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The rapid proliferation and integration of artificial intelligence (AI) capabilities within
information systems (IS) tools have significantly reshaped how individuals approach and perform
tasks. This evolution necessitates a critical examination of the emerging “black box challenge”
a phenomenon in which the internal mechanisms and complexities of Al-driven functionalities
are obscured from users, even as these tools facilitate efficient task completion. One salient
characteristic of many Al-powered tools such as pattern recognition contributes to this opacity
by abstracting away cognitive processes traditionally required for problem-solving. For instance,
Microsoft Excel's Flash Fill feature exemplifies how students can rapidly achieve accurate
outputs without necessarily engaging with underlying logic or methodological reasoning. While
such tools undoubtedly offer productivity gains, their widespread use may unintentionally
diminish opportunities for learners to develop essential cognitive competencies. Consequently,
the reliance on Al-driven automation in educational contexts raises profound pedagogical
concerns. Over time, the erosion of critical thinking, problem-solving abilities, and metacognitive
engagement may compromise not only individual intellectual growth but also the broader societal
capacity for innovation and informed decision-making. Thus, the unchecked normalization of
such technologies in learning environments may inadvertently undercut the very foundations of

lifelong learning and democratic vitality.

I. Introduction

Arttificial intelligence (AI) has transformed various
information systems (IS) with powerful capabilities that
provide significant advantages to users. From basic pattern
matching to generative natural language capabilities, Al
capabilities have been adopted in IS across various
industries. These include expert systems, machine
learning, deep learning, robotics, natural language
processing, computer vision, and speech recognition
applications that have gained considerable acceptance
among various user groups [1] Al tools have been
incorporated into productivity software tools like
Microsoft Office and popular software environments like
GitHub. Microsoft Copilot, designed as a conversational
chatbot interface, helps users accomplish various tasks
such as searching for information, generating summaries
of documents, and creating images [2]. GitHub Copilot,
designed as a code generator, allows users to engage in
software development activities more productively [3],

[4].

It is unclear if Al tools (including Al capabilities
infused into software tools) are always desirable. Al tools
may offer productivity, which could be coveted in work
settings where workers are expected to complete tasks and
quickly reach goals efficiently. However, Al tools could
prove problematic and restrictive in learning environments
where productivity may not necessarily be the focus or the
desired outcome. Specifically, Al tools may present the
"black box challenge" in that the complexity of the task

and the steps needed to complete the task may be hidden
from learners, and it may not be necessary for them to
exercise their intellectual ability or engage in critical
thinking and problem-solving activities. While these may
yield short-term gains with easy solutions and fast
completion times, the long-term effects on society could
be damaging. Learners may not experience intellectual
growth, assimilate and apply knowledge in different
contexts, or develop essential critical thinking and
problem-solving skills necessary for excellence.

This paper illustrates the black box challenge imposed
by Al tools using a data-handling activity that can be
completed in Microsoft Excel and highlights how Al tools
may challenge traditional teaching and learning notions.
The remainder of the paper is organized as follows. The
next section presents an overview of conventional
education and learmning and its general goals. The
subsequent section illustrates the black box challenge that
may be experienced in learning environments that use Al
tools. The discussion section reflects how traditional
teaching and learning may need to be reimagined for the
long term. The paper ends with a conclusion section with
a call for introspection of teaching and learning methods
and mindful use of Al tools and capabilities.

The rapid development of artificial intelligence (Al)
technology has brought about significant transformations
in the design and use of software, particularly in the
context of information systems (IS) and educational
environments. The increasing integration of Al features
into productivity software has created a new dynamic in
the learning experience, where efficiency is often achieved
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at the expense of deep cognitive engagement. In the
context of software learning, particularly in courses that
teach basic data manipulation and programming, this
phenomenon raises a challenge known as the black box
challenge. In this condition, computational processes are
hidden behind a user-friendly interface, obscuring
students’ conceptual understanding of the underlying
mechanisms behind a task. In response to this
phenomenon, this study presents an empirical exploration
using the Flash Fill feature in Microsoft Excel as a case
study to highlight how AI enables instantaneous task
achievement without engaging in algorithmic problem
solving or reasoning. The methods section outlines a
learning scenario used in teaching a business analytics
class, while the results section illustrates the differences
between traditional formula-based and Al-based
approaches. The discussion section then evaluates the
implications of using Al for the development of students’
critical thinking skills and long-term learning. It considers
pedagogical strategies that can be designed to address this
challenge constructively.

