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Introduction 

 

 This is the report of an attempt to introduce computational thinking into a public affairs 

course at Albany State University in the spring of 2018. Students in one class were given a series 

of four innovative assignments. The instructional intent was to help students develop the capacity 

to anticipate possible sequences of events in organizations, taking into account organizational 

culture and the personalities of the people involved. Anticipating how others will react to events 

is an important administrative/managerial skill. It is important that leaders also have the ability to 

anticipate likely future scenarios; not just the immediate response of one person. In other words, 

administration has a quantum or wave-like property in which there are probabilities associated 

with patterns of future events involving multiple people within the culture of an organization. 

The personalities of those people (and the combination of them) shape the “space” of likely 

outcomes. 

 

 The assignments were experimental and, in retrospect, were not optimally designed. The 

intent of the assignments was apparently partially achieved. The following sections of this report 

include the meaning and scope of computational thinking; the design of the experimental 

assignments; learning outcomes; relevance of computational thinking to learning objective; and 

discussion, conclusion and reflections/ 

 

Meaning and Scope of Computational Thinking 

 

Jeannette M. Wing (2006) wrote a brief article as a viewpoint titled, Computational 

Thinking in Communications of the ACM that launched her global advocacy for teaching 

computational thinking for all. She regards computational thinking as a fundamental skill for 

everyone in the 21st Century, not only computer science students.  In that article she made an 

exceptional claim that computational thinking includes the capacity to understand human 

behavior by drawing on the concepts fundamental to computer science. 

 



 
 

Figure 1:  Algorithmic structure of music and lyrics 

Source: Greher & Heines, 2014 

 

Computational thinking is an approach to problem solving that is important in the age of 

modern information systems, robotics, artificial intelligence, and knowledge management. 

Programming is not computer science. Computational thinking is not exclusively within the 

domain of computer science. Consider, for example the algorithmic structure of music and lyrics 

as in the figure above from Greher & Heines (2014). Computational thinking is an approach to 

thinking and problem solving grounded in the professional practices of thousands of software 

engineers and others. Computational thinking is applicable to programming in that it provides 

one a “toolbox” of tools that can be applied to the design and implementation of computer 

algorithms.  

 

Design of Experimental Assignments 

 

As a university teacher I am becoming increasingly alarmed by the apparent limited 

knowledge and cognitive skills of some students. This may reflect deficiencies in some public-

school systems. Many of my students already hold positions of responsibility in important 

public-sector organizations. Organizations can be more resourceful than any of their individual 

employees. But there is a limit to the quality of organizations we can build if employees can only 

perform narrowly defined work and lack scope of understanding and creativity. We should not 

be preparing students to become the cogs of machine-like organizations of the industrial era. 

Most professionals today are knowledge workers who use computer systems to supplement their 

minds; and many young people and others today carry the augmentation of their brains in their 



hands. Everyone needs a measure of computational thinking to live and function in the 

information age.  

 

There are differences in natural intelligence and artificial intelligence, of course. 

Artificial intelligence is evolving much more rapidly than natural intelligence. Modern 

knowledge organizations are a combination of natural and artificial intelligences. Social robots, 

self-driving vehicles and similar devices will soon be granted legal rights because autonomous 

creatures that make important decisions must have legal responsibilities. A human cannot always 

be in the decision loop. Indeed, a human cannot fully know what is going on from within a 

complex system. 

 

I teach in a Master of Public Administration program. The intent of the program is to help 

students become effective leaders and administrators. I have always experimented with new 

ways of teaching and have the evidence of career mobility to show for it. I believe that one of the 

evidences of a good administrator is that he or she can understand colleagues well enough to 

anticipate how they will react to events and how decisions are likely to play out among 

colleagues. Some administrators thrive on chaos, which they largely generate themselves. Others 

are wise enough to avoid creating scenarios filled with unnecessary drama. While bureaucratic 

theory purports that individuals can be considered uniformly as if cogs in a machine, in reality 

people have different personalities and respond to events differently. It matters who holds a 

position in an organization; not just their employment classification. In an age in which diversity 

in organizations is encouraged, it is important that administrators and others be able to accurately 

anticipate how things are likely to play out given the combinations of personalities involved in 

workplace scenarios. 

 

Can that ability be taught? Yes, but it may not be widely taught in public administration 

programs. I attempted to approach the challenge this semester in an introduction to public 

administration course at the graduate level. I attempted to approach this using computational 

thinking. I learned to think computationally as a student at the University of Nebraska at Omaha. 

