skill demand 
trends and co-occurrences provided by job 

adverts found on online job boards. The graphics 
allowed users to visually identify the skills in most 
predominant demand. 
 
2.3 Job Skill Analysis 
In their work on examining job advert skill 

clusters, Sibarai and Scerri (2020) described a 
Skills Cluster Observation and Discovery 
(SCODIS) framework they used to develop a 
forecasting model for evolving skill networks to 
predict future high-demand and emerging 
skillsets. Sun, et al., (2021) developed a Salary-
Skill Composition Network (SSCN) to extract job 

skills and measure their value based on immense 
job postings. The authors proposed a valuation 
model that was able to assign meaningful value 
to job skills in various contexts outperforming 
other models in predicting job salaries. The 
authors also suggested multiple applications for 
their model including the valuation of skills in the 

marketplace, salary predictions, knowledge and 
talent development, and guidance for job 

seekers. Such models can be used to address 
some of the current challenges faced by 
educators in that, with so many new technologies 
being introduced in industry, how do the 

emerging skills impact the current computing 
courses with dynamic job skill demand in high-
tech industries? 
 
3. ADDRESSING THE CURRENT CHALLENGE 
 
In this paper, the authors draw upon the works of 

Dadzie et al. (2018), Espejo et al. (2020), Sibarai 
and Scerri (2020), Sun et al. (2021) to develop a 
data driven network analytics framework to 
compare course content with emerging skill sets 

sought in online job adverts. The framework can 
be used to: 
 

• identify key industry workplace 
competencies to develop meaningful 
computing course content; 

• provide an analytics framework for capturing 
future technology trends; 

• support the development of interactive data 

driven analytics tools for discovering 
curricular opportunities; and 

• provide insights for fostering information 

and communications technology (ICT) 
innovations in university-industry 
collaborative networks. 

 
4. THE PROPOSED ANALYTICS FRAMEWORK 
 
The proposed framework consists of one high-
level conceptual model and two analytics modules 
for emerging technology-centric knowledge 
interaction evaluation. The conceptual university-

industry knowledge interaction model (Fig. 1) was 
created to provide a complete picture of the 
solution and present the key elements and their 
interactions in an analytics framework. The 
emerging technology-centric job skills network 
analytics module (Fig. 2) was implemented for 

evaluating the job market demand of the 
emerging technology skills related to 
conventional skills. The online course content 
analytics module (Fig. 4) was implemented for 
evaluating the contextual information of the 
emerging technologies in a conventional 
computing course (Clear & Parrish, 2020, p. 189; 

Wijesinghi, 2022, p. 56). The details are 
presented in the following sections. 
 
4.1 Conceptual University-Industry 
Knowledge Interaction Model 
The conceptual university-industry knowledge 
interaction model, as depicted in Figure 1, 

presents the agents (students, educators, and 
employers) in a knowledge-based society and 

their interactions. (Each of the three agents are 
represented by a node in the triangles.) If the job 
market demand of interconnected conventional 
skills and emergent skills can be measured, the 

educator develops tailored cross-disciplinary 
teaching and hands-on learning content to 
support the adaptive learning environment and fill 
the identified gaps between the emerging 
technology skills demanded by industry and the 
current computing curricula. The proposed 
conceptual model provides a high-level picture of 

an agent-based skill network with university-
industry interactions with emphasis on the fact 
that the process is iterative.  
 

The area to the right of the dashed line represents 
industry influences and the changing skill set 
demands of employers. The area to the left of the 

diagonal dashed line in the model represents the 
interactions and transformations taking place at 
the university level between Educators as 
Stimulators of learning and Students as Actors in 
the learning process.  
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Figure 1: Conceptual University-Industry Knowledge Interaction Model 

 

The arrows on the diagonal dashed line represent 
the interactions and influences that occur 
between industry and education (faculty and 
students) through the process of knowledge 
sharing, development, and growth. The small 
noded triangle sets on each side of the diagonal 
line represent the iterative process of changing 

states for each of the participants in the 

interaction process. For instance, as the faculty 
members realize the demand for particular skills 
in industry, they modify the content and their 
approach to teaching courses. As students learn 
the material, their skill set background enlarges, 
preparing them for further development. As 

graduates enter the industrial workforce prepared 
to address new and emerging technologies, 
industrial actors’ demand for more technical skills 
is further heightened. Influences in the 
interrelationships in the iterative process may be 
driven by any of the actors (e.g., Educators as 

Stimulators, Students as Actors, Employers in the 
Job Market) in each of the cycles. Thus, the model 
recognizes the iterative nature of the symbiotic 

relationships between the actors. 
 
4.2 Emerging Job Skill Network Analytics 
Module 

This section includes an extensive overview of the 
emerging job skill network analytics module with 
online-posted job adverts (Fig. 2). More 
specifically, the authors focus on industry-
demanded conventional skills having emerging 
characteristics. The online job advert dataset is 
represented as an undirected and weighted graph 

with a topology of interconnected skills and 
weight indices representing the associated 
strength between skills based on their observed 
job advert co-occurrences. The skill networks are 
then decomposed into six 2- and 3-node 
graphlets representing sets of highly 
interconnected conventional skills and emerging 

skills (Fig. 3). Through analyzing the skill 

graphlets, a quantitative result for evaluating job 
market demand for the emerging skills associated 
with a specific conventional skill can be provided. 
The role-based skill association strength is also 
calculated for the essential skill in leading and 
supporting roles based on the skill graphlets. The 

proposed framework, as depicted in Figure 2, 
comprises the steps that follow. 
 
Step 1: Job advert dataset generation 
A python program was developed to build a 
pipeline for job advert dataset generation (Dadzie 

et al., 2018). 
 
Step 2: Skill interaction identification 

Given a job advert with a job title string and a job 
context string, the skill interactions can be 
identified if the conventional skills and emerging 
skills appear in the title string and/or the context 

string. If the conventional skill set (C) appears in 
the title string and the emerging skill set (M) 
appears in the context string, every conventional 
skill is connected to every emerging skill (a 
complete bipartite graph) and the job advert has 
C × M skill interactions. 
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Figure 2: Emerging Job Skill Network Analytics Module  

 
If the conventional and emerging skills only 
appear in the context string, the 
conventional/emerging skills are fully 

interconnected (a complete graph) and the job 

advert has (C + M) (C + M - 1) / 2 skill 
interactions. The emerging skills in the title string 
are ignored for simplification purposes. 
 
Step 3: Skill interaction dataset generation 
Given a set of job adverts, a skill interaction 

dataset with a set of skill interaction instances 
(advert ID, skill ID, skill ID) can be generated by 
using the skill interaction identification method.  
 
Step 4: Conventional /emerging skill interaction 
network generation  
Given a skill interaction dataset with the skill 

interaction instances, an undirected graph can be 
generated G = (N, E), formed by the conventional 
skills and emerging skills N = {n1, n2, …, nN} as 

vertices and a set E = {e1, e2, …, eE} of edges ek 
= {ni, nj} when an advert contains the 
conventional skill i and emerging skill j. The 

weight of the edge Wij is the number of job 
adverts in which the skill pair appears. 
 
Step 5: Graphlet Decomposition 
The generated skill interaction network can be 
decomposed into a 2-node and a 3-node graphlet 
(G0, G1 and G2), as shown in Figure 3. The G0 2-

node graphlet has a skill pair (including Mobile 
Development - Cloud Computing, Mobile 
Development - Machine Learning, or Cloud 
Computing – Machine Learning) in an advert. 
Moreover, the G0 graphlets were labeled as G0L 
or G0S depending on if the advert title contained 

a conventional skill. The G0L 2-node graphlet has 

a skill pair with the mobile development skill in 
the advert title (including Mobile Development in 
Title – Cloud Computing or Mobile Development 
in Title – Machine Learning) and the mobile 
development skill node is highlighted in orange. 
The G0s 2-node graphlet has a skill pair with the 

mobile development in the advert context 
(including Mobile Development in Context – Cloud 

Computing or Mobile Development in Context – 
Machine Learning). 

0

G0

2-node Graphlets

1

G2

3-node Graphlets

2

3

G1G0L G0S

MD 
in Title

MD
in Context

Skill pair in an advert

MD in Context

Cloud Computing and Machine Learning in Context

MD
in Title

MD

CC/ML

ML

CC

CC MLCC/ML CC/ML

 
Figure 3: Graphlet Decomposition in 2-Node 
And 3-Node Graphlets (G0, G1 And G2). The 
2-Node Graphlet G0 is also Labeled As G0L 
Or G0S Depending on if the Advert Title 
Contains a Conventional Skill. The 
Conventional Skill Which Appears in The 
Advert Title is Highlighted as Orange 

 
In the 3-node graphlet G1, the advert title 

contained a conventional skill, and the advert 
context contained an emerging skill pair. The G1 
3-node graphlet has three skills in an advert with 
the mobile development skill in the advert title 

and the cloud computing & machine learning skills 
in the advert context (Mobile Development in Title 
– Cloud Computing in Context – Machine Learning 
in Context). In the G1 3-node graphlet, the 
mobile development skill node is highlighted in 
orange. In the 3-node graphlet G2, the advert 
title did not contain a conventional skill, and the 

advert context contained the emerging skill and 

an emerging skill pair. The G2 3-node graphlet 

has three skills in the advert context (Mobile 
Development in Context – Cloud Computing in 
Context – Machine Learning in Context) (Espejo 

et al., 2020; Hocevar & Demsar, 2016). 
 
Step 6: Role-based skill association strength 

measurement 
The role-based skill association strength is 
measured for the conventional skill in leading and 
supporting roles based on the skill graphlets. 
Similar with the SCODIS scheme (Sibarani & 
Scerri, 2020), the co-occurrence frequency 

(Callon et al., 1991) was used to calculate the skill 
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association strength in job adverts, JAij, JAij = 

(JCij)2 / (JCi × JCj), where JCij was the number of 
job adverts containing the skill pair i and j; JCi 
was the number of job adverts containing the skill 

i; JCj was the number of job adverts containing 
the skill j.   

 
The leading association strength LAij can be 

calculated based on G0L and G1 graphlets in 
which the conventional skill appears in the advert 
title, LAij = (LCij)2 / (LCi × LCj), 0 ≤ LAij ≤ 1, where 
LCij is the number of G0L and G1 graphlets 
containing the skill pair i and j, LCi is the number 
of G0L and G1 graphlets containing the skill i; LCj 
is the number of G0L and G1 graphlets containing 

the skill j.  

 
The supporting association strength SAij can be 
calculated based on extracted G0S and G2 
graphlets in which the conventional skill only 
appears in the advert context, SAij = (SCij)2 / (SCi 

× SCj), 0 ≤ SAij ≤ 1, where SCij is the number of 
G0S and G2 graphlets containing the skill pair i 
and j, SCi is the number of G0S and G2 graphlets 
containing the skill i; SCj is the number of G0S 
and G1 graphlets containing the skill j. 
 
4.3 Online Course Content Analytics Module 

In the online course content analytics module 
(Fig. 4), a python program was developed to build 
a pipeline for online course content dataset 
generation. The online course content was 

extracted from the Canvas learning management 
system modules pages. Through using the word 
frequency analysis on the online course content, 

the skill interactions between the conventional 
skill (extracted from the course title) and the 
emerging skills (extracted from the content) were 
identified. The identified conventional skill and 
emerging skill interactions were used to generate 
the skill interaction network. The skill association 

strength in course content CAij was then 
measured based on the generated skill interaction 
network, CAij = (CCij)2 / (CCi × CCj), where CCij 
was the number of skill interactions i and j; CCi 
was the number of skill interactions containing 
the skill i; and CCi was the number of job adverts 
containing the skill j. (Tamašauskaitė & Groth, 

2022; Yu et al., 2021). 