II. Discussion and Solution

A. Traditional Teaching and Learning

Several approaches to teaching and learning are
evident in modern classrooms. These include instructor-
led or instructor-centered approaches that focus on the
instructor delivering the knowledge to students and
student-centered or learner-centered approaches that focus
on guiding or facilitating students' acquisition of
knowledge [5], [6], [7]. Different perspectives, such as
experiential learning, active learning, collaborative and/or
cooperative learning, and transformative learning, have
been applied within these broader approaches [8], [9],
[10], [11], [12].

Although subtle differences between different learning
perspectives exist, a significant goal is to move away from
traditional instructor-centered approaches to student-
centered approaches that may facilitate student
engagement in learning to a greater extent [7]. While
instructor-centered approaches may rely considerably on
lectures and assignments, student-centered approaches
may use other methods such as games (e.g., crossword
puzzles, jeopardy, debates, role play), multimedia (e.g.,
audio, video), and collaboration (e.g., pair programming,
crowd polling, origami) to increase student engagement
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and learning [7], [13], [14], [15], [16], [17], [18], [19].
These student-centered methods replace in-class lectures
with creative problem-solving, critical thinking, and
collaborative activities.

Regardless of the specific approaches, the teaching and
learning activities typically focus on helping students
engage in learning, gain and assimilate knowledge, and
develop problem-solving and critical thinking skills [20].
The teaching activities may be instrumental in enabling
lifelong learning, which is particularly relevant for
students as they are immersed in their professional settings
that require constant adaptations due to technological
innovations [21], [22] Further, teaching activities facilitate
the transfer of knowledge and skills from instructional
settings to other general settings, allowing students to
extend learning application [23].

B. The Blackbox Challenge

The black box challenge is illustrated using an example
in Microsoft Excel undertaken by undergraduate business
students in an introductory business analytics course at a
large university in the midwestern United States. The
course introduces students to various principles and
techniques related to sourcing, preparation, analysis,
visualization, and interpretation of data for business
decision-making. During the course, students gain hands-
on learning experience in Excel, Access, Python, and
SPSS to accomplish different tasks.

Fig. 1 depicts a continuum that can be used to
distinguish between traditional learning (which was the
norm before the advent of Al tools) and black box learning
(which has become more prevalent since the advent of Al
tools). One of the data preparation activities requires
students to transform compound data columns into atomic
data columns in Excel. For instance, the name field can be
split into first name, middle initial, and last name format,
or the address field can be divided into street, city, state,
and zip code columns, standard in the United States
environment. A traditional way of breaking the data into
multiple columns is to use a combination of text
manipulation functions such as LEFT, MID, and RIGHT
available in Excel, which also requires students to identify
patterns based on delimiters such as comma or space
symbols and possibly use functions such as FIND to locate
the positions of the delimiters. This approach also allows
exploring other related functions, such as LEN, to
determine the number of characters.
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Traditional

e Example: “Formulas”
feature in Excel

¢ Students need to learn
how data is structured
and construct formulas

¢ Students need to apply
problem solving and
critical thinking skills

<< Semi Traditional  >»

e Example: “Text to
Columns” feature in Excel

¢ Students need to know
basic concepts such as the
role of delimiters

¢ Students may need basic
solving and thinking skills
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e Example: “Flash Fill”
feature in Excel