There that I learned the object-oriented paradigm of computer programming and software 

development. I came away from that program of study realizing that software engineers had 

insights that could be widely applied because they had developed ways of thinking about 

complex software applications. This semester I attempted to use computational thinking to help 

students learn to anticipate the consequences of their words and actions in complex 

organizational environments.  

 

I approached this by trying to apply Carl Jung’s theory of personality which has been 

adapted and popularized by others. I am not suggesting that people are objects; but that object-

oriented modeling might be applied to understanding how people with different personalities 

(based on differences in preferences regarding information perception and processing). The fact 

that Jung grounded his theory of personalities on information processing suggests to me that 

software engineering techniques may be applicable to understanding interpersonal dynamics in 

organizations. I incorporated some drawings of people into a series of four assignments also. 

 



I believe what I tried to achieve is valuable. I believe incorporating both computational 

thinking and visual literacy into public affairs instruction can be valuable. I think my 

instructional methods in this instance fell short of success for at several reasons. 

 

The use of the drawings may make the assignment more interesting, but it opens the risk 

of bringing up issues related prejudice and thinking in stereotypes. We do tend to “read” people 

based in part of physical appearances. And there may be some validity in doing so. Once we see 

a person, our perception of that person is no longer a blank slate. But it is politically incorrect to 

judge others by appearances and it is not in the spirit of teaching public administration to do so. 

 

           
Figure 2. Two of ten drawings included in assignment 

Source: Larry Turner of Chattanooga, Tennessee  

 

      These two drawings in Figure 1, I think, might have drawn up negative stereotyping. 

Some of my students did react to the picture on the left in class. It is one thing to teach that we 

should not judge others by appearance and another to deny that appearance does not matter in 

how we perceive others and tend to interact with others. If I try this type of instruction again I 

need to give more thought as to how to address this aspect of “reading” others in organizational 

settings without introducing possible stereotyping and/or prejudice.  

 

While I see a tie between this assignment between this assignment and computational 

thinking, I have not yet figured out how to introduce computational thinking to my students in a 

way that it makes a substantial contribution to the social dynamics I am trying to teach without 

involving a lengthy detour into another discipline. I think when computational thinking is applied 

in another discipline it should be introduced without diverting attention away from the content 

being taught. It should be transparent.  

 

[continued] 



 
Figure 2: Visual model representing Jungian theory to  

Interpersonal relationships 

Drawings by Larry Turner of Chattanooga, Tennessee  

 

When I taught the figure above, several of my students registered understanding that 

people who score as introverts tend to process information internally (in a recursive manner) 

while people who score as extroverts tend to immediately direct their energy back into the 

environment. I like this model because it is similar to the traditional “donut” representation of 

software objects when object-oriented analysis and design is taught in courses on computer 

programming. It represents the fact that there is a boundary between a person and his or her 

environment, including other people. It reflects the fact that internal processing is encapsulated 

within the entity, be it software object or human personality.  

 

In designing the assignment, I failed to generate rule-based algorithms that my students 

could learn to apply to human personalities. I could not reduce Jung’s theory of personality to a 

set of objective rules. Human personalities are not so mechanical that human interactions can be 

reduced to sets of rules embodied as algorithms. Nor can the effects of an organization culture 

(or subculture) be used to mechanically anticipate how the culture will affect the behavior of 

people working within the organization. Unlike a computer that usually follows its instructions 

precisely, interpersonal dynamics within an organization are “fuzzy,” or “noisy.” (There is 

“fuzzy logic” that can be captured in algorithms. See Zadeh, 2012.) Two of Jung’s functions are 

non-rational. Intuition and feeling elude rational explanations. And values are key components of 

cognitive processes that are not captured by personality theory. Jung’s theory does not capture 

the mechanics of introversion and extroversion. 

 

My approach was not only computational but Newtonian. In fact, every moment is an 

interpersonal encounter has quantum (wave-like) properties. An encounter is not like an event on 

a billiards table in which one ball hits another and others in linear progression. Every moment is 

pregnant with thousands of possibilities, some more likely than others. And the Jungian 

functions (sensing or intuition; feeling or thinking) are not mutually exclusive. They are 

preferences (just as most people have a preference to use either the right hand or the left hand). 

Given the situation and the others present, we may suppress our preference and modify our 

behavior. For example, one may react using different functions when interacting with one 

supervisor than when interacting with one’s subordinate in an organization.  



