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> Gontext - Constructionism, Papert’s pedagogy and learning theory, involves experiential learning where students
engage in exploration, create things that are personally meaningful, and share them with others. This approach
is quite motivating, evidenced by the popularity of maker spaces, hackathons, and educational technologies that
promote creative computing. With constructionism, the learner’s choice is important. This means that learning is
often serendipitous. It also means that people often abandon their designs when obstacles arise. This is problem-
atic in learning environments where coverage of key concepts is necessary, practice to develop skills is essential,
and persistence with troubleshooting errors is required. > Problem - How can teachers and instructional design-
ers complement a constructionist approach with one that addresses its limitations? | introduce de-construction-
ism, a pedagogy and learning theory that emphasizes learning from taking things apart. It is inspired by reverse
engineering, cognitive load theory, practice theory, and theories of learning from errors and negative knowledge.
This approach is applicable to computer science, as described here, and other disciplines. >Method - | report on
a design-based research experiment, where university students interacted with Python practice problems dur-
ing weekly labs. The designs of the individual problems, and series of problem sets, were based on a model for
de-construction developed by the author. >Results - The experiment serves as a successful proof of concept for
implementing practice problems designed with a de-constructionist approach. Few technical difficulties arose, and
the students enjoyed the learning experience. A few revisions to the model for de-construction were warranted.
> Implications - | provide teachers and instructional designers with a simple, practical way to think about instruc-
tion, in terms of construction and de-construction. The de-constructionist approach involves ample, effective practice
with taking apart well-built examples, some with intentional bugs. > Gonstructivist content - | propose a pedagogy
that is opposite yet complementary to constructionism. > Key words - Constructionism, de-constructionism, bugs,
intentional bugs.
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Introduction

«1» Constructionism is a pedagogy
and learning theory conceived by Seymour
Papert who described it as follows:

“ Constructionism is a synthesis of the con-
structivist theory of developmental psychology
[Piaget’s theory], and the opportunities offered
by technology to base education for science and
mathematics on activities in which students work
towards the construction of an intelligible entity
rather than on the acquisition of knowledge and
facts without a context in which they can be im-
mediately used and understood. A central feature
of constructionism is that it goes beyond what is
usually called ‘the cognitive’ to include social and
affective facets of mathematics and science educa-
tion.”? (Papert 1987: 8)
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«2» Constructionism enjoyed a wave
of popularity in the late 1900s when numer-
ous education initiatives engaged young
children with the Logo programming lan-
guage to explore computing, math, anima-
tion, storytelling, and other topics. By the
early 2000s Logo’s popularity had waned but
new constructionist technologies emerged
that attracted an even larger number of par-
ticipants from a wider age range. Examples
include Scratch, MIT App Inventor, Lilypad
Arduino, and littleBits.

«3» There are a few well-known col-
lege-level courses that use constructionist
technologies and approaches for teaching
math (Abelson & DiSessa 1992) and pro-
gramming (Guzdial 2003; Malan & Leitner
2007; “Mobile CSP; http://mobile-csp.org;
and “The Beauty and Joy of Computing,’

http://bjc.berkeley.edu). Despite such ex-
amples, constructionism is often perceived
as a pre-college “just for fun” pedagogy. Its
emphasis on tinkering and bricolage is con-
sidered insufficient for professional or pre-
professional computer science education
(Ben-Ari 1998). Even though Papert valued
the process of learning from taking things
apart (he delighting in deconstructing gear
mechanisms as a child), and even though
constructionists sometimes promote learn-
ing from taking apart (e.g., via remixing), it
is typically not employed systematically.
«4» It would be helpful if teachers
of traditional CS courses with a problem-
solving focus knew about constructionism
- its history, guiding principles, and varied
techniques (for designing, managing, and
evaluating constructionist projects) — be-
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cause students of all ages are motivated by
making their own computational creations.
Although there is a constructionist compo-
nent to the new American advanced place-
ment (AP) CS Principles course, which
requires student to design and create a
computational artifact, teachers are typi-
cally not informed that constructionism is
a pedagogy relevant to the course (“AP
Computer Science Principles;”! Kick & Trees
2015). For teachers who already take a con-
structionist approach, it would be helpful
to know how to counter-balance its typical
focus on design (Kafai & Resnick 1996)*
with a pedagogy that explicitly focuses on
analysis, skill building, and troubleshooting.
The Background section of this target ar-
ticle outlines the theoretical framework for
such a pedagogy: de-constructionism. The
Method and Results sections describe an
experiment with a university Python pro-
gramming course, where the lab exercises
were designed with a de-constructionist ap-
proach. The Discussion section considers
the experiment within a constructionist/de-
constructionist dialectic. It discusses future
work, suggests ways to incorporate student
collaboration, and invites others to apply
de-constructionism to topics other than
programming.

Background

«5» The Background section discusses
guiding principles for de-constructionism:
learning from taking apart well-built exam-
ples, learning from taking apart well-built
examples with intentional errors, and learn-
ing through effective practice. Note that
de-constructionism is used here to mean a
pedagogy; this is distinct from uses of the
term deconstruction relative to literary anal-
ysis, social theory, architecture, or as a gen-
eral decomposition strategy (e.g., Boytchev
2015; Self 1997).

1| https://apcentral.collegeboard.org/cours-
es/ap-computer-science-principles

2| See also “A glimpse into the playful world
of Seymour Papert” by Idit Harel, EdSurge, 2016.
https://www.edsurge.com/news/2016-08-03-a-
glimpse-into-the-playful-world-of-seymour-
papert

Learning from taking apart well-

built examples

« 6 » How do people become mechani-
cal engineers? Car mechanics? Fashion de-
signers? In disciplines that involve physical
objects, there is a long tradition of learning-
by-taking-apart. Future mechanics and me-
chanical engineers are often drawn to take
apart and fix cars, appliances, gadgets, and
toys. Future fashion designers often take
apart and then copy others’ garment de-
signs while developing their own unique
style. While constructionism encourages
this practice to some extent through remix-
ing, a remixing experience (which involves
changing an existing artifact) is often seren-
dipitous. Students may choose to remix only
an object’s surface features, and avoid or be
unaware of its more complex features.

«7» This section reviews several learn-
ing-by-taking-apart pedagogies. Two are
used for hands-on engineering education:
mechanical dissection and Tod Phod Jod.
Another technique, worked examples, has
been researched extensively for mathematics
education and to some extent for comput-
ing education. A few additional techniques
used in computing education are discussed.
These approaches are compared and con-
trasted to find best practices applicable to a
general pedagogy of de-construction.

Mechanical dissection

«8» In job training and vocational
education settings, it is common for appren-
tices to disassemble, analyze, and assemble
(DAA) vehicles, appliances, and other ma-
chines. This is useful for developing not
only mechanics, but mechanical engineers
and designers (Seabrook 2010; Wu 2008).
For college/university mechanical engineer-
ing departments, this presents challenges in
terms of workspaces, staffing, and storage.
Thus, many offer introductory courses that
are theoretical. An exception is a Stanford
University course that implements a hands-
on DAA approach called mechanical dissec-
tion (Sheppard 1992).

«9» Mechanical dissection is similar
to the medical school practice of dissecting
cadavers, but instead, students disassemble
(and re-assemble) mechanical things such
as bicycles, fishing reels, and drills. Later
courses engage students with design activi-
ties. Guiding questions for the mechanical

dissection course are: “How did others solve
a particular problem?” and “Why does the
solution work?” An important goal is for
students to become familiar with the termi-
nology of mechanical engineering. This is
accomplished by reading instructions, con-
versing in a structured team setting, answer-
ing questions, and writing reflections. Stu-
dents are guided to study product diagrams,
and to notice labels and categories of parts
and systems. Students also explain what they
learned, and generate their own labels and
categories in written reports and reflections.
Names, labels, and categories all serve as
metacognitive cues (Bransford et al. 2000).
Researchers who observed participants of a
Toy Dissection module report “We observed
most groups generating a causal chain, in
which they traced how a sequence of events
propagates from one part of the device to
the next” (Roschelle & Linde 1996).