5. A CASE STUDENT IN AN ONLINE MOBILE 

APPLICATION DEVELOPMENT COURSE 
 
The influence that mobile terminal devices have 

had on society and the economy has been, and 
will continue to be, transformative. Thus, mobile 
app development education plays a critical role in 
computing related curriculums (Aimicheva et al., 
2020; Babb & Abdullat, 2012). Online mobile 
application development courses focus on the 
features and capabilities of the popular mobile 

platforms to develop a mobile application (Leidig 
et al., 2020). As industry continues to integrate 
emerging technologies such as cloud computing 
and machine learning into the mobile application 
development process, it is critical to have a better 
understanding of the dynamic skill demand in the 

industry and adaptively adjust course content to 
address the required skill set (Liu & Murphy, 
2012).  
 
In this case study, the proposed data-driven 
emerging skill network analytics framework was 
used to evaluate the market-oriented knowledge 

interaction in an online mobile application 
development course. The skill network analysis 
and visualizations were implemented to yield 
more insights for bridging the “Skill Gap” in 
program graduates.  
 
In this pilot research project, the authors focused 

on the most in-demand skills associated with 
mobile development skill requirements. A set of 

queries with the keywords “developer mobile 
$emerging skill” were implemented on the 
Indeed.com website. The query results are shown 
as Table 1 in the Appendix. Through use of the 

network analysis and visualization tools Pajek 
(Batageli & Mrvar, 2022) and VOSviewer (van Eck 
& Waltman, 2022), a conventional/emerging skill 
network was generated based on the Indeed 
query results (Fig. 5). According to the co-
occurrence of the conventional mobile 
development skill and various emerging skills in 

the job adverts (Fig. 6), the most in-demand 
emerging skills, cloud computing and machine 
learning, were selected as query keywords for 
data collection.
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Figure 4: Online Course Content Analytics Module  
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Figure 5: Percentage of Adverts with Various 
Emerging Skills in 33,067 Adverts 

Requesting Mobile Development Skills 

 
5.1 Data collection 
Job adverts derived from online job 
search/recruitment websites, such as Indeed, 
Monster, Glassdoor, FlexJobs, Ladders, AngelList, 
LinkedIn, Getwork, Scouted, Snagajob, etc. have 
been useful mining resources for identifying 

demand skills in the job market (Greenacre & 
Hastie, 2010; Wowczko, 2015; Zhang et al., 
2017; Zhao et at., 2015). A python program with 
the emerging job skill network analytics module 
was implemented to collect online job advert data 

from the Indeed website. In this research, a set 
of html files containing 3,000 online job adverts 

were collected consisting of 1,000 adverts from 
the query “developer mobile cloud”, 1,000 
adverts from the query “developer mobile 
machine learning”, and 1,000 adverts from the 
query “developer mobile cloud machine learning”. 
The job advert skill interaction datasets, including 

the mobile-cloud dataset (MC dataset), mobile-
machine learning dataset (ML dataset), mobile-
cloud-machine learning dataset (MCL dataset), 
and AD dataset with all adverts, were then 
generated based on the collected html files. 
 
Another python program containing the online 

course content analytics module was 

implemented to collect online course content data 
from the Canvas course website at the authors’ 
institution. In this work, the html file of the 
Canvas Modules page listing the course content 
was collected for the online mobile application 
development course. The online learning content 

consisted of 20 learning modules, 22 hands-on 
projects, 10 individual/group assignments, 14 
Zoom class sessions, and related learning 
materials/resources. The course content skill 

interaction datasets were created based on the 

Canvas html file. 
 

Edge Computing Robotics
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Deep Learning
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Figure 6: Indeed Query Results 

conventional/Emerging Skill Network 
 
5.2 Modeling 
Four skill networks with 13 skills as nodes and 78 

weighted skill interactions as edges were built by 
using the job advert skill interaction datasets 
(MC, ML, MCL, and AD datasets) as depicted in 
Figure 7. The four skill networks have the same 
nodes and edges with different weights on the 
edges. However, the authors focused only on the 
skill interactions between the mobile 

development skills and associated most in-

demand emerging skills (including cloud 
computing and machine learning). The number of 
skill interactions between the mobile 
development and cloud computing (M-C), mobile 
development and machine learning (M-L), and 
cloud computing and machine learning (C-L) 

various datasets are shown in Table 2. 
 

 

MC 
Dataset 

ML 
Dataset 

MCL 
Dataset 

AD 
Dataset 

M-C 392 20 274 686 

M-L 2 434 278 714 

C-L 0 32 123 155 

Table 2: The Number of the Skill Interactions 
Between the Mobile Development and Cloud 

Computing (M-C), Mobile Development and 
Machine Learning (M-L), and Cloud 
Computing and Machine Learning (C-L) In 
the MC, ML, MCL, and AD Datasets 

 
The 2-node and 3-node graphlets (G0, G1, and 
G2) which consist only of the mobile 
development, cloud computing, and machine 
learning skills, were then extracted from the 
generated skill networks, as shown in Table 3. 
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Figure 7: One of the Four Skill Networks with 
13 Skills as Nodes and 78 Skill Interactions 
as Edges Built Using the Job Advert Skill 
Interaction Datasets (MC, ML, MCL, And AD). 
The Four Skill Networks Have the Same 

Nodes and Edges with Different Weights on 
the Edges. 

 

Graphlet 
MC 

Dataset 
ML 

Dataset 
MCL 

Dataset 
AD 

Dataset 

G0 394 454 552 1400 

G1 0 0 0 0 

G2 0 32 123 155 

Table 3: The Number of the 2-Node and 3-

Node Graphlets (G0, G1, and G2) Consisting 
Only of the Mobile Development, Cloud 
Computing, and Machine Learning Skills 
from Various Skill Networks 
 

In this pilot research project, we extracted the top 
8 high-frequency words from the Canvas Modules 
Page of the online course (41,520 total words of 
which 386 were unique). A skill network with 9 
skills as nodes and 8 weighted skill interactions 
as edges was created by using the online course 

content analytics module, as shown in Figure 8. 
The weighted edges are represented as the top 8 
high-frequency skills and the conventional skill 
“Mobile Development” in the Canvas Course 
Modules html file of the online mobile application 

development course (Fig. 9). 
 

6. ANALYSIS OF NETWORKS 
 

A set of analyses were developed based on four 
generated skill networks derived from various 
online advert datasets including MC, ML, MCL, 
and an Integrated AD dataset. As shown in Figure 
10, the cloud computing-related mobile developer 

job adverts in the MC dataset had: 

• higher demand of individual Mobile-Cloud 

Interaction computing skills (39% adverts),  
• very low demand of individual Mobile-

Machine Learning interaction skills (0.2% 

adverts), and  
• no demand for Cloud Computing-Machine 

Learning interaction skills (no adverts).  
 

Mobile Development

Google Maps

Java

Machine learning

Android

Google Firebase

Animation

Google Analytics

Google OAuth

 
Figure 8: A Skill Network with 9 Skills as 

Nodes and 8 Weighted Skill Interactions as 
Edges. 

 

 
Figure 9: Top 8 High-Frequency Words 
Extracted from the Online Mobile Application 
Development Canvas Course (Total 41,520 
Words of which 386 Were Unique) 
 
The machine learning-related mobile developer 

job adverts in the ML dataset had: 
 
• very low demand of individual Mobile-Cloud 

Interaction computing skill (2% adverts),  
• higher demand of individual Mobile-Machine 
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Learning interaction skills (43.4% adverts), 

and  
• very low demand for Cloud Computing-

Machine Learning interaction skills (3.2% 

adverts).  
 

 
Figure 10: Percentage of Different Skill 

Interactions in Various Skill Networks (MC, 
ML, MCL, and AD) 
 
The cloud computing- and machine learning-
related mobile developer job adverts in the MCL 
dataset had: 

 

• moderate demand of individual Mobile-Cloud 
Interaction computing skill (27.4% adverts),  

• moderate demand of Mobile-Machine 
Learning Interaction skills (27.8% adverts), 
and  

• moderate demand for Cloud Computing-
Machine Learning Interaction skills (12.3% 

adverts).  
 
According to the generated skill networks derived 
from online job adverts, the job market also 
requests the combined skills of cloud computing 
and machine learning for mobile-related 

developers. 
 

A set of 2- and 3-node graphlets were generated 
from four skill networks (MC, ML, MCL, and AD). 
As depicted in Figure 11: 
 
• cloud computing-related mobile developer 

job adverts had a higher demand for 
individual cloud computing skills (having 2-
node graphlet (G0) in 39.4% adverts);  

• machine learning-related mobile developer 
job adverts had a higher demand for 

individual machine learning skills (having 2-

node graphlet (G0) in 45.4%); and  
• cloud computing- and machine learning-

related mobile developer job adverts had a: 

• higher demand of individual cloud 
computing or machine learning skills 
(having 2-node graphlet (G0) in 55.2% 
adverts), and  

• moderate demand of cloud computing-
machine learning combined skills (having 
3-node graphlet (G2) in 12.3% adverts).  

 

Figure 11: Percentage of 2-Node Graphlet 
(G0) and 3-Node Graphlet (G2) in Various 
Skill Networks (MC, ML, MCL, and AD) 

 
Through identifying the skill interactions between 
the job title and context in the job adverts, the 

roles of the skills were recognized in the 
generated skill networks. The following results 
were brought to light through the analysis:  
 
• If the job title contained “mobile” as a 

keyword, the job advert was a mobile 
development-centric job advert. The mobile 

development skill was a leading skill in this 
job advert, the cloud computing and/or 
machine learning skills in the context were 
supporting skills.  

• If the job context contained “mobile” as a 
keyword instead of the job title, the job 

advert was a mobile development-related job 

advert. The mobile development skill was also 
a supporting skill in this job advert.  

• As shown in Figure 12, the most collected job 
adverts were mobile development-related 
with the conventional mobile development 
skill as a supporting skill (86.8% in total 

adverts). Moderate cloud-related developer 
job adverts required mobile development 
skills as a leading skill (27.1% in the MC skill 
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network).  

• Most machine learning-related developers 
adverts required mobile development skills as 
a supporting skill (93.2% in the ML skill 

network and 94.2% in the MCL skill network).  
• As depicted in Figure 12 and Figure 13, the 

mobile development-related job adverts had 
a higher demand for the combination of 
individual machine learning skills and cloud 
computing-machine learning skills. 

 

 
Figure 12: Percentage of Mobile 
Development-Centric Job Adverts (L) and 
Mobile Development-Related Job Adverts 
(S) in Various Skill Networks (MC, ML, MCL, 
and AD) 
 

 
Figure 13: Percentage of Role-Based Skill 
Interactions in Various Skill Networks 
 
The next section describes the application of the 

network to the skill content taught in a mobile 
development course at the authors’ institution. 

 
7. APPLICATION OF THE NETWORK TO A 

MOBILE DEVELOPMENT COURSE 
 
The skill network generated from the course 

online content consisted of eight high-frequency 
words associated with the conventional mobile 
application development skills. Five of the words 
were derived from the services provided by the 
Google Cloud Platform (GCP) including Google 
Maps, Google Firebase, Google Analytics, and 

Google OAuth. The interaction strength between 

the mobile application development skill and the  
cloud computing skill was calculated as a sum of 
the frequency of the five words (Maps, Firebase, 

Analytics, and OAuth). The course content skill 
network was then generated consisting of 6 nodes 
and 5 weighted edges. The skill interaction 
strength is shown in Figure 14. 
 
The skill association strength was measured 
through multiple skill networks including the: 

 
• course content skill network,  
• AD skill network containing all collected job 

adverts,  
• leading skill network with all mobile-centric 

adverts, and  

• supporting skills network with all mobile-
related adverts.  