 

Learning Outcomes 

 

There were twelve students in the course. The resulting number of “data points” is too 

small to permit reporting of any reporting of meaningful statistics. The first assignment involved 

selection of a drawing, creation of a fictional character based upon the selected drawing and 

writing a letter to the fictional character. Most of the students completed this assignment on time 

and created interesting and reasonable fictional characters. The second assignment involved a 

given scenario in which “Hank” is angry with Olivia regarding a computer problem that is 

delaying his timely completion of a report and verbally expresses his anger in the presence of his 

subordinate, Scout. Based upon his personality type, “ENFJ,” students were asked to anticipate 

Scout’s reaction to Hank (from a list provided) in the situation, and to explain their selection. 

Again, most students completed the assignment on time and made reasonable choices and 

explanations.  

 

The third assignment built upon the second assignment. For each of the possible reactions 

by Scout in the prior scenario, students were asked to identify the probability of Scout’s taking 

that action. But this time Scout’s personality type (temperament) was variable in the assignment 

– ST, SF, NT and NF. Some students did not submit the assignment. Some students who did 

submit the assignment did not understand it and submitted incomplete work. Of the students who 

completed the assignment on time there was variety in their judgements, but apparently more 

agreement among students than would be expected by chance. The brief explanations provided 

by students were reasonable. 

 

 The fourth assignment identified three people employed by a hospital. I seeded the 

conversation with five conversation elements and asked the students to continue the conversation 

by including at least 30 additional conversation elements. The set up for the conversation 

involved how to respond to a situation in which a staff physician who brought a lot of revenues 

to the hospital was showing signs of impairment or possible senility. Two students said that they 

really liked this assignment One student’s work was outstanding, in my opinion. The student 

who did outstanding work wrote a well-developed and thoughtful statements, reflecting the roles 

of the participants and their selected personality traits. Her work reflected her understanding of 

both administrative and “political” aspects of the situation. She obviously thought about the 

assignment and exercised reflection in her work.  

 

[continued]  
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Figure 3: Part of the Specification of Assignment 4 

Drawings by Larry Turner of Chattanooga, Tennessee  

 

The following is part of one student’s response to this assignment. 

 

[continued] 

  



Evidence of Shelley’s SENSING function: 

(Cell Number 13): Because according to the board’s bylaws, only the board members can 

exercise that power with a majority favored motion.  

(Cell Number 20): You should only present the factual information to the board. I advise that 

you leave the “talk” of a health concern out of the window.  

She notices the facts and recalls relevant details. She is concerned with the bottom line of the 

matter.  

Evidence of Helen’s INTUITION function: 

(Cell Number 14): He has been working for 30 years, and has exemplified tremendous results, 

bringing in great revenues for the organization. I do understand that his customer satisfaction 

has been declining recently, but maybe the Chief of Staff or someone from my department 

could sit down and discuss the issue with him. 

(Cell Number 18): I agree that we must take action now to minimize the risks, but can this 

action include our human relations department instead of his removal? 

She is interested in the possibilities of the situation. She tries to find alternate routes.  

Evidence of Shelley’s THINKING function: 

(Cell Number 8): Sir, I do understand. But as you mentioned, this conversation is off the 

record, and we are not making any formal decisions on this matter. However, I am able to 

offer you my input. 

(Cell Number 27): I understand that he currently helps to generate a lot of revenue for the 

organization, but what do you think those numbers will leave us when the cost of insurance 

reaches a very high peak? I think we must be smart about this and minimize the hospital’s 

risks. 

She bases her decisions on logic and uses rules. She is more concerned with the organizational 

goals. 

Evidence of Helen’s FEELING function: 

(Cell Number 6): I am concerned about the employees’ satisfaction here at the hospital. I am 

concerned about the patients, as well.  

(Cell Number 28): Have we considered a training for him to learn how to use the new 

equipment? Maybe this is a cause of his recent irritation. 

(Cell Number 34): I am glad you are considering the benefits that Dr. Smith provides to the 

hospital as well and not just the risks that he poses. I think with the awareness of Dr. Smith’s 

contribution to the hospital over the years, the board will make a more informed decision.  

She is concerned with others’ feelings and makes decisions based on social considerations. 

Figure 4: Part of One Student’s Response the Assignment 4 

 

What I observed is that with one exception my students did not take an algorithmic 

approach to anticipating the probability of character reactions. I think most of the students 

worked from descriptions of personality types and temperaments, available online. They did 

not appear to be thinking, for example, “Because Scout prefers to use sensing to get information 

from the environment he is likely to notice the detail that Hank is working under deadline;” and, 

“because Scout prefers to process information by thinking rather than by feeling, he is not likely 

to be concerned about Olivia’s feelings and the injustice she is experiencing.” The student work 

evident in the figure above is that it is evident that she is applying computational thinking to the 

assignment. I am concerned that most or all of the other students were not applying 

computational thinking. At best they may have been working from descriptions of the 



temperaments derived from Jung’s theory of personality. In other words, they may have been 

applying descriptive thinking rather than computational thinking.  