«10» Some mechanical dissection ac-
tivities have students analyze multiple items
from the same product family, e.g., coffee
machines made by different companies.
Students compare them and evaluate de-
sign tradeoffs. Comparing and generalizing
help students learn design templates, de-
velop design strategies, and think abstractly.
Sheppard says: “The reality is that very little
design is actually new design. Very good
designers have this catalog in their brains
of stuff - of mechanisms, of devices, of ma-
chine elements” (Wu 2008: 59). Over thirty
institutions have implemented mechanical
dissection (Agogino, Sheppard & Oladipu-
po 1992; Regan & Sheppard 1996; Roschelle
& Linde 1996; Wood & Agogino 1996). It
has been adapted to teach about products
that are not solely mechanical; this is called
product dissection.

Tod Phod Jod

«11» An innovative approach to hands-
on engineering education in India is Tod
Phod Jod. 1t is similar to mechanical dissec-
tion in many respects but offered to children
through a series of out-of-school workshops,
each several hours long. A rough translation
of Tod Phod Jod is “break and make.” In the
first phase, middle-school-aged boys and
girls deconstruct and reconstruct objects
such as ceiling fans, clocks, and irons. Later
they take apart more complicated things and
fashion new things (Jods). Like mechanical
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dissection, Tod Phod Jod encourages stu-
dents to work hands-on with one or more
teammates, and ask questions such as: “How
does it work?,” “What’s inside?,” “Who made
this?,” “Why?,” “How?” Also similar is the
anticipation that discoveries participants
make during Tod Phod (deconstruction)
will prove useful later on for Jod (design).
Yet another similarity is the goal of learning
relevant terminology, by “deconstructing
the scientific jargon that is usually learned
by rote” (Vishnoi 2012). Tod Phod Jod
builds on the lower levels of Bloom’s taxon-
omy (remembering and understanding) to
engage youth with higher levels - applying,
analyzing, evaluating, and creating (“Tod
Fod Jod: To Encourage Students to Discover,
Experiment, Innovate™). Unlike mechanical
dissection, Tod Phod Jod participants do not
fill out detailed worksheets and reports. In-
stead the emphasis is on having a fun and
intellectually stimulating experience. India’s
national initiative to promote youth interest
in STEM education recommends Tod Phod
Jod for hands-on, activity-based learning
(“Rashtriya Avishkar Abhiyan™).

«12» Both mechanical dissection and
Tod Phod Jod promote learning through re-
verse engineering, given this definition:

¢ Reverse engineering is the process of analyzing
a subject system to identify the system’s compo-
nents and their interrelationships and create rep-
resentations of the system in another form or at a
higher level of abstraction.”? (Chikofsky & Cross
1990: 15)

Both help students develop mental abstract
representations, which can later be drawn
upon for design. There are other approaches
for learning by taking apart physical things,
e.g., un-crafting (Murer, Fuchsberger &
Tscheligi 2017).

Worked examples

«13» Another approach to learning
from analyzing things that are well-made
is the use of worked examples. John Sweller
introduced this pedagogy, where students
learn from studying problems that are

3| https://www.slideshare.net/pmpiii/tod-
fod-jod

4| http://mhrd.gov.in/sites/upload_files/
mhrd/files/raa/Order_of RAA_Guidelines.pdf
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completely worked out as an expert would
solve them (Sweller 1988). Contrary to the
prevailing belief that students should spend
a lot of time solving problems, Sweller’s re-
search showed that learning can be more
efficient if students study worked examples
while gradually learning to solve problems
on their own. This is known as the worked
example effect (Sweller 2006). According
to cognitive load theory, which Sweller de-
veloped as the theoretical foundation for
this research, humans can learn and store
many schemas (patterns of knowledge) in
long-term memory, but have a quite limited
amount of working memory that can make
sense of new information. Learning can be
efficient if the cognitive load is managed
and the learner does not experience cogni-
tive overload due to excessive or confusing
information. Scaffolding (instructional sup-
port) is needed to manage cognitive load.
Worked examples can provide such support
(Sweller 1988; Sweller & Cooper 1985).

«14 » Mathematics education research-
ers have conducted numerous large-scale
experiments with worked examples to mea-
sure students” learning gains. After decades
of research, experts recommend that stu-
dents spend roughly the same amount of
time studying worked examples as they do
solving problems on their own (Booth et
al. 2015). It is important to consider prior
knowledge; students with high prior knowl-
edge may lose expertise if required to study
too many rudimentary examples (Kalyuga
2007). Empirical research attests to the ben-
efits of several techniques used in conjunc-
tion with worked examples. These include
self-explanations, where students explain in
their own words or choose an explanation
(Chi et al. 1994), comparisons (Rittle-John-
son & Star 2007), sub-goal labels (Catram-
bone 1998), and feedback (Conati & Van-
Lehn 2000). These same techniques show
promise with worked examples for comput-
ing education. There is recent empirical re-
search on students explaining programs and
algorithms (Margulieux et al. 2016; Sudol-
DeLyser, Stehlik & Carver 2012), comparing
algorithms (Patitsas, Craig & Easterbrook
2013), interacting with sub-goal labels
(Margulieux, Catrambone & Guzdial 2016;
Morrison, Margulieux & Guzdial 2015),
and getting feedback via intelligent tutor-
ing systems (Di Eugenio et al. 2015; Harsley

& Morgan 2015; Sudol-DeLyser, Stehlik &
Carver 2012) and electronic books (Ericson,
Guzdial & Morrison 2015).

Best practices from mechanical
dissection, Tod Phod Jod, worked
examples, CS education

«15 » Mechanical dissection, Tod Phod
Jod, and worked examples all guide stu-
dents to deconstruct well-constructed ex-
amples. Students explain how the examples
work, identify parts, learn terminology, and
compare items. Participants of mechanical
dissection and Tod Phod Jod get hands-on
feedback, while students that interact with
worked examples can get computerized
feedback. All of these pedagogies help stu-
dents learn exemplary design patterns and
problem-solving strategies. This prepares
students both intellectually and psychologi-
cally to master design challenges and prob-
lem-solving challenges.

«16 » A few additional learning-by-tak-
ing-apart techniques that are used for teach-
ing programming are noteworthy. These
emphasize code comprehension, with the
philosophy that it is important that students
learn to understand code before, or as, they
learn to write code on their own. This stands
in contrast to the typical emphasis on code
writing. There is evidence that students who
are unable to understand code samples are
unable to write similar ones accurately (List-
er et al. 2004; Lopez et al. 2008). Some re-
searchers investigate the cognitive processes
involved in code comprehension (Schulte et
al. 2010), while others experiment with cur-
ricula designed to promote code compre-
hension. A variety of curricular approaches
engage students with analyzing and compar-
ing well-written code samples (Astrachan &
Reed 1995; Deimel & Moffat 1982; Kimura
1979; Linn & Clancy 1992). Some emphasize
the importance of tracing code (Lopez et al.
2008)° and understanding the invisible/no-
tional machine of a programming language
with the help of program visualization aids
(du Boulay, O’Shea & Monk 1981; Sorva
2013). One popular technique is to ask stu-
dents to predict what code does. Another is

5| See also “Teaching programming: Too
much doing, not enough understanding” by
Quintin Cutts, 2012. https://www.youtube.com/
watch?v=Pim4aYfiZiY
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to use completion problems; here students
are given well-structured code and asked
to complete missing sections of it (Deimel
& Moffat 1982; Van Merriénboer & Paas
1990). Completion problems help bridge the
gap between understanding code and writ-
ing code. Thus, predicting and completing
are useful activities for de-construction in
addition to explaining, comparing, and la-
beling.

Learning from intentional errors

and bugs

«17» Given that future bicycle mechan-
ics and fashion designers typically gain mas-
tery by fixing and mending broken things,
it follows that an educator could systemati-
cally present a collection of broken items to
students to provide knowledge of common
problems, and practice fixing them. Neither
mechanical dissection nor Tod Phod Jod
takes this approach, perhaps due to the lo-
gistical challenges of doing this with physi-
cal objects.