 
Figure 14: Skill Interactions Strength in the 
Course Content Skill Network with 6 Nodes 
(Including Mobile Development, Cloud 
Computing, Machine Learning, Java, and 
Animation) and 5 Weighted Edges 

 
As shown in Figure 15, the skill association 
strength of the conventional mobile application 
development skills and the emerging cloud 
computing skills (0.29 in MC interactions) were 
higher than the strength of the mobile application 
development skills and the emerging machine 

learning skills (0.12 in ML interactions) in the 
course content skills network.  

 
In the next sections, the authors describe the 
changes that were made to the course based 
upon the results of the analysis. 

 
8. OUTCOMES 

 
Based on the market-oriented skill network 
analysis and the course content-based skill 
network analysis, more cloud computing- and 
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machine learning-related learning content should 

be integrated into the author’s current online 
mobile application development course. In Spring 
2022, the online mobile development course was 

redesigned and enhanced with more emerging 
skill-related learning content. As shown in Table 
4 in the Appendix, in addition to the original 10 
mobile development hands-on projects from the 
previous semester, an additional 8 hands-on 
mobile development projects with emerging skills 
were incorporated including cloud computing (4), 

machine learning (2), cybersecurity (1), and IoT 
(1). Another 2 hands-on mobile development 
projects with data analytics skills and animation 
skills were also integrated. The comprehensive 
learning content of the new additional hands-on 
projects was provided on the Canvas course 

website including lecture notes, recorded lecture 
videos, study guides, project manuals, recorded 
project instruction videos, supplemental 
materials, external resource links, and forums. In 
future course content analysis and application of 
the framework, data will be extracted from these 
resources as well. 

 

 
Figure 15: Skill Association Strength in 
Various Skill Networks Including:  Course 
Content Skill Network, AD Skill Network w/ 
All Collected Job Adverts, Leading Skill 
Network w/ All Mobile-Centric Adverts, and 
Supporting Skill Network w/ All Mobile-

Related Adverts 

 
9. CONCLUSION 

 
Ensuring that faculty teach the requisite 
emergent technical skills that employers need 
graduates to have as they enter the marketplace 

is imperative. In this paper, the authors described 
the development of a data-driven analytics 
framework that can be used for evaluating 
emerging skill clusters in online job adverts. The 
framework was then applied to the content of a 
mobile application development course taking 

into account current online job advert skill set 

requirements.  
 
The focus of the authors in this pilot research 

project was to provide a data-driven framework, 
and technical solution, to provide some high-level 
graphics and insights based on dynamic job 
market requirements for IS/CS educators. 
However, adjustments to teaching materials are 
contingent on instructors’ understanding of the 
materials, instructional strategy, and teaching 

philosophy. More evaluative work needs to be 
done in the future regarding the impact of job 
market requirements in the IT industry in IS/CS 
program curriculum design. 
 
In future research, the authors would like to apply 

the framework to further analyze other IS/IT 
curriculum as well as incorporate audio data 
extracted from course lecture videos. In addition, 
the model can be extended to conduct a data-
driven market-oriented skill valuation 
assessment across higher education modalities 
(conventional/online/hybrid coexistence) during 

the post pandemic digital transformation. The 
authors would also like to introduce education 
costs/tuition fees as a variable into the framework 
and compare the results with the market-oriented 
skill valuation framework. 
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APPENDIX - TABLES 

 

ID Role 
Conventional 

skill 
Emerging skill Query keyword 

Co-

occurrence 

1 Developer Mobile Cloud Computing developer mobile cloud 15,982 

2 Developer Mobile Machine Learning developer mobile machine learning 3,020 

3 Developer Mobile Internet of Things developer mobile iot 2,879 

4 Developer Mobile AR/VR developer mobile ar vr 2,236 

5 Developer Mobile AI developer mobile ai 2,186 

6 Developer Mobile Deep Learning developer mobile deep learning 2,112 

7 Developer Mobile Edge Computing developer mobile edge 1,197 

8 Developer Mobile Blockchain developer mobile blockchain 1,156 

9 Developer Mobile 3D developer mobile 3d 873 

10 Developer Mobile Cybersecurity developer mobile cybersecurity 629 

11 Developer Mobile Robotics developer mobile robotics 488 

12 Developer Mobile Digital Currencies developer mobile currency 281 

13 Developer Mobile N/A developer mobile 33,067 

Table 1: A Set of Queries with the Keywords “Developer Mobile $Emerging Skill” On Indeed 
Website. 

 

ID Module Conventional skill Emerging skill Hands-on project 

1 0 Android  Building work environment project 

2 1 Java  Basic Java programming project 1 

3 2 Java  Basic Java programming project 2 

4 3 Android  Test run project 

5 4 Android  Android Studio welcome project 

6 4 Android  MPAndroidChart project 

7 5 Android  TipCalculator project 

8 5 Android Cloud Google Charts project 

9 6 Android  FlagQuiz project 

10 6 Android  Android View Animation project 

11 7 Android  Doodlz project 

12 7 Android Cloud Google Maps project 

13 8 Android  CannonGame project 

14 8 Android Cloud Google OAuth login project 

15 9 Android  WeatherViewer project 

16 9 Android Machine Learning 
Text and facial features recognition with 
Google ML Kit  

17 10 Android  Twitter Search project 

18 10 Android Machine Learning 
Text translation with Google ML Kit 
project 

19 11 Android  AddressBook project 

20 11 Android Cloud Google analytics with Firebase project 

21 12 Android IoT Flutter Android application project 

22 12 Android Cybersecurity Rooted Android Studio AVD project 

Table 4: The 22 Hands-On Projects in the Online Mobile Application Development Course in 

Spring 2022. The New Added Hands-On Projects Were Highlighte 
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Abstract  
 
Instruction in an introductory programming course is typically designed to introduce new concepts and 
to review and integrate the more recent concepts with what was previously learned in the course. 
Therefore, most exam questions in an introductory programming course require students to write lines 
of code that contain syntactic elements corresponding to the programming concepts covered during the 
instruction. This study investigates the number of concepts involved in the exam problems of an 
introductory Java programming course. In addition, this study compares how the increase in the number 

of concepts correlates with the ability of students to write error-free lines of code. The instructional 
method adopted in this study focuses on providing students with a problem-solving schema and a 
resultant programming plan that integrates many concepts to meet the problem’s goal. Results from 
this study indicate that as the course progresses through the semester, students, on average, apply 

appropriate problem-solving schemas and programming plans to produce more error-free lines of code, 
despite an increase in the concept count in the problems. Furthermore, the exam problems later in the 
course repeat the application of cluster concepts that have appeared in the past exam. This paper 

illustrates how programming is a cumulative skill and that repeating and building upon the applications 
of these concept clusters several times through the course increases the likelihood that students will 
produce more correct lines of code as the semester progresses. 
 
Keywords: Concepts, Introductory-Programming, Lines-of-code, Exams, Program. 
 

 
1. INTRODUCTION 

 
Failure rates in introductory programming 
courses have prompted several researchers to 
identify the causes that make these courses 
difficult for students (Watson & Li, 2014; 

Medeiros et al., 2019; Bennedsen & Caspersen, 
2019). One thread of research has explored the 
types of assessment used in introductory 
programming courses to determine the factors 
that make the test items difficult (Zur & Vilner, 
2014; Ford & Venema, 2010). Exams in a 
programming course typically consist of tasks 

designed to assess how well students can apply 
various programming constructs to solve 
problems. The difficulty of a programming task in 

an exam item may be evaluated subjectively from 
student self-assessments or objectively by 
collecting data about the problems' 
characteristics and their solutions (Braarud, 
2001).  
 

Prior studies have found that the difficulty of 
exam questions in introductory programming 
courses taught by different instructors depended 
on various measures of complexity such as the 
degree of explicitness, reference to an external 
and unfamiliar domain, hard-to-learn concepts, 
linguistic complexity, intellectual complexity level 

based on Bloom's taxonomy. (Sheard et al., 
2011; Sheard et al., 2013; Harland, D’Souza & 
Hamilton, 2013). In these studies, the complexity 
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measures were evaluated based on the 

instructors' perceptions, and the exam questions' 
resulting difficulty was inferred through the 
students' marks. 

 
Studies also noted that exam questions in 
introductory courses were predominantly 
composed of integrative code-writing questions 
that required students to apply multiple concepts 
(Petersen et al., 2011). Evaluating questions' 
content and cognitive requirements indicate that 

students must internalize a large amount of 
introductory programming content and gain 
enough practice solving problems to succeed in 
the exams. While academics can evaluate the 
difficulty of the exams, they tend to 
underestimate the total number of concepts used 

versus those evaluated (Simon et al., 2012). For 
example, a question on loops requires students to 
master basic concepts such as Boolean logic, 
variables, data types, operators, and the 
associated syntax before constructing a loop that 
solves a given problem. Some programming 
concepts are so fundamental that they are used 

in every code-writing instance and must be 
committed to long-term memory.  
 
Cognitive load theory explains that concepts not 
fully internalized must be reasoned in the working 
memory (Ericsson & Kintsch, 1995; Berssanette 
& de Francisco, 2022). In addition, the mind is 

limited in its ability to work with multiple concepts 
simultaneously, and therefore, students who 

need more mastery of fundamental concepts face 
an increasing cognitive burden (Muller et al., 
2007). Results from prior studies argue that we 
may be asking students in introductory 

programming courses to master too many 
concepts in a short time (Goldman et al., 2010). 
 
This study investigates the intrinsic cognitive load 
of course contents in an introductory 
programming course by quantifying the 
conceptual complexity of the exam problems used 

to assess student learning. The conceptual 
complexity of an exam problem is measured by 
the number of distinct concepts contained in an 
optimal code solution. Instruction in an 

introductory programming course takes place by 
introducing students to new concepts and 
integrating them with the previously taught 

concepts. Therefore, exam questions are 
formulated to assess the conceptual knowledge 
gained by students by evaluating how well 
students learn to integrate and apply these 
concepts to solve problems.  
 

This study investigates how the cognitive load 
introduced in learning programming concepts 

impacts the ability of students to produce correct 

code. First, the conceptual complexity of the 
course contents is measured by counting the 
concepts expected to be applied in each of the 

solutions to the exam problems. Then, the 
learning outcome is measured as the correctness 
of the lines of code of the solutions produced by 
students at three different points through a 
fifteen-week semester. 
 
The approach of evaluating the conceptual 

complexity of exam problems by identifying and 
counting the number of concepts applied in the 
expected solution, as explained in this paper, 
could be used by instructors to objectively gauge 
the difficulty of exam questions in their 
introductory programming courses. This paper 

also examines the possibility of using lines of code 
as a reasonably good metric within an 
introductory programming course to score the 
exam solutions for a student's ability to write code 
by applying the required concepts. The research 
question of this study is formulated as follows: 
 

RQ1: How do the number of distinct concepts 
students apply to solve exam problems increase 
as the semester progresses in an introductory 
programming course? 
 
RQ2: How do the number of concepts students 
apply to solve a programming problem correlate 

with their ability to produce an error-free solution 
as they obtain instruction and practice to solve 

application-based problems in an introductory 
programming course? 
 
This study takes place in a live classroom with 

class lectures and a detailed code walkthrough 
demonstrating the instructor's practices in 
applying the concepts to solve problems. The 
introductory programming course investigated in 
this study has three monthly exams that test the 
ability of students to recall, analyze and apply 
their conceptual knowledge to write code 

sequences. The findings of this study have 
implications for designing instruction that 
supports instructors and students in taming the 
complexity of integrating many concepts in 

programming solutions. 
 