¢ Students need not know
data or concepts since Al
tools handle all details

¢ Students need not apply
problem solving and
critical thinking skills

Fig. 1. Traditional vs. Blackbox learning
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The formulas to split the street, city, state, and zip
codes based on delimiters (assuming the data is organized
as an Excel table) include:

commal =FIND(",", [Qaddress])
comma?2 =FIND(",", [@address], [@Commal]+1)
street =LEFT ([@address], [@Commal]-1)

city =MID([@address], [@Commal]+2, [@Comma2] -
[@Commal]-2)

state =MID([Qaddress], [@Comma2]+2,2)

zip =RIGHT ([Q@address],5)

This method is preferred since it enables students to
learn patterns and rules to transfer the learning to other
settings as needed. For instance, the same data splitting
problem can be handled in Python. Assuming that the
address column is loaded in a Pandas dataframe, the street,
city, state, and zip code columns may be extracted using
the code:

addresses = df['address'].values.tolist ()

streets = list (map(lambda x: x[:x.find(',')],
addresses))

citys = list (map(lambda x:
X[x.find (', ")+2:x.rfind (', ') ], addresses))

states = list (map (lambda x:
x[x.rfind(',")+2:x.rfind (', ')+4], addresses))

zips = list (map(lambda x: x[-5:], addresses))

Such knowledge transfer across different environments
is beneficial for students since they will not have to rely on
specific capabilities of software tools, but focus on
implementing their problem-solving abilities as necessary.

However, Excel also includes the "Text to Columns"
feature that can be used for similar outcomes. Students will
not need to use the formulas introduced above. Still, they
can split the data using knowledge of delimiters and select
the relevant option from the list of delimiters provided.

They can also follow the visual guide of the vertical
dividers that show the data will be reorganized consistent
with the chosen delimiters.

For the same address column shown earlier, the "Text
to Columns" feature can be used twice; first to split the
address field based on the comma delimiter and then to
split the combined state and zip code column based on the
space delimiter. This method moves closer to the black
box challenge since students do not need to apply
principles related to splitting by patterns. However, they
still need to understand delimiters being the basis for
splitting combined data into different columns.

Even more pertinent to the black box challenge is the
"Flash Fill" capability in Excel, which uses principles of
pattern matching and Al For the same data splitting
problem, this feature merely requires students to show a
few examples of expected results for the state, city, state,
and zip code columns. The "Flash Fill" feature then
extracts the results for the four columns from the address
column based on patterns.

The "Flash Fill" feature in Microsoft Excel effectively
conceals the underlying computational logic required to
perform split operations, thereby obviating the need for
users, particularly students, to engage with foundational
concepts such as string manipulation, pattern recognition,
and algorithmic thinking. This abstraction not only
diminishes the perceived value of mastering such skills but
also disincentivizes learners from exercising analytical
reasoning or cultivating problem-solving competencies.
Consequently, the black box challenge emerges: a
pedagogical dilemma wherein learners, faced with highly
accessible Al-enhanced functionalities, may increasingly
defer to automated processes in lieu of developing the
intellectual resilience necessary for tackling complex,
structured problems. In such contexts, the ease of tool-



Letters in Information Technology Education (LITE) 17

e-ISSN: 2654-5667

driven task completion risks displacing deeper cognitive
engagement, ultimately undermining the cultivation of
critical-thinking abilities essential for adaptive expertise
and lifelong learning.

While this discussion is not an indictment of the
advanced capabilities infused into modern software tools,
it does raise awareness of the potential pitfalls in adopting
such capabilities while sidelining learmning related to
fundamentals and principles. This concern resonates with
Wing’s advocacy for computational thinking, which
emphasizes the importance of pattern recognition,
abstraction, and algorithmic reasoning as core skills in
problem solving [24] In multiple course offerings, several
students consulted with the instructor about whether the
"Flash Fill" capability could satisfy the assignment
requirements, rather than methods that required them to
identify patterns and develop strategies to solve the
problem. As Binkley et al. have noted, the ability to engage
in critical thinking and sustained learning processes is
essential in preparing learners for the demands of the 21st
century [25]. Without adequate emphasis on foundational
learning, overreliance on automation tools may lead to
cognitive offloading and a decline in problem-solving
resilience [26], [27]