«18 » Although people can learn from
their own mistakes (Duncker 1945), this is
often serendipitous. Could learning be more
comprehensive and efficient if instruction
included intentional errors? This question
sparks controversy. Behavioral psychologists
view this approach as undesirable because it
may introduce or reinforce misconceptions.
Several math education researchers who use
intentional errors view the behaviorist phi-
losophy as normative, and characterize their
own use of them as controversial (Isotani et
al. 2011; Tsamir & Tirosh 2005; Tsovaltzi et
al. 2010). In contrast, several theories sup-
port the idea that intentional errors can pro-
mote learning. These include the theories of
cognitive dissonance (Festinger 1957, 1962),
negative knowledge (Kaess & Zeaman 1960;
Oser et al. 2012), impasse-driven learn-
ing (VanLehn 1988), learning from errors
(Ohlsson 1996), and overlapping waves
(Siegler 2002). Over a dozen experience re-
ports and a handful of experiments for math
and CS education involve interventions
where carefully designed errors or bugs are
intentionally placed in otherwise well-built
examples to draw the student’s attention to
a key concept, common error, or common
misconception (Griffin 2019).

Learning through effective practice

«19 » Most of us are familiar with the
expression practice makes perfect, but what
does education research have to say about
practice? The testing effect is a well-known
phenomenon. Researchers have found that
frequent quizzes provide retrieval practice
that helps students learn, retain, and trans-
fer knowledge. This is most successful if
tests are distributed over time, if they en-
gage learners in effortful recall rather than
rote memorization, and if feedback is given
(Brown, Roediger & McDaniel 2014; Dun-
losky et al. 2013; Roediger & Butler 2011).

«20» Some education researchers view
practice from a metacognitive perspective.
Annemarie Palincsar and Ann Brown (1984)
introduced the reciprocal teaching pedago-
gy, which guides teachers to explicitly teach
metacognitive strategies and encourage stu-
dents to practice these strategies. Mark Sin-
gley and John Anderson (1989) researched
the role of practice in developing the abil-
ity to transfer knowledge from one context
to another. Anders Ericsson and colleagues
introduced the idea of deliberate practice in
response to longstanding beliefs that exper-
tise is innate and that experts do not have to
practice much. Considering domains such as
chess, music, sports, and writing, they found
that a lot of time spent on practice does not
necessarily lead to progress. In order for prac-
tice to be effective it must have certain quali-
ties. Deliberate practice is focused, effortful,
and individualized by a teacher or coach to
address weaknesses and build strengths. Al-
though deliberate practice is usually not en-
joyable, people do it to master a domain (Er-
icsson & Charness 1994).

«21» Many computing teachers imple-
ment blocked practice. That s, they introduce
topic A and students practice topic A. Then
they introduce topic B and students prac-
tice topic B, and so on. Education psychol-
ogy researchers have found that distributing
practice over time and interleaving topics is
superior to blocked practice. It is also help-
ful to scaffold instruction from concrete to
abstract, to balance examples with problem
solving, to provide feedback, and to con-
sider students’ prior knowledge (Dunlosky
et al. 2013; Koedinger, Booth & Klahr 2013).
Regarding learning to program, a beginner’s
knowledge of programming is often fragile
(Perkins & Martin 1989). Practice correlates

positively with developing programming
skills (Douce, Livingstone & Orwell 2005;
Macnamara, Hambrick & Oswald 2014;
Ventura 2005). The Leeds group recom-
mends that teachers frequently give students
practice problems to develop automaticity
with basic programming skills (Lister et al.
2004). Kranch studied novice programmers
and argues that they need plenty of practice
with fundamentals (Kranch 2011). Unfor-
tunately, many beginning students say they
lack the time and motivation to practice
(Kinnunen & Malmi 2006).

Research questions
«22» The Background section dis-
cussed the three guiding principles for
de-constructionism. The first two principles
were introduced in earlier work: learning
from taking apart well-built examples and
learning from taking apart well-built exam-
ples with intentional errors (Griffin, Kaplan
& Burke 2012). This article provides theoret-
ical justification for those principles and for
a third principle: learning through effective
practice. The research questions that guide
this study are:
= How can a de-constructionist approach
be implemented in a programming class?
= What are students’ attitudes about this
approach?

Method

«23» I conducted a design-based re-
search study. Design-based research involves
iterative experimentation in authentic set-
tings such as classrooms; it typically involves
a curricular intervention in cooperation with
teachers (Brown 1992; Collins 1990).

““Design experiments have both a pragmatic
bent - ‘engineering’ particular forms of learning
- and a theoretical orientation — developing do-
main-specific theories by systematically studying
those forms of learning and the means of support-
ing them.”? (Cobb et al. 2003: 9)

I conducted a usability study, two pilot stud-
ies, and a semester-long experiment. Here I
report on parts of the semester-long experi-
ment, for which I designed web-based de-
constructionist practice problems for learn-
ing to program with Python.

http://constructivist.info/14/3/234.griffin
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Context and participants

«24 » The study was conducted in co-
operation with the CS department of an ur-
ban public research university in the north-
east United States. In 2015 the university
had ~28.5k undergraduate students: 51%
female; 11% Asian; 13% African American/
Black; and 55% White. The study involved
Professors Town and Park (pseudonyms).
Each taught two sections of an introductory
CS1-Python course with 87 undergraduate
students. Both CS majors and non-majors
attended the course. 15% of the students
were female; 24% identified as a (non-Cau-
casian, non-Asian) racial or ethnic minority.
I was the lab instructor and developed the
activities for the weekly labs.

«25» I developed a problem set for
each lab, starting in week 4, and iteratively
designed problems for the following week
for a total of ten labs. I used the Runestone
Interactive e-book system to create web-
based practice problems (Ericson, Guzdial
& Morrison 2015; Miller & Ranum 2014).
Runestone has a unique collection of com-
ponents that provide interactivity and real-
time feedback. In addition to components
for multiple choice and free-response ques-
tions, several components help students ex-
plore code through interactive code reading.
The clickable component (Figure 1) allows
the student to click on one or more sec-
tions of code, e.g., to identify key features
or bugs. Using the drag 'n drop component
(Figure 2), the user clicks and drags items
from one column to match items in another,
e.g., expressions and values. The codelens
component (Figure 3) provides program
visualization as the user steps through code
line by line (Cross, Hendrix & Barowski

sc-1-7: Click on all assignment statements.
def main():
X =4
for i in range(5):
y=1i
ify > 2:
print(y)

Check Me

You are Correct!

Figure 1 Clickable component.
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Match the language with its common file extension,

Java Py
Python java
<cpp
C++

e

Figure 2 « Drag'n drop component.

def listSum(numbers):
if not numbers:

Global frame

function
listSum{numbers)

tuple tuple

o |1 a
1 2

b

o |1
3 | None

return @ listsum
else: myList tuple
(f, rest) = numbers
- return f + listSum(rest) listSum
numbers
mylList = (1, (2, (3, Nene))) [
total = listSum(myList) rest
Edit this code
line that has just executed listSum
= next line to execute numbers
f|2
<Back Step 11 of 22 Forward > rest

Figure 3 « Codelens component (with online Python tutor).

Scaffolding for learning
to solve problems
for an individual topic

— ™~

Worked-out example Problem
Tutor
Correct Incorrect
Find error Design solution

Student . e —

tasks ST Discern*  Fixerror  Complete solution

or label \ I /
Tutor " Feedback

generally easier

*categorize, compare, identify, match, pattern match, predict,
reverse engineer, unpack, unscramble, etc.

Figure 4 « Model for de-construction.

generally harder
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2011; Guo 2013). With the Parson’s problem
component, the user re-orders scrambled
code (Parsons & Haden 2006). Several com-
ponents require students to write code. The
instructional designer may supply starter
code (to be completed or changed), or ask
the student to write code from scratch. The
author may also supply unit tests, to test the
user’s code and supply feedback. Practice
problems related to debugging can be cre-
ated with any of these components.