2. THE COURSE CONCEPTS AND  

LINES OF CODE 
 
Course exams are a valuable proxy for deriving 
curricular expectations and determining what 
instructors understand as essential. This study 
explores the concepts used in the exam questions 

of an introductory Java programming course. 
While no standard concept inventory exists for 
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introductory programming courses, researchers 

have used varying methods to derive a list of 
essential concepts. For example, Tew and Guzdial 
have used the contents of textbooks to identify 

ten critical topics (Tew & Guzdial, 2010). Schulte 
and Bennedsen shortlisted 28 topics from the 
literature and asked instructors to rate the 
difficulty and relevance of each (Schulte & 
Bennedsen, 2006). A prior study by Petersen et 
al. evaluated exam contents and observed that 
the number of concepts considered by instructors 

while evaluating and grading programming 
solutions in an exam is fewer than those used to 
construct the program (Petersen et al., 2011). 
 
This study draws the concepts from a concept 
inventory created for CS1 courses (Goldman et 

al., 2010), as depicted in Table 1. 
 

          Concept 

Program 
Structure 

Arithmetic 
Operators 

Method 
Structure 

Assignment 
Operator 

Method 
Parameter 

Operator 
Precedence 

Method 

Return 

Proper use of 

parenthesis 

Method 
Call  Expression 

Syntax Statement 

Data 

Types Conditionals 

Variables 
Decision 
Structures 

Literals Loops 

Boolean 
Operators Nested Loops 

Variable 
Scope 

String 
methods 

Table 1. List of Concepts 

 
All the concepts displayed in Table 1 are treated 
as being equally difficult, although studies have 
qualitatively identified certain threshold concepts 
that are more critical than others in the learning 
process (Meyer & Land, 2005; Sanders & 

McCartney, 2016). However, the results of these 

studies could only broadly identify the threshold 
concepts, for example, as pointers or object-
oriented programming. Both these topics were 
not included in the curriculum of the introductory 
course, whose content is investigated in this 
paper. A study by Cherenkova et al. (2014) 

investigated a large dataset of CS1 code-writing 
attempts and found that certain straightforward 
application of concepts tend to be problematic 
even towards the end of the term. 

Thus far in computing education, evaluating code 

complexity of solutions has either involved expert 
evaluation or the use of convenient metrics, such 
as the number of syntactic elements in a piece of 

code. While metrics-driven software engineering 
has fallen out of favor, they are a convenient 
quantitative method for measuring code 
(DeFranco & Voas, 2022). One popular metric, 
lines of code, is commonly used to measure 
developers' productivity. Lines of code is also an 
intuitive metric for measuring software size since 

its effect can be visualized. For example, lines of 
code could be used to count a program's volume 
of instructions (or statements). However, not all 
lines of code in a Java program may terminate in 
a semi-colon. For example, a for-loop does not 
contain a semi-colon but forms a line of code 

containing an executable entity. 
 
Lines of code may be composed differently by 
novice and professional programmers (Kramer et 
al., 2017). Skilled developers can apply more 
syntactic entities with far less code. However, 
most novice developers, such as the students 

who attend an introductory programming course, 
only pack a physical line of code with a few logical 
constructs. While learning, it is easier for novices 
to comprehend and write code if each physical 
line contains the application of fewer logical 
constructs and the program is written in a step-
by-step manner, as a logical sequence, using 

separate lines.  
 

This study considers two types of heuristics - the 
number of concepts expected to be applied in an 
optimal solution and the expected lines of code to 
study how these metrics could infer the problem's 

complexity. The lines of code count all the 
instances of using syntactic elements that 
correspond to the concepts used to solve the 
problem. On the other hand, the concept count 
only considers the "distinct concepts" used to 
formulate an optimal solution. It is important to 
note that the number of distinct concepts applied 

in the solution should be optimal, which means 
these concepts are the ones whose application is 
necessary and cannot be avoided in the solution. 
This study explores how these two heuristics - the 

number of distinct concepts expected in an 
optimal solution and the total number of lines of 
code in the students' solution, could gauge 

students' learning progress to solve increasingly 
more significant problems in a course during a 
semester. 
 

3. THE STUDY 
 

This study takes place in a 15-week introductory 
Java Programming class in an undergraduate-
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level Computer Information Systems program at 

a public university. The course has three-unit 
exams that are spread out throughout the course. 
Exam1 covers the topics of decision structures. 

Exam 2 focuses on loops, and Exam 3 tests the 
ability of students to modularize their code using 
methods. 
 
The Exams 
The exams comprised coding problems that 
required students to apply their conceptual 

knowledge. Some questions only require students 
to analyze code. Most questions, however, 
require students to write a code solution. The 
exam questions were of variable points, and 
scores were assigned to each question based on 
the correctness of the code lines expected in the 

solution. In addition, students are given partial 
points to a solution based on the percentage of 
the number of lines of code answered correctly, 
compared to the lines of code expected in a 
correct solution. Given the stringent time allotted 
to complete the exams, no open-ended questions 
could have resulted in a high degree of code 

variability in the solutions. Each hour-long, 
closed-book exam was conducted in a classroom, 
and the exam was strictly timed and proctored. 
Students access and submit their exams through 
the course learning management system. 
Furthermore, due to the time limits of the exams, 
students were not asked to use a compiler to run 

their solutions during the exam. The exam's 
primary intent was to test students' ability to 

recall the syntax and apply their conceptual 
knowledge to write java program statements.  
 
Points carried by an exam question correlated 

with the number of lines of code students had to 
write or analyze. For example, short answer 
questions required students to write or analyze 
one or two lines of code. Medium-sized questions 
had solutions that contained between 5-11 lines 
of code. A more extensive solution had about 12-
26 lines of code. A summary of the characteristics 

of the exam questions for the three exams is 
given in Table 2. The upcoming sections of this 
paper will illustrate how the conceptual 
complexity of the exam questions evolves 

between the three exams. It must be emphasized 
that the exam questions were created such that 
the program solutions resembled a multi-step 

problem solving process, where each step 
involves application of a different cluster of 
concepts. Therefore, care was taken to ensure 
that larger code sizes in the exam solutions did 
not just result from repetition of similar 
statements involving the same group of concepts. 

  Exam1 Exam2 Exam3 

Duration 1 hour 1 hour 1 hour  

Max 
points 50 70 100 

# of  
questions 8 8 5 

Points/ 
question 

between 
 5 and 
20 

between 
 5 and 
20 

between 
10 and 
50 

Approx # 
of 

expected  
Lines of 
Code / 
question 

between 
 1 and 
16 

between 
 1 and 
16 

between 
 7 and 
25 

Table 2 – Exam summary 

 
The Instruction 
Before each exam, students were exposed to the 
exam topics via class lectures, code 
demonstrations, and weekly assignment 
exercises. The course contents are covered in 
four modules. Appendix D shows the assignment 

problems from each module along with the key 
concepts covered in that module. Through these 
learning activities, students are exposed to 
various problems that apply the concepts listed in 
Table 1. Appendix D also categorizes problem into 
various types such as calculators, checkers, 

counters etc. The code demonstrations used to 
instruct problem solving methods in class, 
covered several application scenarios and code 

development techniques. Every code walkthrough 
thoroughly explained a programming problem 
and solutions using a program plan that reflected 
the instructor’s problem-solving schema. 

Appendix C also shows how a simple problem 
could be broken down into various steps to 
develop a code walkthrough. Appendix C also 
shows a flow chart used by the instructor to plan 
the code walk through for any given problem.  
 
The assignment problems provided means for 

students to solidify their conceptual 
understanding and apply (or modify) their 
problem-solving schemas to solve similar 
problems from a different context. Appendix D 
shows a sequence of assignment problems that 

also allows the reuse the concepts covered in the 

previous assignments. The assignment problems 
are similar in scope and scale to the ones whose 
solutions are explained in the code 
demonstrations. The exams help the instructor 
evaluate how correctly students transfer the 
problem-solving schemas and program plans 
involving multiple concepts to fit the specific 

context of an exam problem. 
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Exam solutions of 25 students who attended all 

three exams were collected. Any information 
identifying a student was removed from the 
solutions. Student submissions were not matched 

across the exams. Students' answers were scored 
for correctness by comparing them with the 
expected statements and syntax of the lines of 
code in the instructor's solutions. Every line of 
code that formed a statement was checked for 
correctness and assigned a point only if there 
were no errors. 

 
4. RESULTS 

 
Concepts in the Exam Questions 
An analysis of the exam questions by the course 
instructor revealed all the concepts that a student 

needs to apply to solve each exam question. 
Figure 1 shows that the total number of concepts 
increased in the later exams. Figure 1 names 
each exam problem using the exam number and 
the problem number. For example, E3P5 stands 
for Exam 3, problem 5. Appendix A shows the 
mapping of each exam problem to the distinct 

concepts that need to be applied to write an 
optimal solution. Appendix B lists a partial list of 
questions from the three exams. 
 
Figure 1 also shows the approximate number of 
lines of code students were expected to write or 
analyze in each exam problem. It can be 

observed from Figure 1 that even a single line of 
code could contain syntactic elements that 

represented multiple concepts. For example, 
problem E1P1 (described in Appendix B) required 
students to analyze a statement that contained a 
compound Boolean expression containing 

comparison and logical operators. While students 
were evaluated based on their understanding of 
Boolean expressions, they also needed to 
understand several foundational concepts, such 
as operator precedence, proper use of 
parenthesis, and the Java syntax used to 
comprehend a Boolean expression.  

 
In Exam 1, problems 1, 2, and 3 (listed as E1P1, 
E1P2, and E1P3) required students to analyze a 
given statement, and problems 4, 5, 6, 7, and 8 

(depicted as E1P4 – E1P8) required students to 
write lines of code using the concepts required to 
write if-else or switch statements. 

Appendix B describes some of the questions from 
Exam 1. For example, writing lines of code that 
contain decision structures and the actions that 
follow the truth value of each conditional 
expression in the decision structure brings 
together 10 – 14 concepts, as observed in the 

concept mapping table in Appendix A. The bars 
corresponding to E1P5, E1P6, E1P7, and E1P8 in 

Figure 1 also show the many concepts used to 

solve these problems. 
 

 
Figure 1. Concept count and the expected 

lines of code for exam questions. 

 
Exam 2 required students to know how to write 
applications that use while, do-while, and for 
loops. Programs that included loops also 
contained foundational concepts such as 
variables, Boolean expressions, different types of 

operators, and simple conditional statements. To 
apply loops in a program, students also need 
knowledge of data types and syntax rules to 
compose expressions and statements. The 
number of lines of code in Exam 2 composed of 
problems E2P1 till E2P8 are shown in Figure 1. 

Even though two problems may have the exact 
concept count, their lines of code may differ 
based on the program plan for the solution. Some 

problems may have additional statements 
requiring using a different set of operators and 
print statements, thereby adding the number of 
lines of code without increasing the concept 

count. For example, this was the case in problem 
E2P4 compared to other problems with similar 
concept counts. 
 
Appendix A shows the concept mapping of these 
problems, and Appendix B describes a partial list 
of the problem statements. The concept count of 

0 10 20 30

E1P1

E1P3

E1P5

E1P7

E2P1

E2P3

E2P5

E2P7

E3P1

E3P3

E3P5

LINES OF CODE 

EX
A

M
 -

P
R

O
B

LE
M

Number of Concepts Lines of Code ( approx)



Information Systems Education Journal (ISEDJ)   21 (1) 
ISSN: 1545-679X  March 2023 

©2023 ISCAP (Information Systems and Computing Academic Professionals)                                            Page 58 

https://isedj.org/; https://iscap.info  

the Exam 2 problems is relatively high compared 

to the expected lines of code in the solutions. For 
example, writing a simple for-loop requires 
knowledge of arithmetic and Boolean operators, 

appropriate use of variables and their scope, and 
the syntactic elements used to compose 
expressions and statements. Additional concepts 
are used to write statements that form the loop’s 
actions. 
 
