FINDING LEARNING IN ‘OFF TASK’
BEHAVIOR: ARTIFACTS, AGENCY AND

SECOND STIMULI
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In my Grade 9 algebra course, David, Stacy, Melissa, and
Tyler [1] have just begun working on the ‘window problem’
shown in Figure 1. Melissa has a large piece of paper in front
of her. The problem statement is written at the top of this
paper and the rest is blank. The problem statement is also
projected on a whiteboard.

The problem session starts with Melissa reading the prob-
lem out loud to the group. Soon, the group fractures.
Melissa, Stacy, and Tyler orient to each other and to their
shared paper. They pursue a ‘unit rate’ strategy, which
involves finding the unit rate associated with each (window,
cost) pair, and using that rate to make a prediction about the
cost of five windows. The three students remain generally
oriented towards each other and their shared paper, and they
use academic language to discuss their strategy.

David, however, is doing something very different. His
gaze is outside of the group, on the whiteboard. He points to
the board. He mutters to himself. He moves his fingers
rhythmically, up and down. The co-teachers and I see his
behavior as ‘distracted’ and ‘off-task’. We intervene with
David multiple times, attempting to direct his attention
towards his group. We do not see his behavior as being
related to learning.

Many teachers will recognize such scenes. In mathemat-
ics classrooms, students are categorized as ‘off-task’ and
diagnosed as ‘not learning’. In this article, I present a
reanalysis of this episode. I will argue that, contrary to my
initial impressions, David was in fact engaged in a powerful
form of learning. The analysis hinges on understanding how
David incorporated the whiteboard into his activity in an
unexpected way, and in doing so, constituted a learning
event.

I aim to contribute to an emerging portfolio of research on
learning events where artifacts take on unexpected mean-
ings. For example, in a series of papers, Abtahi, Graven,
Lerman (Abtahi, 2014; Abtahi, Graven & Lerman, 2017,
Graven & Lerman, 2014) analyzed how the spatial arrange-
ment of buttons on a remote control became meaningful as a

Leslie is a window installer.
On Friday, she installed two
windows, and charged

402 dollars. Last week, on
another job, she charged
517 dollars to install seven
windows.

A new customer has asked Leslie to
install five windows. How much will this
cost?

Figure 1. The window problem as it is represented on the
whiteboard.

In this article, I describe an analytical tool for understand-
ing such learning events incorporating artifacts. This may be
especially important for episodes like the one described thus
far, in which, from a teacher’s perspective, learning may not
seem to be occurring.

Returning to the episode
For 13 minutes, as David makes gestures at the whiteboard,
the others continue their rate strategy. This results in two dif-
ferent predictions for the cost of five windows. Using the
(window, cost) pair (7 windows, $517), they find a rate of
517/, dollars per window, resulting in a prediction of $364 for
five windows. Using (2 windows, $402), they find a rate of
402/, dollars per window, resulting in a prediction of $1005
for five windows. The students become visibly frustrated.
Stacy exclaims, “are these supposed to like, relate?”. The
problem of finding the price of five windows has now
become a dilemma of two different predictions.

A key event comes after they have arrived at their differ-
ent predictions [2].

child learned to count by 3. The remote control had num- 253 David What’s uh, what’s a hundred and fif-
bered buttons for the numerals 1-9, arranged in a 3 x 3 array. teen divided by [shifts his gaze back
In this arrangement—likely produced for ergonomic rea- and forth between board and center
sons—the multiples of 3 were arranged in the far-right of group]
column. The child made this spatial arrangement meaningful
with respect to the values of the numbers, describing how 254 Stacy Where are you getting a hundred
she could use the arrangement to count by threes. and fifteen?
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255 David Four hundred and two [points to
board] plus a hundred and fifteen
[lowers hand slightly, still pointing
to board] is five hundred seventeen
[moves hand up and down slowly].
So that’s the price between the two
[moves hand up and down rapidly],
so if we divide that by [lowers arm,
turns towards group] that’s what
I’m trying to figure out, you’ll get
the price of one

256 Melissa So between here [points to paper with
pencil] and here [moves pencil slightly

higher on paper] is a hundred,
257 Stacy Oh

258 Melissa it’s a hundred and fifteen dollars

[moves pencil back and forth]

One hundred and fifteen divided by
what is my question

259 David

260 Tyler
261 Stacy

That could, that could work

Okay, wait. Four hundred, [to Tyler]
can you do five hundred and seven-
teen minus four hundred and two?

David initiates the event with a question (Turn 253).
Stacy’s uptake, in the form of another question, works to
position David as a contributing member of the group, at
least temporarily. In Turn 255, David explains his strategy
using talk and gesture (Figure 2).