« 26 » To guide the instructional design,
I used the model for de-construction (Grif-
fin 2016), which I refined during the experi-
ment (Figure 4). I used practice problems
that generally progressed from easier ones
shown on the left side of the model (e.g.,
reading and tracing problems that require
explaining and labeling worked-out ex-
amples) to harder ones shown on the right
side of the model that require completing
code or writing code from scratch. Most
problems involved short code segments.
A problem set (one per lab) generally pro-
gressed from concrete to abstract. The series
of problem sets, which spanned multiple
weeks, incorporated distributed practice
and interleaving. Students worked on the
problems individually but could consult
with classmates, with me, or with my teach-
ing assistant. Students who finished before
the lab period ended were free to leave. A
student who completed all ten labs inter-
acted with 109 practice problems, averaging
approximately 11 per lab.

«27» The treatment group (Bugs) and
control group (NoBugs) were each com-
prised of two lab sections, one for each
teacher. The Bugs group got 22 practice
problems with bugs; the NoBugs group got
22 similar reading/tracing problems with-
out bugs. Thus, about 80% of the problems
were common, about 20% were specific to
condition. Debugging problems were gener-
ally introduced as follows. For a given topic,
problems with correct example code were
introduced first. Next, easy problems with
bugs were introduced, such as ones where
the bug location was shown, which the stu-
dent was asked to explain, categorize, or fix.
Then more difficult problems were intro-
duced, such as ones that required finding a
bug. (These are not hard-and-fast rules.)

Timeline

«28» The course spanned a 14-week
semester, with two 80-min lectures and
one 2-hour lab per week. Class time was
devoted to lectures, lab time to practice
problems. I met with the professors weekly.
They taught the same topics with the same
textbook and gave similar exams.

Instruments and procedures

«29» At the end of the semester, an
online survey was administered to gauge
students’ attitudes about the practice prob-
lems. It had the following Likert-scale
questions:

1 | Indicate your level of agreement with
the following statement: The “Inter-
active Python” e-book exercises dur-
ing lab helped me to learn Python
(strongly disagree, disagree, neutral,
agree, strongly agree)

2 | In general, I found the e-book exer-
cises to be: (too easy, about the right
level of difficulty, too hard)

3 | I recommend that in the future, the
labs have: (fewer e-book exercises,
about the same number, more)

41 Did you like the reading/tracing ex-
ercises? (strong dislike, dislike, neu-
tral, like, strong like)

5 | Did you like the writing exercises?
(strong dislike, dislike, neutral, like,
strong like)

6 | Do you think the reading/tracing
exercises helped you learn Python?
(not helpful, neutral, helpful, very
helpful)

7| Do you think the writing exercises
helped you learn Python? (not help-
ful, neutral, helpful, very helpful)

«30» The Bugs group got two addi-
tional questions, about liking and learning
from the debugging problems. Additional
instruments were administered to mea-
sure learning gains; related findings are re-
ported elsewhere (Griffin 2019). Through-
out the experiment I recorded researcher
memos and took field notes about students’
interactions with the practice problems in
the labs.

Results

«31» This section summarizes the re-
sponses to the post-attitudes survey.

Attitudes about overall learning,

difficulty, and quantity

«32» A majority of students respond-
ed positively about overall learning, dif-
ficulty, and quantity of problems (Table 1).
Of the 76 survey respondents, 92% agreed
or strongly agreed that the problems helped
them to learn Python, 88% thought the level
of difficulty was about right, 8% found them
too easy, 4% too hard. Regarding dosage,
62% recommended the same amount for fu-
ture courses, 10% recommended fewer, 28%
more.

Attitudes about liking the practice

problems

«33» A majority of students liked or
strongly liked each type of practice problem.
Seventy-five students responded to the ques-
tion about how much they liked the reading/
tracing problems. Of these 75 students, 83%
liked or strongly liked them, 8% disliked
them, 9% were neutral. Of the 76 students
who responded to the question about lik-
ing the code-writing problems, 87% liked or
strongly liked them, 3% disliked them, 8%
were neutral. The 39 students in the Bugs
group responded about liking the debugging
problems, 69% liked or strongly liked them,
5% disliked them, 26% were neutral.

Attitudes about learning from the

practice problems

«34» A majority of students thought
both the reading/tracing and the writing
problems helped them to learn, while 38%
thought so about the debugging problems.
Of the 76 students who answered the ques-
tion about learning from the reading/tracing
problems, 82% thought they were helpful
or very helpful, 3% thought they were not
helpful, 16% were neutral. About the code-
writing problems, 96% of 76 respondents
thought they were helpful or very helpful, 1%
thought they were not helpful, 3% were neu-
tral. For learning from debugging, an extra
response category was added (Detrimental)
because the review of the literature suggests
that some think errors may deter learning.
Of the 39 students in the Bugs group who
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Helped me Disagree
learn Python 1%

Level of Too hard
difficulty 4%
Amount of Recommend fewer
practice 10%

Recommend more

Not sure Agree / strongly agree
1% 92%

Too easy About right
8% 88%

About the same

28% 62%

Table 1« Overall attitudes about the practice problems (N=76 respondents).

responded, 38% thought they were helpful
or very helpful, 15% thought they were not
helpful, one student (3%) thought they were
detrimental, 44% were neutral.

Discussion

«35» This design-based research study
implemented and further developed the
emerging pedagogy of de-constructionism.
In a 10-week intervention with a quasi-
experimental design, undergraduates in a
Python programming class solved sets of
practice problems designed with a de-con-
structionist approach. This approach em-
phasizes ample practice with taking apart
well-built examples, some of which have
intentional bugs. Before writing code for a
given topic, students engaged with interac-
tive reading and tracing code by explaining,
comparing, identifying, labeling, matching,
tracing, and unscrambling. The treatment
group got some problems with intentional
bugs.

«36 » The study sought to understand
students’ attitudes about learning with a de-
constructionist approach. According to the
post-attitudes survey, a majority of students
liked each type of practice problem (for
reading/tracing, writing, and debugging).
While a majority of students thought the
reading/tracing and writing problems were
helpful for learning, only 38% thought so
about the debugging problems. Further re-
search is warranted to determine if it is use-
ful to help students see the potential benefits
of learning from intentional bugs, such as to
help one become aware of common errors
and learn how to repair them.

«37» As the lab instructor, I observed
that students” interactions with the practice
problems were generally smooth; they ap-
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peared motivated to complete the problem
sets. I was assured that all students who
attended the lab interacted with the key
course concepts. Students appreciated the
immediate feedback and the chance to re-
try until they completed a problem success-
fully. Approximately a third to half of the
students finished during the first hour of the
2-hour lab period. Usually several took the
entire period.

«38» As the instructional designer, my
experience with Runestone Interactive was
generally positive. Despite being a fledg-
ling system, it is reliable and responsive,
and has a rich variety of components. Cre-
ating the practice problems was somewhat
laborious. It required encoding them with
the reStructuredText language, but Rune-
stone is evolving to streamline this pro-
cess. I found that implementing distributed
practice and interleaved practice was more
difficult and time-consuming than imple-
menting blocked practice. Blocked practice
is straightforward: teach a new topic, give
practice on that topic; repeat. Storing prob-
lems for blocked practice is also straight-
forward - simply organize them by topic.
Distributed and interleaved practice involve
decisions about when and how to inter-
sperse prior topics with new topics during
practice. Decisions about storing them can
be complicated, e.g., if the order of topics
may change.

«39» As the researcher, in some re-
spects it was beneficial for me to also have
the roles of lab instructor and instructional
designer. This was an early-stage, explor-
atory study that implemented the Model
for de-construction for the first time (Fig-
ure 4). The lab exercises were iteratively de-
signed, weekly, based on observations from
the previous week; adjustments were made
regarding the quantity and difficulty level

of the problems, the balance of problems
(with respect to reading/tracing, debug-
ging, writing), and choices of Runestone
components. In future studies, having two
or three people perform these roles would
be advantageous.

« 40 » Future plans include incorporat-
ing constructionist activities into the lab pe-
riod. Rather than having students leave when
they finish the problem sets, students could
work on creative projects. Ideally the rubrics
would be such that students who need more
time to master the practice problems are not
penalized for having less time to work on
creative projects. This approach is common
with the mastery learning approach (Bloom
1968; Griffin, Pirmann & Gray 2016). Un-
fortunately, many CS professors are unac-
customed to designing rubrics for creative
projects, such as the professors in this study
who have doctorates in mathematics and
computer science. Guidelines for developing
rubrics for creative CS projects are available
(Cateté, Snider & Barnes 2016). Introducing
constructionism into such learning environ-
ments would be valuable for both teachers
and students. Students could have motivat-
ing design experiences, and teachers could
learn how to design, manage, and evaluate
creative projects.