Exam 3 requires students to write modular code 

using methods. Students must comprehend the 
questions and translate the requirements into 
code by writing the correct return type, 
arguments, and statements in the method’s body. 
Depending on the problem’s requirements, a 
method’s body may require the application of 

concepts such as arithmetic and Boolean 
operations, decision structures, or loops. 
Therefore, questions in Exam 3 also included the 
concepts that constituted the problems in exams 
1 and 2. Appendix A reveals some of the concepts 
involved in Exam 1 and 2 that were repeated in 
Exam 3. Figure 1 shows that Exam 3 questions 

E3P1, E3P2, E3P3, and E3P4 have code lines with 
high concept counts. The question E3P5, which 
carried the most points and concept count, 
required students to write a menu-driven 
application that repeated several if-else 
statements to direct the program based on user 
choices during execution time. Repeating the if-

else statements added code lines that used the 
same concepts, and therefore, the concept count 

did not increase as much as the code lines did. 
The table in Appendix B describes problem E3P5. 
 
The Pearson correlation results indicated a 

significant positive relationship between the lines 
of code per exam problem and the number of 
concepts (r = .592, p = .005). Therefore, for this 
study, the number of correct lines of code written 
by students could be used to gauge their latent 
conceptual knowledge. It is important to 
ascertain this positive correlation if the correct 

number of lines of code is to be used to measure 
student performance in the exams. 

 
Student Performance 

Student submissions were scored based on the 
percentage of the expected lines of code that 
were correct for each question. Tables 4, 5, and 
6 show the average values of correctly written 

lines of code (or statements) for each question 
from the three exams. The tables also show the 
average percentage score per problem and the 
number of concepts in each question. The 
Pearson correlation results indicated a significant 
positive relationship between the percentage of 

correct lines of code for each solution and the 

number of concepts used to solve the problem (r 
= .67, p < .001).  
 

Problem 
Avg 
Score 

# 
Concepts 

Avg 
Correct 
lines of 
code 

E1P1 71.41% 9 0.714 

E1P2 85.71 % 10 0.857 

E1P3 52.38 % 9 0.524 

E1P4 68.57 % 12 2.744 

E1P5 96.03 % 11 5.76 

E1P6 75.24 % 12 7.52 

E1P7 58.57 % 10 9.376 

E1P8 90.71 % 14 13.605 

Avg 
values 75.00% 10.875 5.1375 
    

Table 4 Exam 1 Results 
 

Problem 
Avg 
Score 

# 
Concepts 

Avg 
Correct 
Lines of 
Code 

E2P1 82.86 % 11 2.487 

E2P2 76.19 % 11 6.858 

E2P3 73.33 % 12 2.199 

E2P4 75.24 % 12 12.032 

E2P5 77.14 % 12 0.771 

E2P6 91.43 % 12 0.914 

E2P7 86.67 % 12 3.468 

E2P8 88.1 % 12 2.643 

Avg 
Values 79% 11.75 3.9215 

Table 5 Exam 2 Results 
 

Problem 
Avg 
Score 

# 
Concepts 

Avg 
Correct 
Lines of 
Code 

E3P1 86.39 % 13 6.048 

E3P2 73.47 % 15 3.675 

E3P3 85.71 % 15 4.285 

E3P4 81.63 % 15 8.976 

E3P5 87.66 % 19 22.802 

Avg 
values 82% 15.4 9.1572 

Table 6 Exam 3 Results 
Tables 4, 5 and 6 indicate that problems that 
required students to apply more concepts were 
the ones that students tended to score the most. 
In addition, the tables show that the average test 

score percentage increased after every exam. If 
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the number of concepts used in a problem 

indicates its complexity, these results mean 
students are getting better at handling many 
concepts as they progress through the course.  

 
Looking at the mapping of concepts in Appendix 
A, one can observe that Exam 1 uses many 
foundational concepts that are re-applied in all 
subsequent exams. Students also revisit many of 
these concepts in the assignment problems that 
follow Exam 1. Therefore, many code lines in the 

second and third exams repeat the concepts used 
in the first exam. Appendix A also shows that 
many of the same concept cluster together in 
various exam problems. For example, almost all 
programs use variables, data types, operators, 
and expressions. Knowledge of the correct syntax 

to construct statements is fundamental to all 
problems. Introducing newer concepts, such as 
decision structures and loops, helps to reinforce 
the use of foundational concepts covered earlier 
in the course, such as Boolean expressions and 
the use of different types of operators. The use of 
basic operators and inputs and outputs methods 

reoccur in almost all the programs that involve 
decision structures and loops. Therefore, 
repeated application of these concept clusters to 
meet the problem's sub-goals and create a more 
extensive program plan allows students to write 
correct code involving these concepts in 
subsequent exams.  

 
A solid understanding of basic concepts and how 

they occur as a cluster to meet the program's goal 
and sub-goals allows students to incrementally 
integrate newer concepts successfully as they 
learn to write more extensive and complex 

programs.  
 

5. DISCUSSION 
 
It may appear concerning that students must 
grasp as many as 11 concepts by Exam 1, 
conducted during week 6 of the course. The Table 

in Appendices A and B shows that even writing a 
simple statement to solve a Boolean or Arithmetic 
operation requires knowledge of a cluster 
composed of many concepts. For example, nine 

concepts in the first three questions of Exam 
1(E1P1, E1P2, and E1P3) are written using a 
single line of code that applies operator 

precedence rules. Even though there is no drastic 
increase in the number of concepts elsewhere in 
the course, students must learn to integrate 
newer concepts with what they already know to 
write programs as the course progresses.  
 

Results from Tables 4, 5, and 6 indicate that 
students could write more correct lines of code as 

the semester progressed. Therefore, reapplying 

the same concept cluster many times throughout 
the semester and the familiarity gained would 
have led to mastery and better performance later 

in the course. However, it is to be noted that 
learning to solve different application problems 
happens not just by repeated exposure to the 
application of concepts but through the dynamic 
process of reconfiguring prior concepts to 
integrate a new concept required to solve a 
problem. Therefore, instruction could be designed 

to support acquiring new conceptual knowledge 
by reconfiguring and reapplying prior knowledge 
and skills and learning to apply a newer concept.  
 
The progression of code writing exercise problems 
could play an essential role in helping students 

learn how to restructure their problem-solving 
schema and recombine prior concepts to solve 
new problems. For example, as evident from the 
assignment problem types in Appendix D, basic 
arithmetic operators, covered early in the 
semester, could be applied to develop various 
types of calculators. However, in the later 

module, problems that incorporate checkers into 
calculators will require students to incorporate 
Boolean operators into their pre-existing 
arithmetic operators and expressions schema. 
Problems that students solve later in the course 
require them further incorporate basic knowledge 
of arithmetic and Boolean operators in new ways 

to implement decision structures and loops. While 
there is considerable repetition of concept 

clusters throughout the course, there is also a 
need to restructure the previously learned cluster 
of concepts in new ways to solve different types 
of problems. 

 
The problem-solving schema transferred through 
instructional code walkthrough helps students re-
configure and re-apply concept clusters to solve 
problems. The instructional code walkthrough 
could help students identify the goals and sub-
goals of the problem and then identify and 

configure a concept cluster to meet the sub-goals. 
For example, Appendix C shows the goals and 
sub-goal identification for a simple PIN 
identification problem, one of the assignment 

problems given to students. This solution pattern 
for the PIN identification problem could be 
modified to create applications that may validate 

user inputs or allow users to log in with a 
username and password. This problem and 
solution pattern could also be extended using 
loops to incorporate reattempts to check the user 
inputs.  
 

Classic works in learning theory have argued that 
learners accumulate schema, or a problem-
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solving plan, rather than build their solution from 

scratch by applying all the elementary concepts 
(Rist, 1989; Clancy & Linn, 1999). Per this model, 
errors in applying a schema to solve a problem in 

an unfamiliar context or modifying the schema to 
fit the problem requirements may reveal flaws in 
the learner's understanding of the concepts used 
to compose the solution. The application of 
schema theory to computing pedagogy has taken 
a renewed interest, as indicated by the data-
mining efforts to study common error patterns 

encountered by students during their learning 
process (Zehetmeir et al., 2016). 
 
Repeated schema application or its modification 
to the problems' contexts allowed students to re-
apply a cluster of concepts and assemble their 

solutions multiple times throughout the course. 
For example, based on the instructor's report, 
decision structure problems E1P5, E1P6, and 
E1P8 were analogous to problems in previously 
graded assignments. However, problems E1P1, 
E1P2, and E1P3 were single-line problems that 
did not directly resemble any assignment 

problems or were applied as part of a larger 
program plan. Even though students would have 
used smaller Boolean expressions to build 
decision structures, problems E1P1, E1P2, and 
E1P3 needed students to reason about the 
solution by considering every concept in the 
statement. Problem E1P7 was another problem 

that required a considerable modification of the 
assignment schema. Similar results were 

observed in Exam 2, where students scored the 
most if they could successfully identify similar 
problems from instructional code walkthroughs 
and assignments and transfer the schema to 

solve the exam problem.  
 
Students scored the most in Exam 3 because the 
code inside the bodies of the methods repeated 
and reconfigured several code schemas 
previously covered in the assignments and 
exams. For example, the problems in the final 

exam required students to apply loop or decision 
structures in the body of the methods. Students 
could successfully write the body of the methods 
in Exam 3 if they learned how to integrate the 

method concepts with the problem-solving 
schemas used to solve loops or decision structure 
problems earlier in the course. A solid application 

of schemas within the body of a method allowed 
them to score partial points for a problem, even 
if they made mistakes directly related to the 
concept of a method, such as writing the method 
header or providing a correct return statement. 
 

6. CONCLUSIONS 

 
The result of this study indicates that 
programming is a cumulative skill and that as the 

semester progresses, students learn to write 
conceptually complex lines of code by 
accumulating and integrating many concepts into 
their solutions. The course starts with a high 
initial number of concepts and progresses with a 
relatively gradual increase of newer concepts that 
must be integrated with previously learned 

concepts. Integrating newer concepts to solve 
application problems also provides means to 
reconfigure code patterns and master the base 
concept clusters applied earlier in the course. 
Instructional code walks through, and practice 
assignments support the acquisition of 

programming skills by repeatedly integrating 
newer concepts into a cluster of concepts that 
appear in past assignments and exams.  
 
This study confirms a positive correlation between 
the error-free lines of code produced for a 
solution and the number of concepts that 

students need to integrate to produce a solution. 
An explanation of why students can write correct 
lines of code despite increasing the conceptual 
complexity of the solutions is that they can learn 
the problem-solving schema and apply code 
patterns involving concept clusters. Students and 
instructors cope with an extensive concept count 

by clustering the concepts into code patterns 
corresponding to a problem schema. This study's 

finding has implications for designing 
instructional activities to help students recognize 
the instructor's problem-solving schema that 
deals with clusters of concepts that could be re-

configured to meet a goal. Students may then 
remember each concept in isolation due to its 
meaningful association with other concepts in a 
solution's code pattern.  
 
This study primarily focused on the ability of 
students to solve exam problems like those used 

during the instructional process. Future studies 
could investigate the complexity of exam 
problems by characterizing the concept clusters 
that appear in various problem-solving schemas. 