 

Potential Relevance of Computational Thinking to the Learning Objective 

 

 The problem is to better understand how organizational culture, roles and personalities 

combine to shape how events involving conflict tend to play out in organizations. Observation of 

real experiences are useful in trying to generalize about this question in specific instances. But 

application of such generalizations to specific people and situations may be of limited utility. I 

may be able to anticipate how a specific colleague may react to my words or actions in the 

context of the culture of a specific organization, based on our history of past experiences. But to 

extend that anticipation to groups of colleagues can be difficult. There are so many possible 

paths that might evolve out of a situation, given the number of players, the complexity of human 

personalities, the variety of role relationships, and simply random factors on any given day. This 

is the kind of complexity that computer simulation can help people understand. And computer 

simulations require the computational thinking necessary to produce the software behind the 

simulation.  

 

 Some simulations are more feasible than others because some kinds of simulations are 

based upon more objective relationships. Above the quantum level, the laws of physics are much 

more objectives than the patterns observed in the social sciences. While I believe that Carl Jung’s 

theory of personality is defensible science, the aspects of personality he identified are not nearly 

as “hard” as the laws of physics, for example. As a consequence, designing a simulation of 

human interactions is different from designing a flight simulator. In one case the relationships 

among factors can be modeled using mathematics. In the other, the relationships are more 

“fuzzy” and probabilistic. The principles of computational thinking can be applied to challenges 

in both domains. 

 

 The four principles of computational thinking addressed here are decomposition, 

abstraction, identification of patterns, and the design of algorithms. The challenge of anticipating 

or simulating human interactions in organizations is complex and can be approached more easily 

if the challenge is first divided into parts. This strategy is called decomposition. The 

decomposition of a problem can be more clearly expressed by using visual modeling techniques 

such as containment, as demonstrated below. 

 

The problem I attempted to address with my students this semester was how to understand and 

anticipate patterns of conflict in interactions among selected employees with roles in the context 

of an organization and its culture.  

 

Applications of the Tools of Computational Thinking 

 

 The basic tools of computational thinking include decomposition, abstraction, recursion, 

algorithms and pattern recognition, as indicated below. 

 

 

 



Decomposition 

 

The overall challenge of the series of assignments can be divided into parts as follows. 

 

• Identify an organization and its culture 

• Identify specific people with related roles in the organization 

• Categorize and represent the personalities of those people, using ABSTRACTION 

• Identify a situation involving conflict 

• Anticipate how one person is likely to respond to another person 

• Anticipate how the simulation is likely to play out Using RECURSION 

 

Abstraction 

 

Abstraction is involved in that only selected aspects of organizational culture can be 

taken into account at a time. Organizational culture is not an objective thing. To operationalize 

the concept, it is necessary to define it in terms of one or more of its reasonable dimensions. 

 

Recursion 

 

The pattern here is that a participant receives some kind of “input” from other participant, 

processes it, and then produces an output that becomes the input for another participant. 

Recursion in the natural world is likely to become reflected in computer code relevant to the 

natural world. 

 

Algorithms  

 

An algorithm (be it a computer algorithm or not) is a set of rules or instructions that 

guides computation, thought or behavior. 

 

Patterns 

 

Patterns can be realized at at least two levels. Programmers often discover that code can 

be reused multiple times within an application. They avoid repeating a block of code either by 

creation of a programming loop, or by making the block of code a subroutine and calling in from 

multiple other places within code of the application program. A pattern may also become evident 

when the application is run as a simulation. The output of a computer simulation may be more 

evident than a corresponding pattern in the real world. The observation of a pattern may then 

feed back into computational thinking by humans, be abstracted, and lead to additional 

recursions of learning. 

 

Discussion, Conclusions and Reflections 

 

 The work with students reported here was a first-time experiment conducted during the 

time I the professor was learning about computational thinking, as a student in the spring of 

2018. I had only a limited understanding of computational thinking at the time I set up the 

assignments and helped my students prepare to complete them. I did not have a clear plan for 



how to assess the degree to which they applied computational thinking to the problem, or the 

degree to which their work met the learning objective. Consequently, I am not in a position now 

to assess their computational thinking in a rigorous way. I failed to adequately lay the foundation 

for their use of computational thinking this semester. As noted above, students who completed 

the assignments appear to have worked from descriptions of personality types and temperaments 

rather than by taking a algorithmic approach to anticipating the probability of behaviors.  