«41» Additional future plans include
adding appealing graphics and gamification
elements. Gamification can have positive
effects with respect to student motivation
and learning outcomes (Hamari, Koivisto
& Sarsa 2014). A priority would be to add
these elements to the debugging and read-
ing/tracing activities, since students al-
ready view writing code as a worthwhile
activity. Having students collaborate on
de-constructionist activities, e.g., with Pair
Programming, is worth exploring. Also de-
sirable would be to differentiate instruction
based on prior experience and/or demon-
strated mastery.

« 42 » The constructionist/de-construc-
tionist dialectic is useful for teachers and in-
structional designers, but it is not all-inclu-
sive. Other pedagogies are also important,
such as ones that teach problem-solving, or
systematic approaches to debugging. While
this study explored de-constructionism as it
applies to learning programming, it can be
implemented for a variety of subjects with
physical and/or conceptual elements.
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Conclusion

«43»  Constructionism encourages
experiential learning, where people create
things that are personally meaningful and
share them with others. Constructionism is
aligned with the constructivist philosophy
— as learners build computational artifacts,
they build knowledge in the constructivist
sense (Papert & Harel 1991). Construction-
ist learning environments are motivational
but insufficient in settings where broad
topic coverage, skill-building practice,
and essential troubleshooting skills are re-
quired. In this article, I introduced de-con-
structionism as a pedagogy that is opposite
yet complementary to constructionism.
The de-constructionist approach involves
ample, effective practice with taking apart
well-built examples, some of which have
intentional bugs. The experiment described
here serves as a successful proof of concept
for implementing practice problems de-
signed with a de-constructionist approach.
More research is warranted to discover if
and how de-constructionist approaches
may be applied alone or in combination
with constructionist approaches for teach-
ing a variety of topics.
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Open Peer Commentaries

on Jean Griffin’s “Constructionism and De-Constructionism”

De-Constructionism:
An Effective Premise
to Constructionist Learning

Mihaela Sabin
University of New Hampshire, USA
mihaela.sabin/at/unh.edu

> Abstract - As the name suggests, a
de-constructionist pedagogy motivated
by structured practice to develop skills
and troubleshoot errors is opposite to
constructionist approaches. And yet the
model for de-construction proposed by
Griffin affords complementarity to con-
structionist teaching and learning of
introductory computer science at col-
lege level. In my response | ask questions
about possible model implementations
that facilitate complementary construc-
tionist activities naturally progressing
from their de-constructionist counter-
parts.

«1» Learning to program is founda-
tional in college-level computer science
programs. In Seymour Papert’s vision, pro-
gramming is a means for learning by which
students “embark on an exploration about
how they themselves think” while they
teach “the computer how to think” (Papert
1980: 19). The application of construction-
ism to learning computer science (CS) with
programming tools, however, faces unique
disciplinary challenges. In the absence of a
preconceived mental model of how a com-
puter works, CS learners are at disadvan-
tage when they try to make viable cognitive
structures informed by what they already
know. In particular, as Mordechai Ben-Ari
points out, “[tJhe computer science student
is faced with immediate and brutal feedback
on conclusions drawn from his or her inter-

CONSTRUCTIVIST FOUNDATIONS VOL. 14, N°3

nal model” (Ben-Ari 1988: 259). To make
deeper sense of the feedback given by the
computer, CS learners need to construct a
viable mental model that helps them pre-
dict the computational outcomes of their
constructionist artifact - the program they
want to write, debug if it has errors to make
it work, and then to use it to create more
sophisticated programs that implement cre-
ative designs.

«2» Understanding how to program
and achieving programming fluency cannot
avoid this essential question: what are the
abstract properties of the computing ma-
chinery that we control through program-
ming in a particular language? Benedict du
Boulay (1989) named these abstractions a
“notional machine” to refer to an idealized
abstraction of a computer (including com-
puter architecture and characteristics of the
runtime environment that executes a pro-
gram). In contrast to other disciplines where
students’ experiences with phenomena are
a springboard for making sense of things in
a personal way, computer science and pro-
gramming have concepts that are particular-
ly difficult for novice programmers because
alternative interpretations misrepresent the
notional machine and lead to unproductive
and frustrating learning of programming
(Ben-Ari 1998; Sorva 2013). What compli-
cates matters is that the status quo of teach-
ing introductory CS is generally missing the
importance of the core idea of notional ma-
chine, as noted by Juha Sorva (2013):

“¢[T]he big picture of how programs work at
runtime does not get quite the attention it de-
serves in the light of learning theory and empiri-
cal evidence.”’ (Sorva 2013: 26)

«3» Griffin’'s model for de-construction
(526) uses practice problems that scaffold
learning to code from reading and tracing

code examples to completing and writing
code from scratch. In her design-based re-
search study, students (N=87) practiced
coding during ten weekly 2-hour labs by
solving problem sets with problems pro-
gressing from concrete to abstract. Students
in the treatment group (N =39) had two lab
sections focused on learning from inten-
tional errors and bugs, which were scaffold-
ed from explaining, categorizing, and fixing
already-identified bugs to finding and fixing
intentional errors. The model responds to
an increasing body of research in comput-
ing education about students’ struggle in
introductory programming courses to form
useful conceptions of fundamental concepts
(Sleeman et al. 1988; du Boulay 1989; Ma
2007; Sorva 2008; Kaczmarczyk et al. 2010).!
Common to their struggles are activities
dominated by “try-it-and-see-what-hap-
pens” or endless debugging on which learn-
ers cannot build their own understandings
of what failed and why.

«4» The implementation of the pro-
posed model had exercises that were de-
signed iteratively, based on observations
of students’ interaction with the practice
problems. The author “was assured that all
students who attended the lab interacted
with the key course concepts” (§37). Does
this mean that those interactions scaffolded
the construction of the powerful idea of how
a program works and gets executed? Visu-
alizations with codelens and tracing code by
hand are activities that the model supports
and seem quite adequate to help learners
make concrete the abstract concepts of vari-

1| See also the paper “Parameter passing:
The conceptions novices construct” presented by
Sandra Madison and James Gifford at the Annual
Meeting of the American Educational Research
Association in Chicago, 24-28 March 1997.
https://files.eric.ed.gov/fulltext/ED406211.pdf
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ables and memory data storage, execution
flow, and control structures. To what extent
did learners’ experiential activities help with
building cognitive structures related to the
notional machine? (Q1) I hypothesize that
having built such structures, students might
become more effective programmers, be
more efficient in finding and fixing bugs,
and write more sophisticated code.

«5» In pursuit of building the mod-
el's complementarity with constructionist
teaching and learning, I find it important to
highlight the learning context in which de-
construction materials of worked examples
and well-formed practice problems afford
learners interactive activities of explaining,
labeling, discerning (in various forms), fix-
ing errors, and producing full solutions. The
tangible objects that mediate these activities
are of fine granularity - coding statements,
execution states, activation frames, error
messages, and building blocks, which are far
removed from materials that spark creativ-
ity and satisfy personal preferences. More
simply, de-construction materials do not
bring about or give form to microworlds.
The question is: What in the model of de-
construction has the potential to engage CS
learners in tinkering with atomic units of
computation (whether a line of code or vari-
able value) and motivate them to care about
what they discover (missing statement, cor-
rect order of statements, or bug fix)? (Q2)

«6» The authors future plans that
might investigate this question include the
addition of “appealing graphics and gami-
fication elements” to the debugging and
reading/tracing activities, and “[h]aving
students collaborate on de-construction ac-
tivities, e.g., with Pair Programming” (§41).
I find the latter direction of future research
indispensable to creating constructionist
conditions for student learning. In her ex-
amination of the views of constructivism,
constructionism, and social-constructivism,
Edith Ackermann (2004) stresses the impor-
tance of inter-personal relations to learning
from experience by pointing out Lev Vygot-
sky’s emphasis on “how shared cultural arti-
facts are used to help mediate” self-directed
learning (Ackermann 2004: 22). In the
context of de-constructionist pair program-
ming, what social interactions are possible
and how are they integrated with individual
practice activities? (Q3)