In addition, studies could be conducted to learn 
how students transfer problem-solving schema to 
unfamiliar problems. Finally, the difficulty of 

exam problems could be assessed based on not 
just the concept count but also conditioned on 
prior exposure to similar problems. 
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Appendix A 

Exam problem Concepts 

 

  Exam 1 Exam 2 Exam 3 

Concepts  
P
1 

P
2 

P
3 

P
4 

P
5 

P
6 

P
7 

P
8 

P
1 

P
2 

P
3 

P
4 

P
5 

P
6 

P
7 

P
8 

P
1 

P
2 

P
3 

P
4 

P
5 

Method Structure                                 x x x x x 

Method 
Parameter                                 x x x x x 

Method Return                                 x x x x x 

Method Call                                          x 

Syntax x x x x x x x x x x x x x x x x x x x x x 

Data Types x x x x x x x x x x x x x x x x x x x x x 

Variables x x x x x x x x x x x x x x x x x x x x x 

Literals x x x x x x x x x x x x x x x x x x x x x 

Boolean 
Operators x x x x x x   x x x x x x x x x x x x x x 

Arithmetic 
Operators   x     x x   x x x x   x x x x x       x 

Assignment 
Operator x x x x x x x x x x x x x x x x x x x x x 

Operator 
Precedence x x x x   x   x                         x 

Expression x x x x x x x x x x x x x x x x x x x x x 

Statements x x x x x x x x x x x x x x x x x x x x x 

Conditionals       x x x x x     x     x       x x x x 

Decision 
Structures         x x x x                     x x x 

Loops                 x x x x x x x x           

Nested Loops                               x X x       

String methods       x               x           x       

Variable Scope                         x x x     x x x x 

Print Methods             x x x   x x x   x x     x   x 

Input(Scanner) 
Methods       x       x   x   x           x   x x 

Concepts used in each exam problem for the three exams. The grey cells indicate the main 
course concept/topic that is evaluated in the problems. Cell that are marked with an ‘x’ 
indicate the concept that is used in the lines of code of a correct solution. 
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Appendix B 

Some of the Exam Problems from Exam 1, 2 and 3 

 
Exam 

Problem 

 Problem/ Question 

E1P1 What will be the value of boolean var1, which is given as :   var1 = (((a*b)<=5)&&(b<1));   if you substitute a = 2 and b = 1 ? 

E1P3 What will be the value of boolean var1, which is given as :  var1 = (a.equals("Apple"));  if you substitute a = "apple"   

E1P5 Given two input variables : double length and double width. Given one output variable : double perimeter. 

Assume that values of length and width are already obtained. Write if statement ( just the if statement(s) with the action 

performed , not the entire program ) for the following conditions:  
Check if the dimensions are big as follows: If length is greater than 20.0 or width is greater than 20.0, give an output to 

tell the user that the dimensions are too big. 

Check if the dimensions are small as follows: if the length is less than 5.0 or width is less than 5.0, give an output to tell the 

user that the dimensions are too small. 

If the dimensions are neither too big or too small, based on the above two checks - tell the user that the dimensions are 

within the proper range of values . Then, calculate the area = length * width and print the value of that perimeter. 

E1P8 Write a program that obtains from the user the age of a child in months. The program will determine the required next 

vaccinations based on the given age. Write a complete program that will look at the given age in months and determine the next 
vaccination required. You may skip commenting your code for this exam to save time. You program should compile and be 

logically and syntactically correct. 

  

E2P2 In this problem you will write a  loop in which you ask users to enter the price of an item and add that price to the total price. In 

your loop, you will ask the user to enter a 1 to “Scan” and a 2 to “quit”. Loop until the user types 2 - to quit. 

For as many times, as the user enters a 1- to "Scan an item' : ask the user for the price of the items , and add this price to a 
variable called totalPrice. 

The variables price and totalPrice are both doubles .Assume that the Scanner object is already declared and named as input.  

Declare any extra variables that you have used in your loop - other than price, totalPrice or input. 

E2P6 The for loop shown below loops several times and produces a final value of i that is used to calculate the value of j. However, 
there is an error : int j  = i % 5 ;  //This statement shows an error : "cannot find symbol i" 

Errored code:  

for(int i = 1; i<100; i=i*5){ 

System.out.println ( i ); 

} 

Rewrite the code above so that it fixes the error given in the error  statement 

E3P3 Define/Write a method called codeThePlayer that takes two argument – an integer called playerID and a String called 

playerName . This method has a void return. If the playerID value is equal to 100, the method prints out the following : "Admin 

ID ". Else, if the playerID is not a 1, the method prints out the playerName, followed by the statement:  "Not Admin". 

E3P5 Menu driven program 
Write a program called pointsCalculator that calculates the total points earned by using a credit card for travel and hotel stays. 

The program provides the user with the following menu : 

“ Enter 1 to select mileage points” 
“Enter 2 to select a hotel points” 

“Enter 99 to quit” 
If the user enters a 1 , ask the user to enter the mileage ( which will be a double type). Scan the mileage and call a method called 

calculateMileage that takes in as mileage as a parameter. This method returns a double value to be stored in a variable called 

mileagePoints. Print out the value of mileagePoints.  
If the user enters a 2, ask the user to enter the number of hotel stays( which will be an integer type). Scan the hotel stays and pass 

this variable as a parameter to the method calculateHotelPrice . This method returns a double variable called hotelPoints. Print 

out the values of hotelPoints.  
 Assume the methods are already defined - you just need to call them in the code. You also don't need to implement a while loop. 
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Appendix C 

Problem-Solving Steps/Schema Breakdown Used for Instructional Code Walk Through    
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
  

For a given 
problem: 

Identify goal 
and sub-goals. 

For each given 
sub-goal: 

Identify concept 
clusters. 

For a given concept 
cluster: Write program 

expression/statements. 

Create a program 
segment: By 
Combining 

statements. 

Develop a solution: 
By combining 

program segments. 

Test the solution: 
if it meets all the 

sub-goals. 
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APPENDIX D  

Assignment Problems Categorized by Problem Types and Concept Clusters 
 

 
 

Calculators - Data types, Arithmetic Expressions, Input/Output, Strings

Shipping Cost

Taco Price

TypeCasting Inputs

Flooring Cost

HealthData 

Make Change

Checkers: Data types, Boolean expressions, Input/Output, Strings, IF/ELSE

Find Special Values : filtering out special values from a series of input data

Range Checker - identifying the range of a given input value

Age Checker - identifying the age group that a person falls under

PIN validation - validating user PIN value ( without retries)

Checkers +Calculators: Data types, Boolean/Arithmetic Expressions, Input/Output, 

IF/ELSE ( mutliple ifs, else if)

Score Difference - figuring out game winners based on score differences

Age Checker - Binning for creating Histograms

Age & ZipCode checker - Demographic categorization problem

Year To Century Converter 

Ticket Price Based on age /product type / discount code

Electrice Power Consumption Calculator for multiple home appliance types.

Decisions&Policies:  Boolean/ Arithmetic Expressions, Input/Output, nested IF/ELSE, Strings

Rock Paper Scissor Game

Labor Charge Calulator for Lawn Service 

Counters:  Data types Boolean/Arithmetic Expression, Input/Outputs, Strings, Loops (while and for)

Shopping Data Input till user wants to quit using sentinel value

PIN Validation with retries

Interest Calculator

DivideByTwo series generator

ABCounter ForLoop Implementation

ABCounter WhileLoop Implementation

FutureTuition Calculator with inflation rates

InsectGrowth - series generator with varying parameters

Loops with Decisions - Data types,Boolean and Arithmetic expression, Input/Output, Strings,  IF/ELSE , 

Loops
Validating Inputs - with infinite retries.

Menu Driven Application with multiple rounds of entry

Password, Username validation with re-tries and lockout

Methods -  Return types, parameters, Data types,Boolean, Arithmetic expressions,

 Input/Output, Strings,  IF/ELSE, Loops, 

Print Shapes : Methods to print different shapes without parameters

Customaisable Face Printer with parameters - Methods to print different types of faces, with parameters

Dinner Price Calculator1 - Methods for user input, entrée price, discount calculator

eBayFee: Methods for identifying user types, fee calculation, output

Length Convertors : Methods for multiple types of conversions

Ticketing Application 1: Methods for user input, calculation

Ticketing Application 2 - Methods for user input, decision making, calculation

Dinner Price Calculator2 - Menu driven app, methods for user input, entrée price , drink price, receipt 

TaxApplication - Methods for: user inputs, output display, calculator and category checkers

M
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Abstract  

 
Schools have implemented the high-impact practice of first-year experience (FYE) courses to assist 

students with the transition to college. These courses help connect new students to the school with the 
goal of improving retention. While students in computing majors face the same challenges as other new 
college students, they also face some challenges specific to computing fields. Additionally, computing 
fields face ongoing concerns about enrollment and diversity. This work discusses the implementation of 
an information technology (IT) specific FYE course combining content from a university-wide FYE course 
with content focused on helping students gain a better understanding of the IT curriculum and IT career 
paths.  

 
Keywords: First-year experience, student success, pedagogy. 
 
 

1. INTRODUCTION 
 
The transition to college, whether it be from high 

school, military service, or work, is a challenging 
time for students. Successful transition into 
college requires students to build connections to 
the college, their chosen major, and their peers. 
Students also need to develop a clear goal for why 
they are attending college to motivate the effort 

required to succeed in college. The first-year 
experience (FYE) course has been identified as a 
high-impact learning practice that can support 
the transition to college (Kuh, 2008). 
 
While a successful transition to college is essential 
for all students, several factors can make this 

more challenging for computing students. High 
school students will have taken several years of 
science, math, social studies, and English but 
have had fewer or possibly no opportunities to 
take computing courses. This may make students 
hesitate to choose a computing major or give 
them a limited view of what computing involves. 

This limited exposure to computing and the 
rapidly changing nature of technology can make 
it hard for students to develop a clear career goal. 

The fortunate coincidence of the introduction of a 
new university-wide first-year experience (FYE) 
course at the university at the same time as a 

redesign of the introductory Information 
Technology (IT) course sequence in the Computer 
and Information Technology (CIT) department 
provided an opportunity to consider how to 
combine these efforts into a focused approach to 
helping students successfully transition into 

college and the CIT program.  
 

2. BACKGROUND 
 
There is extensive research on first-year 
experience courses in general and efforts to 
improve the enrollment and retention of 

computing students through focused efforts in 
first-year courses.  
 
First-Year Experience Courses 
Courses designed to help address the challenges 
new students face when entering college have a 
long history (Ryan & Glenn, 2004) and many 

names. These courses are part of a larger effort 
designed to transition students to a successful 
college career. Other parts of this effort include 
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new student orientation programs, academic 

advising, and all of a university's student 
engagement and support services.  
 

There are three main formats used for FYE 
courses (Ryan & Glenn, 2004). The extended-
orientation model (also referred to as academic 
socialization) focuses on integrating the students 
into the university community. This format 
focuses on the history of the college, available 
services, and engaging with other students. This 

model is traced to an effort introduced at the 
University of South Carolina in 1972 as part of a 
response to campus riots in 1970 (History, n.d.).  
 
A variation on the socialization approach is a 
course organized around an academic theme. 

This format was supported by the Boyer Report 
(Kenny & Boyer, 1998), which suggested that the 
“first year of a university experience needs to 
provide new stimulation for intellectual growth” 
(p. 19).  
 
A final FYE course format focuses on preparing 

students for success by teaching study skills and 
learning strategies. In addition to the value of 
these skills, teaching these skills also offers an 
opportunity to promote metacognition (Hattie, 
Biggs, & Purdie, 1996).  
 
In reality, the FYE program at any school will be 

a unique mix of the different approaches. FYE 
programs at different schools will have different 

goals based on the demographics and needs of 
the school’s student population, the credit hours 
allocated to the course, and many other factors. 
For example, open enrollment institutions and 

institutions with a larger population of students 
returning to education may focus more on study 
skills and learning strategies (Mayo, 2013). 
 
Several authors have looked at the impact of FYE 
programs, including the impact on retention, 
academic performance, and graduation rates. The 

impact on retention is particularly relevant since 
30% of dropouts occur in the first year (Hanson, 
2021). Research finds positive impacts on 
retention, student performance, and other factors 

(Lang, 2007; Erickson & Stone, 2012; Bers & 
Younger, 2014; Howard & Jones, 2000). Ryan 
and Glenn (2004) report on a comparison of the 

academic socialization and learning strategy 
formats and find that the learning strategy format 
had a positive impact on retention while the 
academic socialization format had no impact on 
retention. 
 