C. Rethinking Teaching and Learning

The foregoing illustration of the black box challenge
raises several questions for both teaching and learning,
From a learner perspective, students may relish and use the
Al capabilities built into software tools to quickly find
solutions without spending much effort thinking through
overall strategies or steps to solve problems. The use of
productivity-enhancing Al tools may be desirable in
intensive task environments in work settings, but students
may find it detrimental in their learning processes. The
overall gains in using Al tools that may be realizable could
be significantly diminished if such use comes at the
expense of learning opportunities and knowledge growth
in individuals. While they may be able to satisfy
immediate requirements, students may find their lifelong
learning skills and abilities severely curtailed in the long
run when extensively relying on Al tools and their
capabilities.

The possibility remains that the Al tools may not
produce the results desired by students. For instance, in an
example to split an individual's full name into first name,
middle initial, and last name, the "Flash Fill" capability in
Microsoft Excel did not produce the correct results for the
middle initial. However, the first name and last name were
correctly identified. In such a scenario, when Al tools may
not adequately satisfy task needs, students will have to fall
back on their skills and knowledge actively. Of course,
students can consult reference materials that may allow
them to solve the problem and identify potential solutions.
However, if students have not taken the time to bolster
their knowledge and skills actively but rely on Al tools
extensively, they may not be able to solve the problem.
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From a teacher’s perspective, developing interventions
for student learning and engagement with critical-thinking
and problem-solving activities becomes challenging when
Al capabilities in software tools are widely available and
easily accessible. One challenge is related to identifying
the content of the learning activities. Rather than simply
developing learning interventions that help learn problem-
solving and critical-thinking activities, perhaps instructors
need to include activities that highlight how knowledge
and learning can be transferred to other settings (e.g.,
applying those principles learnt in the context of Excel to
another environment such as Python as described above)
or how reliance on Al tools may not always be sufficient
or helpful (e.g., showing the errors that are possible as
described above).

Instructors may need to motivate students to build
lifelong learning capabilities when students may be
interested in taking advantage of Al tools and capabilities.
The increasing availability of Al-driven features in
common software, such as Microsoft Excel, has enabled
students to independently discover and apply these tools in
academic tasks, often without engaging with the
underlying concepts or problem-solving strategies taught
in class. This trend reflects a growing reliance on
technological convenience, potentially undermining
critical-thinking development [28]. As noted by Luckin et
al., while Al can enhance personalized learning
experiences, it must be accompanied by pedagogical
frameworks that emphasize metacognition and lifelong
learning skills [29]. Moreover, Selwyn highlights that the
allure of Al efficiency can lead students to question the
relevance of traditional learning approaches, posing a
challenge for educators to strike a balance between
leveraging Al tools and nurturing deep cognitive
engagement [30].

II1. Conclusion

The availability of Al tools and capabilities has raised
challenges for traditional teaching and learning since they
allow students to bypass problem-solving and critical-
thinking requirements to complete tasks. While
productivity enhancements possible due to Al capabilities
are helpful under certain conditions, exclusive or
excessive reliance on such capabilities may undermine
individuals' intellectual growth and well-being (first as
students and then as professionals) within society in the
long run. Traditional teaching and learning methods must
be adapted to incorporate motivational and comparative
elements such that students will be equipped with
problem-solving, critical-thinking, and lifelong learning
abilities to influence and shape society. This study raises
several directions for future research and practice. First,
academia may strive to define what constitutes “learning”
in the context of higher education when dealing with Al
tools. Second, experiments could be conducted to assess
how much reliance on Al tools impacts student learning.

Anand Jeyaraj et.al (Blackbox Challenge in Software Teaching and Learning)
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Finally, teachers may design creative learning modules
and interventions that encourage students to engage in
problem-solving and critical thinking even when Al tools
are accessible.
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