«7» Bringing constructionism to col-
lege-level education, including CS, is long
overdue (Sacristan et al. 2018). Griflin’s
model of de-construction provides a famil-
iar starting point or “low floor” for teachers
who value and have experience with worked
examples (Morrison, Margulieux & Guzdial
2015) and practice problems tailored to ad-
dress known misconceptions (Kaczmarczyk
et al. 2010). The model’s complementarity
with constructionism has the potential to
guide in the discovery of the “high ceiling”
of much needed applications of construc-
tionism in CS higher education.
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Deconstructionism — We Do
Need More Success Stories

Pavel Boytchev
Sofia University, Bulgaria
boytchev/at/fmi.uni-sofia.bg

> Abstract - Deconstructionism in edu-
cation is a powerful approach, which is
still insufficiently researched. Griffin’s
presentation of the pedagogical aspect
of deconstructionism is a success story,
which may inspire others. Having expe-
rienced some of the issues, | also provide
examples from my own practice.

«1» This commentary starts with a
confession. Five years ago, I presented the
concept of deconstructionism in education
at the International Constructionism Con-
ference in Vienna (Boytchev 2014). I was
scared, as I was about to present a concept
seemingly antagonistic to the main topic of
the conference. The notion of deconstruc-
tionism had only been applied to philosophy
and art (Boytchev 2015b: 367). Yet, decon-
struction had been used in education for
years, but has not been explicitly named and
extensively researched. The scare quickly
turned into happiness, as deconstruction-
ism gained the attention of other research-
ers. Thus, this confession is my thank-you
to Jean Griffin for providing examples of de-
constructionism in the context of pedagogy.

«2» Griffin  describes several ap-
proaches based on deconstructionism. Tak-
ing apart machines and appliances ($6), i.e.,
reverse-engineering, is one of the manifesta-
tions of deconstruction, as I have mentioned
(Boytchev 2015a: 361). The mechanical dis-
section (§$8-10) is an accurate application of
deconstructionism, although the word “dis-
section” is misleading. Dissection in medi-
cine is a destructive process, as the topic of
study or research is destroyed. Griffin, how-
ever, makes it clear that mechanical dissec-
tion includes [dis]assembling, re-assembling
and developing (§$8-10). The Tod Phod Jod
approach is very promising. It openly utilizes
the deconstructionist approach. Griffin de-
scribes that Tod Phod Jod relies on “fun and
intellectually stimulated experience” (§11).
This leads me to my first question: What
about considering deconstructionism as one

CONSTRUCTIVIST FOUNDATIONS VOL. 14, N°3

of the inborn human behaviours, just like cu-
riosity, creativity, etc? (Q1)

«3» Worked examples are another ap-
proach and I agree with the conclusion that
learning is obstructed by cognitive overload
(§13). Problems caused by excessive cogni-
tive load or a cognitive barrier occur in the
deconstruction phase (Boytchev 2015a: 362).

«4» In the context of programming
code, comprehension must precede or occur
at the same time as code writing (§16). This
conclusion fits with how deconstruction
and constructions are coupled. Understand-
ing programming code is a deconstruction
process, while writing code is construction.
Interactive environments and the codelens
component, described by Griffin in §25,
provide support for faster and more active
code comprehension.

«5» Programming topics are fruitful
for learning from code and, especially, from
intentional errors in the code (§§17f). Grif-
fin provides sufficient references as to why
this practice is controversial. My personal
experience supports the positive impact of
learning by mistakes — both intentional and
unintentional mistakes. This approach is
embedded in all my courses. One of them,
called “Fundamentals of Computer Graph-
ics” (FCQ), has errors distributed in many
of the lecture notes. This pulls students away
from their default “write-only” mode - this
is the tendency for students to take notes
and to unconditionally soak up whatever
information is presented during classes. In
this respect I support Griffin’s intention to
collect more evidence about the potential
benefits of learning from errors ($36).

«6» Let me recall my early years as a
freshman. I enrolled in martial arts classes.
The first few months we practiced only how
to fall on the tatami in the least painful way,
and how to get up immediately. Teaching
martial arts has been fine-polished and opti-
mized for many centuries; teaching program-
ming has barely half a century of experience.!
Can teaching programming learn from
teaching martial arts? Do we need to teach
students how to recover when their programs
break down?

1| See Everett MurdocKs lecture notes “His-
tory, the history of computers, and the history
of computers in education,” https://web.csulb.
edu/~murdock/histofcs.html

«7» Idream of a discipline that not only
teaches the correct science, but utilizes the
education power of historical misconcep-
tions, failures and dead-ends. For example,
in FCG there are historical sections about the
catenary curve, studied in 1638 by Galileo,
Jungius and Huygens (Kacmarynski 1931:
1). The curve is based on the hyperbolic co-
sine, but Galileo had mistakenly claimed that
it was a parabola (Sonar 2018: 331). Another
historical event is the origin of Bézier curves,
developed by Paul de Casteljau, but named
after Pierre Bézier (Vince 2006: 125) because
of academic publishing problems.

«8» Griffin’s experience in implement-
ing deconstructionism as a pedagogy ap-
proach in learning a programming language
is another interesting example of why and
how deconstructionism is beneficial to edu-
cation as much as constructionism is. How-
ever, I want to bring up a reminder about
the importance of the careful designing of
educational materials. Programming differs
from Math at least in one vital aspect — most
programming problems have many solu-
tions — both completely distinct and brutally
correct at the same time. This means that a
“simple” task like that of locating the exact
position of a bug may have multiple correct
answers. Worked-out incorrect examples are
a powerful arsenal, but they are risky for the
teacher and for the students. This is also illus-
trated in Griffin's model for deconstruction,
shown in Figure 4 in the target article and
described in §26. All students” tasks within
worked-out correct examples (“Explain or
Label” and “Discern”) could also be accessed
via worked-out incorrect examples. The op-
posite is not correct. The “easier-harder” axis
is important as it shows that problems with
correct examples are easier than problems
with incorrect examples even if they tackle
the same student task.

« 9 » The design of suitable problems for
the students is a difficult activity. It relies on
empathic deconstruction. The teacher must
foresee the deconstruction processes in stu-
dents’ minds in order to minimize potential
failure during the deconstruction at lab-time.

«10 » The research conducted by Grif-
fin shows positive results. However, I would
be more cautious about the conclusions ex-
tracted from the survey (§36). Such ques-
tions have an inherent risk of subjectivity. I
would suggest the author follow up the aca-
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demic development of these students and
find out whether they have started using
Python (of their own accord) in their other
classes.

«11» Deconstructionism in education
is heavily supported by technology. Griffin
describes the advantages and disadvantages
of using software like Runestone Interactive.
I have similar experience with other soft-
ware and 15 years ago I went along another
path by deconstructing the educational soft-
ware, and then reconstructing it by myself.
This path is hard but it provides the freedom
to create what you need and the confidence
that you can do it when you need to. This is
also related to Griflin’s plan to introduce ap-
pealing graphics and gamification elements
(§41). All my courses are “deluged” by my
own graphics and interactive 3D models.

«12» Since 2018 the FCG course has
been enriched by a gamified virtual envi-
ronment called Meiro (Lekova & Boytchev
2018), which is used to present concepts dur-
ing lectures and for self-education at home.

«13» Figure 1 shows thumbnails of a
few hundred 3D models (left) and larger
snapshots of the Meiro environment (right).
The next version of the virtual environment
will have gamified modules for (self-)evalu-
ation and (self-)assessment (Boytchev &
Boytcheva 2018). The gamification of Meiro
is in the frame of the national project “ICT in
Science, Education and Security””

Figure 1« The Meiro environment.