Discipline-Specific FYE Courses  
In addition to the extensive discussion of 

university-level FYE programs, there is also 

research on discipline-specific FYE efforts. 
Computing disciplines face specific challenges in 
retaining students and promoting diversity that 

could be addressed in an FYE course. 
 
While recent enrollment in computing fields 
shows continued growth, future trends are 
unclear (National Academies, 2018). In addition, 
while computing enrollments have grown, the 
field remains “one of the least diverse disciplines 

in terms of the representation of women and 
underrepresented minorities, both in higher 
education and in the workforce.” (National 
Academies, 2018, p 4). A recent ACM work on 
retention reinforces this with the observation that 
“the demographics of the students involved in 

computing remain stubbornly consistent” 
(Stephenson et al., 2018, p i). This work provides 
a lengthy set of recommendations, including 
overcoming misconceptions about computing 
fields and researching new interventions. 
 
Several studies of computing-specific FYE efforts 

have found positive impacts on retention (Ott, 
2014; Mathis, 2008; Reese et al., 2013; 
Albarakati, DiPippo, & Fay-Wolfe, 2021) through 
a variety of approaches. Many of these efforts 
combined computing content with practices 
suggested for general FYE courses. For example, 
Albarakati et al. (2021) added course activities 

designed to help students develop a sense of 
belonging and promote social engagement. 

DeClue et al. (2011) report on similar activities, 
including service projects to promote a sense of 
community.  
 

To address diversity concerns, it is helpful to look 
at why students choose computing majors in the 
first place. Compared to other majors, computing 
fields face many challenges in attracting 
students. While most high school students will 
take multiple courses in math, science, history, 
and other long-established fields, the percentage 

of high school students taking computing courses 
is in the single digits in many states (Guzdial, 
2019). 
 

Another issue is limited awareness of what 
computing professionals actually do. When Carter 
(2006) surveyed high school students, the top 

reason for not choosing a computing major was 
not wanting to sit in front of a computer all day. 
The top reason for selecting a computer major 
was also illustrative. For men, the top reason was 
an interest in computer games, while for women, 
it was “their desire to use it in another field” 

(Carter, 2006, p. 29). Related to this is the issue 
of understanding the different computing fields. 
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Connolly et al. (2016) examine this topic and 

provide suggestions about advising students in 
selecting the computing field that best matches 
their interests.   

 
There have been several efforts to help first-year 
computing students better understand the wide 
range of computing careers and improve 
retention. In one approach, an “Explorations in 
Computing” course was revised to combine 
faculty and industry presentations on different 

facets of computing, one-on-one student-alumni 
interaction, and the development of professional 
skills such as resume writing (Ott, 2014). After 
the revision, the authors found that students 
were more engaged in the class, with more 
students completing assignments, higher grades, 

and fewer students dropping the course. They 
also found more engagement with a mid-
semester career fair. 
 
In another effort, a computing fundamentals 
course was revised to address the characteristics 
of current Gen Z students (Robertson, 2011). The 

breadth of course topics was reduced to allow 
time to provide more context to connect the 
remaining topics to real-world examples, and a 
lecture-based class format was replaced with a 
discussion-based format. In addition, career 
discussions were added, and a discussion of 
related careers was part of each topic module. 

These changes resulted in more engaged 
students, improved attendance, better grades, 

and increased retention. 
 
Another interesting approach combines the FYE 
approach based on study skills and learning 

strategies with technical content as part of a plan 
to promote the development of non-technical 
skills to support the achievement of technical 
learning outcomes (Humpherys, Babb, & 
Abdullat, 2015). Initial efforts in a first-year 
programming course have led to a 10 % increase 
in student persistence.  

 
3. COURSE DESIGN 

 
Design Considerations 

Prior to the redesign discussed in this work, the 
introductory IT course sequence consisted of two 
three-credit courses designed to be taken during 

a student’s first year in the program. Both courses 
covered various technical topics designed to 
provide a general introduction to IT and 
foundational material for later courses in the 
curriculum. Over time, the two courses had 
evolved as individual instructors added or 

changed content, leading to overlaps and gaps 
due to the failure to coordinate the changes to the 

two courses. In addition to supporting associate’s 

and bachelor’s degrees in IT and a bachelor’s 
degree in Health Information Technology (HIT), 
these courses were also part of an IT minor and 

an IT concentration that students from other 
majors could complete to satisfy part of the 
university’s general education requirement. 
 
Discussions about redesigning the courses had 
started before the university-wide FYE course 
requirement was adopted. The primary 

considerations for redesigning the courses were 
to update the content to remove older 
technologies and add newer technologies such as 
cloud computing, while improving the alignment 
with later courses in the curriculum. There was 
also interest in adding content to help students 

learn more about IT majors and careers early in 
their academic careers to allow students to 
consider a change of major before investing a lot 
of time and effort in a major that doesn’t match 
their interests. A final motivation was to work on 
developing non-technical skills to address the 
concerns identified by Carter (2006) and 

Humpherys (2015) early in the curriculum. 
Additional considerations included reducing the 
two courses into a single course to accommodate 
a state-mandated reduction in the total credits for 
a bachelor’s degree and simplifying the 
processing of credits for transfer students 
entering the program. 

 
When the university announced that all incoming 

students would be required to take a 1-credit UNV 
101 course, the CIT department saw an 
opportunity to expand this to include computing-
specific content, including exploration of 

computing careers and academic advising specific 
to the CIT program requirements. In addition, the 
department felt that a computing-specific FYE 
course would allow the introduction of IT-specific 
content for the study skills content. For example, 
introducing Agile practices and tools for time 
management. Also, the one-credit UNV 101 

course plan included having faculty from all 
departments teach sections of the course. Since 
most courses in the CIT department are three-
credit courses, this would have complicated 

assembling a full 12-credit teaching load for 
faculty.  
 

The solution developed included a two-credit 
computing-specific version of the UNV 101 course 
and a four-credit course that would introduce 
students to various technical topics. Ideally, the 
same faculty member would teach both courses 
to simplify faculty scheduling and provide 

students with a connection between the two 
courses. The two courses also form the basis for 
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a campus-level “course-in-common” effort based 

on research suggesting that learning communities 
can increase student motivation and retention 
(Cabo & Satyanarayana, 2018; Saulnier, Brooks, 

Ceccucci, & White, 2007). 
 
An additional goal of the introductory course 
sequence was to ensure that students were in the 
correct major. The university asks incoming 
students to declare a major during new-student 
orientation, and experience has shown that these 

are not well-informed decisions in some cases. As 
discussed earlier, students may not have a good 
understanding of computing careers (Carter, 
2006), or the choice of major may be made by a 
parent. The department felt that advising 
students to take the two courses simultaneously 

would allow them to gain experience with their 
major early in their college experience. Academic 
advising content in the FYE course could help 
students with concerns explore other majors. 
While this might lead to students leaving the IT 
major, it was expected that this early focus on 
ensuring students were in the right major would 

help retain the student at the university and limit 
potential delays in their path to graduation. 
 
All students working towards an associate’s or 
bachelor’s degree in IT are required to take both 
courses. Given the content of the computing-
specific FYE course, the department initially chose 

to avoid offering the course in an online format. 
The CIT department’s Health Information 

Technology (HIT) program is only offered in a 
fully online format, so these students are not 
required to take the IT-specific FYE course. 
However, HIT students are made aware of the 

FYE course, and HIT students from the local area 
often enroll in the course.  
 
Course Details 
The IT-specific FYE course is titled “IT People and 
Practices.” This course builds on the university-
wide UNV 101 FYE course’s goal of connecting 

new students to the university with the additional 
goals of connecting students to their chosen 
major and connecting students to their future 
careers.  

 
The learning outcomes for the IT-specific FYE 
course can be found in Appendix A. These build 

on the university-level course by adding 
outcomes designed to help students learn about 
IT careers and the knowledge and skills needed 
to be a successful IT professional. 
 
The design of the IT-specific FYE course is based 

on the design of the university-wide UNV 101 with 
two main changes, the addition of IT-specific 

content and modifications to reflect a different 

student population. The CIT department is 
located on the university’s regional campuses, 
not the main campus. The main campus is a 

selective admission, residential campus, while the 
regional campuses are open-enrollment, 
commuter campuses. These differences mean 
that regional campus students are more likely to 
be first-generation college students, include more 
non-traditional age students, are commuter 
students, and often mix work and school.  

 
The four-credit technical introduction course titled 
“IT Tools and Techniques” is broken into four 
three-week-long content modules and a short 
introductory module. The four major topic areas 
covered include: 

• Hardware infrastructure, operating 
systems, and cloud computing. 

• Web programming – HTML, CSS, and 
JavaScript. 

• Networking 
• Data and Databases 

These four topics were selected to provide a 

broad overview of fundamental IT topics and for 
their support for later courses in the IT 
curriculum. The introductory module provided an 
introduction to the course. The introductory 
module also covered foundational topics used in 
the other modules, including binary, data 
representations, and digital logic.  

 
Following suggestions from the literature 

(Roberson, 2011), each of the four major topic 
areas included context to help students 
understand how the topic was present in their 
daily, technology-enabled life and concluded with 

a discussion of IT careers that would use the skills 
students learned in the module. 
 

4. COURSE IMPLEMENTATION 
 
Course Content 
The starting point for content in the IT-specific 

FYE course is the content from the university-
wide UNV 101 course. The UNV 101 course uses 
a mix of the extended orientation and study skills 
approaches discussed previously. The content 

contains material to help students transition from 
high school to college, along with content to build 
skills for success at the college level.  

 
The content to support the transition from high 
school to college includes a discussion of the 
differences and an activity to develop a personal 
vision for what they hope to achieve by attending 
college. This content contains introductions to 

campus support services, including the tutoring 
center, library services, and student 
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organizations. Given the student population of 

the regional campuses, this content is expanded 
to consider students who are not coming directly 
from high school. 

 
The content to build college success skills covers 
many areas, including time management, 
developing a growth mindset, critical thinking, 
financial literacy, and personal care – both 
physical and mental. For the regional campus 
student population, suggestions from student 

affairs staff have led to expanded content on 
financial literacy and personal care. In the IT-
specific FYE course, this area provides an 
opportunity to introduce skills seen in the IT 
environment. For example, the discussion of time 
management offers the opportunity to introduce 

several Agile practices.  
 
The IT-specific FYE course extends the UNV 101 
course into a two-credit course that is typically 
offered in a hybrid format with one fifty (50) 
minute class meeting per week, along with 
additional online reading and video content. 

During the COVID pandemic, the course was 
taught in an online synchronous format, and 
currently, the course is offered in both formats. 
Typically, there is demand for two or three 
sections of the course, with fifteen (15) to 
twenty-five (25) students in a section. 
 

The IT-specific FYE course adds content in two 
additional and related areas. Appendix B contains 

a table showing the content and assignments 
from a recent section of the course. Content on 
computing professions helps students develop 
initial career plans, and content on the CIT 

curriculum helps students match their career 
plans to select the appropriate path through the 
department’s curriculum. This content is 
introduced on the first day of class with a 
discussion of “What is IT?” and “What do IT 
professionals do?” Throughout the semester, 
several recent graduates return to speak on their 

current jobs, tips for success in college and the IT 
program, how they found their first IT job, and 
other topics. Students also research current 
Bureau of Labor Statistics (BLS) data (Bureau of 

Labor Statistics, n.d.) and explore local job 
postings to learn more about the wide range of 
career opportunities in IT. The concept of 

professional networking is also introduced, and 
students set up a LinkedIn profile and make 
connections with fellow students, department 
faculty, and guest speakers in the course. 
 