 

 If I try this kind of assignment again I need to explicitly guide my students in 

computational thinking and try to find a way to assess not only the artifacts they submit but their 

thought processes while producing those artifacts. As is often the case, I suspect I learned more 

in this experiment than my students learned.  

 

 On reflection, to expect them to use computation rather than reason to complete this 

assignment would require me to first teach them the “mechanics” behind Jung’s theory of 

personality. Jung worked from observations of his patients. To the degree that his theory of 

personality is mechanical, it is deep and difficult. To me, this brings up the question of when is 

computation rather than reason the better approach to approaching a problem? If the nature of a 

problem or the understanding of a complex system can be addressed effectively by reason, what 

does computational thinking bring to the table? What is the scope of cognitive challenges for 

which computational thinking is needed? Is the value of computational thinking constrained to 

domains that can be reduced to sets of rules? Given that computers and humans are not fungible 

(essentially interchangeable) in terms of their capacities to process data, information, and 

knowledge, when should humans revert to computation when reason is possible. Does 

computation somehow augment reason in situations in which reason applies? Is computation a 

lower form of thinking, such that humans need not engage in computational thinking when it is 

possible to address problems and embrace complex system via reason? Does computational 

thinking seek to reduce humans to computers; while efforts in artificial intelligence seek to make 

computers more like humans? Is computation an inferior form of thinking, when compared to 

reasoning? Is computational thinking the means by which humans reason in order to program 

computers; or the means by which computers compute?  

 

 These are not questions that I intended to encounter when I began this path. When I teach 

management information systems I stress that modern organizations and their information 

systems should be designed concurrently, to leverage both the best of the capacities of 

information systems and the capacities of humans.  

 

 Clearly, those humans who engage in the design of computers, software applications and 

information systems should have a firm grasp on computational thinking. To work with 

machines sometimes requires “getting down” to “where they are.” People who can work with 

machine language, for example, but have rare human cognitive capacities to work at that level. Is 

computational thinking high one the “machine language spectrum” and a lower form of 

reasoning on the “human language spectrum?” Computers do not process meanings. 

Computation is the manipulation of symbols; not meaning. It is all about patterns of meaningless 

symbols. Those patterns become meaningful only when perceived by humans. Qualia is the 

internal and subjective component of raw sense perceptions. Without qualia, I do not believe that 

meaning is possible. Given that humans have qualia and can reason because we have the capacity 



to reason, then why should humans (who are not engaged in the creation of computer 

applications) engage in computational thinking?  

 

 I think Wing would say that it is the principles of computation thinking applied to reason 

that makes computational thinking valuable. Vee (2017) writes that computational thinking is an 

additional literacy that is valuable because it allows humans to not only “read” new media but to 

“write to” new media. In other words, the ability to program computers allows people to not only 

consume applications mediated by electronic media but to also produce applications to be 

consumed by others.  

 

 There are, of course, other forms of thinking and literacy. Much of science is grounded 

on mathematical thought, including the use of imaginary numbers and even imaginary time. Art 

can be understood as a kind of thinking and of communication (visual literacy) at a non-rational 

level. The composition of music and lyrics is a form of thinking and can be taught as 

computation (Gerher, 2014). Joseph Campbell’s explanation of myth may also be computational 

in nature, especially when it dives into Jungian archetypes (Campbell, 1991). 

 

 I accept responsibility for giving my students a series of assignments that were not well 

thought through first. But the question now goes back to Wing’s claim that, “Computational 

thinking involves solving problems, designing systems, and understanding human behavior, by 

drawing on the concepts fundamental to computer science.” (Wing, 2006) I attempted to teach 

my students to understand human behavior by use of computational thinking. Did I merely fail, 

or did I stumble upon a fundamental limitation of computational thinking when compared to 

human reasoning? Or is that even a right question to ask?  

 

It seems to me now that when humans create algorithms and program computers, that 

practice computational thinking in the context of senescence, consciousness and/or qualia that 

electronic computers may never acquire. Computer simulations can certainly be used to facilitate 

human insights into complex systems. But if computation is inferior to human reason, can 

computational thinking be used to understand human behavior? Was my failure only a 

consequence of my approaching the problem without adequate preparation? Perhaps I did not 

interpret Wing’s statement that computational thinking can be applied to understand human 

behavior correctly.  
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