«14» 1 agree with Griffin’s conclusions
that deconstructionism as a pedagogy is
complementary to constructionism, and
that the described experiment is a proof of
the concept (§43). This commentary started
with a confession, and ends with a request
for a confession. Knowing a tool (any tool,
either hardware, or software, or brainware) is
complete, when you know when you should
not use this tool. So, my second question is as
follows: Have there been situations in which
deconstructionism had a negative impact on
the learning or on the learners? (Q2)
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Constructionist Space Should
Be Inclusive, Non-Dogmatic
and Open to Multiple Sources

James E. Clayson
American University of Paris, France
james/at/clayson.org

> Abstract - Reading  Griffin’'s  clearly
written article has led me to think about
some questions that | would like to ad-
dress particularly to members of the con-
structionist community. Constructionists
have never sufficiently outlined a proper
theory of learning; they have failed to
document and report on their successes
and failures in the classroom, thus mak-
ing evaluation of their project difficult,
and they sometimes seem unwilling to
learn across disciplinary boundaries.

Theory, theorists and narrative

«1» Jean Griflin’s article follows an ear-
lier article by Pavel Boytchev (2015) that
also addressed the notion of construction-
ism versus deconstructionism. Her open-
ing argument is that physical manipulations
might be usefully characterized as either
putting things together (construction) or
taking things apart (deconstruction). She
then goes on to infer that this strict dichot-
omy observed in external events must also
occur inside the body and mind.

«2» I question whether the author has
perhaps made a “category error” by moving
characteristics from one space to another
without offering supporting evidence. For
constructionists any manipulation of objects
- whether in a constructive or deconstruc-
tive sense — can facilitate the construction
of new knowledge. There is no dichotomy,
and therefore Griffin's new theory of learn-
ing, called deconstructionism, would seem
redundant.

«3» However, Griffin is right in open-
ing up a discussion of learning theory be-
cause we constructionists tend to neglect
it in favor of practice. We constructionists
should be asking ourselves: why are we so al-
lergic to theory when it can help us test and
improve educational approaches?

« 4 » If we did spend more time discuss-
ing theory, we might see the irony in con-
tinuing to privilege what comes from an elite

CONSTRUCTIVIST FOUNDATIONS VOL. 14, N°3

group of professional researchers over the
narratives of students about their personal
learning experiences.

«5» Seymour Papert (1991) came down
clearly on the side of the student as theorist.
He stated that when an individual builds
and uses external artifacts to explore prob-
lems or issues, this activity can facilitate in-
ternal learning. It must be done, he said, in a
public space and made sharable with others.
As a teacher, I too have always assumed that
to make artifacts understandable to others
meant that they must first be understand-
able to the builder (Clayson 2018). Thus, the
student builder becomes the principal actor
in their own construction of knowledge and
theory. The question of who should be en-
couraged to build theory is one of the most
important unanswered questions in the con-
structionist community. My feeling is that
we need everybody to be involved. We are
all learners; we are all theorizers.

« 6 » Thinking more actively about who
should build learning theories should also
make us reconsider what kinds of learning
we should be theorizing about.

«7» Most learning research takes place
in schools. But what about other kinds of
learning that might also be studied? Thomas
Kuhn (1970), the historian and philosopher
of science, introduced us to the importance
and necessity of studying the critical times
when old paradigms break down, new para-
digms emerge, and scientists move on in
new directions with renewed vigor and im-
petus.

«8» This kind of paradigm shift also
happens to individuals at the personal level.
For example, consider Seymour Papert’s
“personal gear story” (Papert 1982). Pap-
ert’s love and obsession with the tiny gears
of a toy car given to him by his father was a
transformative event for the boy, which led
him to explore and later “discover” many of
the big constructionist ideas, such as simula-
tion, body synchronicity, debugging and re-
structuration. Why haven’t constructionists
been able to integrate Papert’s and others’
personal learning stories into their overall
theory of learning?

«g» Is it because we feel we must al-
ways move forward with “working to scale”
and therefore tend to avoid idiographic
study? For constructionists to gain a better
understanding of transformative events, and

to revalue their significance to individuals,
we need to listen to what psychologists and
sociologists can tell us (Turkle 2007, 2011;
Bollas 1987). Their literature is rich with re-
search on how narrative psychology, trans-
formative events and objects, and the role of
personal constructs can influence learning.

Constructionist/instructionist: False

dichotomy

«10» Griffin's second argument is
that constructionist courses, because they
rely solely on student-directed exploration
where learning - if any - is serendipitous,
cannot be used for courses, especially in sci-
ence and math, that address normative lists
of skill and idea outcomes. She seems to im-
ply that only instructionist courses can ef-
fectively teach to measurable outcomes.

«11» I do not feel that this is a proper
reading of constructionist ideas and litera-
ture. For example, we have this clear state-
ment from Wallace Feurzeig, one the pio-
neers of constructionism:

“% Constructionists want to build a critical mass
of citizens who reject false and misleading edu-
cational dichotomies, who support instead the
creation of learning environments that integrate
the constructive ideas on both sides of tradition
and reform, structure and freedom, knowledge
and creativity, instruction and construction.”’
(Feurzeig 2010: 18)

It is evident that constructionist teachers -
like all good teachers — are expected to be
non-dogmatic and to blend instructionist
and constructionist tools as appropriate.
«12» The problem as I see it, and high-
lighted by the questions raised in Griffin’s
target article, is that we constructionist
teachers have never fully documented and
broadcast our mixtures of instruction and
construction in high-school and university-
level courses with clearly stated outcomes.

Problem sets and constructionist

texthooks

«13» Griffin ends her article by giving
an example of a computer science course
that requires students to mix their building
of new Python programs with close analy-
sis of successful and less successful code
snippets written by others (§$22-41). She
labels this analysis of others’ programs as
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“deconstructionist” She compares, using
very simple student satisfaction measures,
the deconstructionist-augmented course
with those traditional Python courses that
lack such activity. She finishes the article by
claiming that the positive results from her
one experiment are a kind of “proof of con-
cept” for her constructionist versus decon-
structionist notions (§42).

«14» It seems to me that this is pretty
standard fare for good pedagogy. It puts
learning of new tools into contexts that are
meaningful to both students and teachers.
But what is missing from this account is the
teacher’s role as a participant in all collective
learning experiences. For constructionists,
learning in a public space requires every-
one, including the teacher, to solve assigned
problems, show how they did it, justify their
approach, and be willing to engage in a gen-
eral critique.

«15» Once again, responsibility lies
with constructionists themselves. Why have
we not produced teaching materials that
privilege this collective endeavor, in which
the teacher is an equal and active player in
knowledge building? By relying on teach-
ing materials that, by default, suggest that
there is only one good approach, we are
self-limiting our capacity for creativity and
innovation.

Deconstruction: Where is Derrida?

«16 » The final question prompted by
the target article deals with the word “de-
constructionism” Like the proverbial el-
ephant is the room, it makes no sense to talk
about deconstructionism without at least
mentioning the contemporary philosopher,
Jacques Derrida, whose life’s work was de-

fining deconstruction. Students in the hu-
manities and social sciences are familiar
with Derrida, whose use of the word “de-
construction” has entered world languages.
However, I fear that many constructionists
are not.

«17 » Derrida (1985) proposed the radi-
cal notion that all texts are subject to unlim-
ited interpretations and, hence, are subject
to unresolvable ambiguities. Therefore, he
seems to be suggesting that we can choose
whatever reading is most useful to us, while
acknowledging that this is only one possible
choice among many. A similar view was es-
poused by George Kelly, the constructivist
psychologist who developed the notion of
“constructive alternativism” (Kelly 1955).

«18» To overlook Derridas immense
contribution to the notion of deconstruc-
tion is emblematic of our academic isolation
from other disciplines. For constructionists
to focus almost exclusively on science and
math, without recognizing that social sci-
ences, humanities and the arts also contrib-
ute to our mission is a major loss. How on
earth can we talk about and build theories of
learning without being informed by devel-
opments in other disciplines?
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Author’s Response
De-Constructionism:
Practice, Examples, Bugs

Jean M. Griffin
Temple University, USA
jeaniacgriffin/at/gmail.com

> Abstract - This response clarifies what
de-constructionism is and explains how
it differs from, complements, and to
some extent overlaps with construction-
ism. It clarifies the distinction between
the terms de-construction and decon-
struction, and discusses student motiva-
tion and social interaction.