To help students connect with the CIT program 

curriculum, an entire class period is spent 
reviewing the available CIT degrees and 

discussing the detailed requirements for each 

degree. University-level graduation requirements 
are also discussed. Students use a degree-
specific template to start developing a graduation 

plan during this class. The department’s chief 
advisor joins this class session to help students 
understand the degree requirements and work 
with students who have existing credits from 
previous college courses or military credits to 
ensure that these credits are correctly applied. 
This class session is timed to coincide with the 

beginning of the registration cycle for the 
following semester. Students build on this session 
by completing an assignment where they meet 
with their assigned departmental advisor to plan 
their courses for the next semester. 
 

Course Pedagogy 
In the IT-specific FYE course, course content is 
organized into weekly modules. Each week, 
students were provided an online agenda that 
outlined the topics for the upcoming week, any 
activities students needed to complete before 
class, resources related to the week’s content, 

and all assignments that students needed to 
complete before the next class. To promote 
student reflection and develop time management 
skills, students must complete a weekly reflection 
assignment. Each week students write at least 
two paragraphs. First, students discuss the 
current week – what they learned in class, what 

went well for them, what didn’t go as well, etc. In 
the second paragraph, students discuss what 

they hoped to learn in the following week and 
what they needed to be working on. The weekly 
agenda page was designed to be an easy source 
of information to support both aspects of the 

weekly reflection assignment. 
 
Promoting exploration and reflection are key 
pedagogical practices throughout the course. 
Most course assignments ask students to explore 
a new concept that has been introduced in class 
and then reflect on how they can make use of the 

concept in the future. For example, after a class 
discussion about time management where 
students engage in the Agile-based personal 
Kanban process and discuss the Eisenhower 

decision matrix, they complete an assignment 
where the students identify ten tasks they need 
to complete in the next week and use a time 

management practice to organize the tasks. At 
the end of the week, students submit a document 
listing the ten tasks, a discussion of the tool they 
used, a reflection on how well the tool worked, 
and a discussion of their plans for improving their 
time management practices. 

 
Another pedagogical practice used in the class 
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was offering students choices to make the course 

more learner-centered (Becker 2006). This was 
done by setting up three “you choose” groups of 
assignments on student success, career planning, 

and information literacy. The assignments offered 
ways for students to learn about different campus 
services. For example, setting up a meeting with 
a peer tutor, having their resume reviewed by the 
career services office, or learning about library 
resources through a virtual escape room activity. 
Each group contained six or seven assignments 

with different values depending on the expected 
difficulty. Students could choose which 
assignments they completed, with a maximum 
point value that could be earned in each group. 
Depending on which assignments the student 
chose, a student needed to complete three to five 

of the assignments to earn the maximum possible 
points. 
 

5. DISCUSSION 
 

The IT-specific FYE course has now been taught 
every semester for five years. Most students in 

the fall semester offering are newly enrolled 
students. The spring semester has a mix of newly 
enrolled students, transfer students, and 
students who did not follow the advice to take the 
course in the fall semester. Discussions with 
upper-level and graduating students show that 
they saw a clear value from this course and also 

provided ideas for improving the course. 
 

Efforts are underway to explore how the IT-
specific FYE course has affected retention. The 
ongoing COVID-19 pandemic is affecting 
retention, so it is a challenge to measure the 

impact of the IT-specific FYE course. Additionally, 
since one goal of the course is to ensure that 
students are in the correct major, rather than 
retaining them in a CIT major, this will require 
access to a broader set of data. While analysis of 
this data is ongoing, it is possible to consider how 
students have done in the course and evaluate 

the course content. 
 
Students 
Looking at student engagement and success in 

the IT-specific FYE course, students fall into 
several groups. The largest group contains 
students who fully engage in the content and 

consider how to use what they learn to plan their 
future studies and career. Some students in this 
group were on this path at the start of the class 
due to good preparation in high school or 
knowledge shared by family members. Others in 
this group entered the class unsure of whether 

they belonged in college or were concerned about 
whether they could succeed in college. It is 

rewarding to see these students engage with the 

FYE class and build their confidence in their ability 
to succeed in college and their future IT career.  
 

Another group of successful students is those who 
determine that an IT major is not for them. These 
students are successful with the non-IT content 
in the course but can struggle with the 
discussions about IT careers and the IT 
curriculum. Efforts are made to connect these 
students with campus resources that can help 

them explore other majors. Where possible, they 
are allowed to modify IT-specific assignments to 
fit their new major and career interests. 
 
The less successful students fall into one of two 
groups. The first contains students who are 

partially or fully engaged in the class meetings 
but struggle to complete course assignments. 
These are students who are struggling to adapt to 
college. These students may struggle with the 
lack of structure in college classes compared to 
high school classes, poor time management, lack 
of study skills, lack of motivation, or issues 

including financial strain, mental health, and 
family issues. As soon as instructors notice 
students are struggling, the university’s Academic 
Early Alert system is used to engage student 
support services to work with the students. In 
some cases, the additional support allows a 
student to complete the course successfully. 

Unfortunately, other students are less successful 
in dealing with their challenges during the short 

duration of the course. While students in this 
group may not successfully complete the course, 
they learn about the personal challenges they 
face and make valuable connections to campus 

support services.  
 
The other group of less successful students 
contains students who choose not to engage in 
the class. Generally, these students don’t see the 
value of the course. They think they already know 
how to be successful in class, dismiss the content 

since it is not what they consider a “real IT” class, 
or feel that courses not directly connected to their 
(often vague or impractical) career plans are a 
waste of time. Instructors make an effort to find 

a way to engage these students, and some 
choose to engage, but some continue in the class 
with limited engagement. 

 
A final group of students should be mentioned. 
These are IT majors in their second and later 
years. When students cannot take the class in 
their first semester, advisors will find an 
alternative, but some students self-advise and 

take the course since it is listed as a requirement 
in the university bulletin. Some of these students 
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are fully engaged and are great additions to the 

class, while others are minimally involved. 
 
Content 

Student feedback from an end-of-semester 
reflection assignment and discussions with 
individual students shows that students are 
engaged with all of the course content, but some 
content areas clearly work better than others. 
 
The guest speakers are always the most popular 

aspect of the course. Instructors seek to schedule 
a diverse set of speakers, ideally allowing every 
student to find a speaker they relate to. Students 
find encouragement in seeing that the guest 
speakers also had concerns about succeeding in 
college and are receptive to the speakers’ 

suggestions about study skills, the value of group 
work, how to find an internship, and many other 
topics.  
 
Students also find value in the discussions of time 
management and personal wellness, and the 
students’ weekly reflections regularly mention 

how they are using content from these areas. The 
content on financial literacy also gets a lot of 
positive comments. Students complete a basic 
budgeting activity and regularly mention being 
surprised at how much money they spend and set 
goals to increase their savings or reduce spending 
in specific areas. 

 
Two areas of the course have mixed results. 

Students are very engaged in the content, but the 
submitted work needs improvement. One area is 
the discussion of jobs. In searching for job 
postings, they have trouble identifying jobs that 

match their interests or are entry-level positions. 
Part of the challenge here is that many job 
postings are hard to decipher. The other area with 
mixed results is an end-of-semester assignment 
where students record a 30-second elevator 
pitch. Students are enthusiastic about the 
activity, but their videos suffer from a lack of 

professionalism. 
 
A couple of aspects of the class need 
improvement. One is the discussion about the CIT 

curriculum and the assignment to develop an 
initial graduation plan. This topic has several 
external problems, including a complex process 

and poor tools to support planning. It is also a 
challenge to get students to take ownership of 
this process since many high school students 
have limited choices for courses and may be used 
to others making decisions for them. Improving 
this aspect of the course is an ongoing effort. 

 
Another challenge is some of the content from the 

university-level UNV 101 course. Staffing 

changes have led to gaps in communication and 
loss of knowledge about external tools used to 
support topics like diversity, equity, and inclusion 

that are not discovered until students report 
problems.  

 
6. CONCLUSIONS 

 
The IT-specific FYE course has been a positive 
addition to the CIT curriculum. Helping students 

identify their career goals and understand the 
department curriculum is an ongoing effort, but 
having a dedicated effort to address these during 
a student’s first semester in college builds a good 
foundation that later courses in the curriculum 
can build on.  

 
Additionally, identifying students who are in the 
wrong major allows these students to find the 
right major and reduces the number of students 
who struggle in later CIT courses due to a lack of 
motivation or feeling disconnected from the 
course content. A similar benefit is seen from 

efforts to help students identify problems outside 
of the classroom that will limit their ability to 
succeed in college. By connecting them with the 
appropriate support resources, they will hopefully 
resume their college efforts when they are better 
positioned for success. 
 

Finally, the IT-specific FYE course allows the 
department to set the expectation that IT is about 

more than technical skills. Prompting students to 
build their study skills, time management 
practices, reflective practices, and other skills 
promotes lifelong learning and allows later 

courses in the curriculum to build on these skills. 
 
This course will continue to develop and evolve, 
with current efforts focusing on improving the 
main content around graduation planning and 
adapting to the changing needs of incoming 
students. Efforts to assess the course using 

retention data will continue, and in the meantime, 
an exit survey is being considered to gather data 
on student perspectives about the course.  
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Appendix A 

Learning outcomes for IT-specific FYE course. 

 

1. Understand what a liberal arts education is and its role in their academic experience and 

success. 

2. Demonstrate active participation and engaged learning in class discussions and activities. 

3. Integrate their personal, academic, and career goals in relation to their values, interests, and 
skills. 

4. Utilize campus resources and e-tools in pursuit of academic and co-curricular goals. 

5. Demonstrate an awareness of the relationship between culture and identity within themselves 
and others. 

6. Examine how their behavior and decisions have an impact on their personal well-being and on 
their communities. 

7. Outline an intentional, integrated plan of curricular and co-curricular learning. 

8. Describe the goals and activities of IT professionals across a variety of domains and 
organizations. 

9. Describe the roles and responsibilities of various stakeholders within IT organizations. 

10. Identify technological problems and seek solutions collaboratively. 

11. Discuss various ways in which to communicate technological information to a variety of 
stakeholders. 

 

Learning outcomes 1 – 7 are from the university-level UNV 101 FYE course. Learning outcomes 8 – 11 
are additional outcomes for the IT-specific FYE course. 
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Appendix B 

List of topics and assignments from a recent section of the IT-specific FYE course. 

Week Topics Assignments 

1 Course Introduction 

The transition from HS to college 

What is IT? discussion 

Link LMS calendar to Google calendar 

Develop questions for speakers 

2 Mindset 

• College Mindset 
• Growth/Fixed Mindset 

Mindset reflection 

Personal vision for college and future 

3 Time Management 

SMART goals 

Set a SMART goal 

Try a new time management practice and reflect 
on it 

4 Critical Thinking 

Fake News 

Spotting Fake News 

5 Guest Speaker 

Professional Networking 

Reflection on guest speaker 

Create LinkedIn profile and make connections 

Danger of a Single Story (critical thinking) 

6 Personal Wellness 

Taking Care of Others 

Overview of Jobs in IT 

Personal wellness assessment  

Find an IT job posting. Post in LMS discussion and 
discuss postings from other students 

7 No class - Fall Break  

8 Guest Speaker 

Introduce graduation planning resources 

Reflection on guest speaker 

Find graduation planning resources for student’s 
specific course of student 

Online discussion about stress and technology 

9 Graduation Planning – led by chief department 
advisor 

Academic standing, probation, etc. 

Develop graduation plan and meet with assigned 
advisor 

SMART goal update 

10 Guest speaker 

Discussion of IT job descriptions 

Reflection on guest speaker 

Online courses with quizzes on financial literacy 

topics 

11 No class  

12 Agile activity  Review and online discussion of BLS data on 
computing fields 

13 Financial Literacy Complete budget spreadsheet (template 
provided). Submit reflection on budgeting 

process. 

14 No class - Thanksgiving  

15 In small groups each student is interviewed on 
their career and education goals. 

Submit recorded interviews. 

Record elevator pitch 

Final reflection on course. 

 