«1» Seymour Papert’s protégé Idit
Harel describes constructionism as follows:

¢ Seymour coined the term to advance a new
theory of learning, claiming that children learn
best when they

1. use tech-empowered learning tools and compu-
tational environments,

2. take active roles of designers and builders; and
3. do it in a social setting, with helpful mentors
and coaches, or over networks.””!

«2» De-constructionism complements
constructionism and is applicable to stu-
dents of all ages. It has three guiding princi-
ples: provide ample, effective practice; guide
students to deconstruct well-built examples
in ways that promote metacognition; and
develop negative knowledge by carefully
crafting intentional bugs.

«3» Motivation is an important dimen-
sion of learning. To answer Mihaela Sahin’s Q2,
the model for de-construction focuses on
cognition rather than motivation. One way
to address motivation is to pair de-construc-
tionist activities with constructionist ones.
Another way is to give students interesting
things to deconstruct — well-built things that
students are excited to learn about. These can
be big things or physical things; they need
not be limited to code segments as used in
this study. Yet another way to foster motiva-

1| “A glimpse into the playful world of Sey-
mour Papert” by Idit Harel, EdSurge, 2016. https://
www.edsurge.com/news/2016-08-03-a-glimpse-
into-the-playful-world-of-seymour-papert

CONSTRUCTIVIST FOUNDATIONS VOL. 14, N°3

tion is to gamify the experience with rewards
such as points, levels, or badges.

«4» Social interaction is another im-
portant dimension of learning that is critical
to constructionism. Again, one way to ad-
dress social interaction (Sabin Q3) is to pair
de-constructionist activities with construc-
tionist ones. This can also be accomplished
through competitions or with a variety of
collaborative approaches used in CS educa-
tion. For example, with Pair Programming,
students take turns using the computer key-
board. With Peer Instruction, the teacher
poses a multiple-choice question. Students
vote for an answer, discuss the question with
their classmates, and vote again. Then the
teacher reveals the correct answer. When
designing Pair Programming or Peer In-
struction activities, instructional designers
can use the model for de-construction as a
guide. POGIL (Process Oriented Guided In-
quiry Learning) uses structured small-group
learning where each student is assigned a
role (e.g., manager, recorder, reporter). The
group is guided to explore (deconstruct) a
model via a series of questions, and then
apply what they have learned by complet-
ing challenges. A contribution that de-con-
struction makes to supplement POGIL is its
emphasis on practice.

«5» I agree with the hypothesis that the
de-constructionist approach can promote
learning (Sahin Q1). Typically, learning is
measured with pre/post assessments, where
learning gains are calculated as the differ-
ence between pre-test and post-test scores
(individually for each student or in aggregate
for a collection of students). The challenge
with evaluating de-construction is that it has
so many components. Not only does it pro-
mote a variety of techniques (e.g., explain-
ing, labeling, comparing, completing), it also
promotes variation in practice (concrete-
to-abstract, distributed, interleaved). This
makes it challenging to design a controlled
study. If there are differences in learning
gains between a de-construction group and
a control group, to which of these features
can the differences be attributed? There is
also the longitudinal factor - designs learned
through de-construction may only prove
useful much later during a design process.
Because of these complexities I conducted
an experiment to evaluate just one aspect of
de-construction - learning from intentional

bugs. Within the study described in this tar-
get article, I conducted an experiment where
half the students got some practice problems
with bugs while the other half got similar
problems without bugs. Learning gains were
measured with a pre/post placement test
and exams. This experiment is discussed in
a forthcoming article (Griffin 2019) based
on my dissertation (Griffin 2018), accompa-
nied by a collection of design principles to
supplement the model for de-construction
presented in this target article.

«6» To answer Pavel Boyichevs Q2
about whether there have been situations
in which de-constructionism has had a
negative impact, I will share a personal ex-
perience. Several years ago, my team devel-
oped practice problems called Debugems™
that challenged students to find and fix
bugs. When we gave them to advanced
high-school students in a five-week sum-
mer program, the students enjoyed the
challenge, especially because they involved
animations with dramatic themes and the
bugs had humorous consequences. When
we gave the same problems to another
group of high-school students - economi-
cally disadvantaged ones participating in
short workshops - these students found the
problems to be too difficult. Some would
say that this was due to cognitive overload.
I became aware that in this context, asking
students to find and fix bugs was too dif-
ficult. It had the negative consequence of
discouraging the students unnecessarily.
To address this concern, I designed alter-
native activities similar to treasure hunts
that provided more scaffolding. I created
fun animations with code that the students
were not yet capable of writing on their
own. Students were guided to explore the
code and answer challenging questions
about it. These Exploreems provided more
scaffolding than the Debugems™ and the
students enjoyed them (Griffin, Kaplan &
Burke 2012). In the model for de-construc-
tion, Exploreems would fall on the easier,
left-hand side of the model, with the un-
derstanding that it is certainly possible to
create some Debugems™ that are easier to
solve than some Exploreems.

«7» It is worth discussing the dif-
ferences
deconstruction. As to whether the impulse
to deconstruct - take things apart - is an in-

between de-construction and
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born human behavior like curiosity or cre-
ativity (Boytchev Q1), I am inclined to think
so, but I will leave that for developmental
psychologists to debate. I appreciate that
James Clayson (§$16-18) mentions Jacques
Derrida. Although I refer to Derrida in my
dissertation (Griffin 2018) I did not do so
in my target article. Derrida’s philosophy of
literary deconstruction is well established.
This makes it problematic to use the term
deconstructionism in another sense, as a
pedagogy complementary to construction-
ism, as I initially did in 2012 (Griffin, Ka-
plan & Burke 2012: 4). I now use the term
de-construction to clarify the distinction.
«8» Although
learning-by-taking-apart approach stands
in contrast to constructionism, it makes ex-
plicit some of Papert’s ideas and values that
are frequently overlooked. For example, Pa-
pert valued learning by taking things apart.
He recounted transformative childhood
experiences of taking apart gears (Papert
1980). De-constructionism explicitly high-
lights learning-by-taking-apart by promot-
ing specific techniques informed by cogni-
tive psychology. These include explaining,
labeling, comparing, discerning, and com-
pleting. Papert also viewed debugging as a
powerful idea (ibid). De-constructionism
explicitly promotes learning from bugs and
the acquisition of negative knowledge, not
just by learning from one’s own mistakes,
but by interacting with carefully designed
intentional bugs. It also emphasizes effec-
tive practice, which is not addressed by con-
structionism. Practice with taking things
apart and negative knowledge are critical in
learning environments intended to develop
technical expertise. Thus, although de-con-
structionism overlaps with constructionism
to some extent, it is not redundant (Clayson
§2), and there is not a strict dichotomy be-

de-constructionism’s

tween the two paradigms (Clayson §1). Al-
though constructionism was designed for
young children, some argue that bringing
it to older students is warranted (Lauril-
lard 2002; Sacristan et al. 2018). Combining
constructionism with de-constructionism is
an effective way to bring constructionism to
older students.

«9» Clayson’s remarks (§10) about in-
structionism indicate a misunderstanding. I
am a big fan of constructionism, especially
in science and math courses. In settings
where it is important for students to develop
technical expertise, however, pairing it with
de-construction will achieve the goals of
topic coverage and skill development bet-
ter than constructionism alone. To clarify,
characterizing de-constructionism as oppo-
site to constructionism (e.g., in the title of
the target article) refers to the opposing ap-
proaches of learning-by-making and learn-
ing-by-taking-apart. This is a commonsense
distinction that is accessible to teachers.
De-constructionism is not meant to cham-
pion what Papert disdained about the ways
in which math is typically taught in schools,
devoid of personal utility, or thingness, or in-
terest — all aspects of instructionism (Papert
1993, 1996). De-constructionism is inspired
by hands-on activities with concrete things
- by reverse engineering, mechanical dis-
section, and Tod Phod Jod. The main idea
is to give students exposure to well-built ex-
amples that are relevant to them, which they
can assimilate as design patterns and use
later for their own constructions.
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