Here we see David making the same gestures as he had
been making earlier. Radford’s (2002) detailed analysis of
pointing gestures is useful to understand David’s gestures at
this point. Radford notes that pointing gestures may be deictic
when they are used to reference aspects of the visual field.
However, such gestures can also do a sort of craftwork, in
that they can “make apparent something new [...] something
that is crafted out of words, signs, gestures and artifacts”
(p. 18). On first glance, David’s gestures seem to be deictic,
pointing to specific numbers. As David says the words “four
hundred and two,” he points to the number 402 on the white-
board (Figure 2, top), and similarly for “five hundred
seventeen” (Figure 2, middle) (recall from Figure 1 that the
problem statement is written with the numbers on different
lines, with 402 above 517). However, these gestures do more
than simply index the problem statement. In addition, they
work to create a mapping between the physical space occu-
pied by the written numerals on the whiteboard and the value
of those numbers. Melissa’s uptake in Turn 256 supports this
claim. As she mimics the gesture she uses the word ‘here’
while pointing to numbers on the paper. The word ‘here’ is a
spatial pronoun, whose antecedents are points in space and
not values of numbers. Thus, Melissa’s use of the word ‘here’
to refer to numbers on a paper suggests that she is seeing the
numbers on the paper as points in space.

Now let us return to Turn 255 and consider David’s next
move, shown in Figure 2 (bottom). In this move, David says,
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So that’s the price between thmo

Figure 2. David’s gestures.

“so that’s the price between the two” while he moves his
hand rapidly up and down between the locations that he
pointed to earlier. Like the other gestures in Figure 2, this
gesture seems to accomplish both deictic and craftwork. As
a deictic, it works to provide a referent for the pronoun, ‘the
two’. As a piece of craftwork, it works in coordination with
David’s talk to make the physical space between the written
numerals meaningful.

Consider the talk: David says, “the price between the
two”. The word ‘between’ is a spatial word. It is sometimes
used to refer to an intermediate point, and sometimes to an
intermediate space. The former is the most likely use in the
context of prices (as in, “the price for five windows ought to
be between the price for four windows and the price for
seven windows”). However, that is not how the word is used
here. David uses “the price between the two” to refer to the
number 115, which is not an intermediate price between 402
and 517. To say that 115 is “the price between” 402 and 517
is to use ‘between’ to refer to intermediate space. Of course,
talk is not acting alone here, it is coupled with gesture. In



this case, the gesture also works to put meaning into the
physical space between the two written numerals. This is
because the rapid movement in the gesture works to draw
the eye to the space between the two endpoints rather than a
specific intermediate point.

We are now in a position to make sense of David’s ‘off
task’ behavior. I would like to argue that, as David was ges-
turing at the whiteboard during those 13 minutes, he was not
‘off task’ but rather, using a gesture to endow the whiteboard
with meaning, and in doing so formulating a learning event.
To make this point, I will draw on two key concepts from
Vygotsky: artifact mediation and double stimulation.

Human activities are always intertwined with artifacts.
Through activity, humans “accumulate partial solutions
to frequently encountered problems” (Hutchins, 1995,
pp- 354-355). These partial solutions exist in durable form
as artifacts. Artifacts make the achievements of past genera-
tions available in the present, such that they can be
incorporated into new activities. In doing so, artifacts medi-
ate activity, helping to transform the activity and often
serving to produce new forms of activity that would not oth-
erwise be possible (Cole & Wertsch, 1996).

Artifacts are imbued with history and intentionality, as
partial solutions to frequently encountered problems. This
history is materially manifested as affordances and con-
straints that shape activity. However, artifacts are not
deterministic and they can often afford actions for which
they were not designed. This is the key insight exploited by
Vygotsky and colleagues in their double stimulation experi-
ments (Engestrom, 2007; Vygotsky, 1978). The method
involves giving a subject a task to solve that is “beyond
[their] present capabilities” (Vygotsky, 1978, p. 74). This
task is the first stimulus. The setting also contains a ‘neutral’
object, which is an artifact that has not been intentionally
designed as a partial solution to the particular problem that
the subject is facing. This neutral artifact is the second stim-
ulus. Of interest is the way that subjects often incorporate
the neutral artifact into the task:

Frequently we are able to observe how the neutral stim-
ulus is drawn into the situation and takes on the
function of a sign. Thus, the child actively incorporates
these neutral objects into the task of problem solving.
We might say that when difficulties arise, neutral stim-
uli take on the function of a sign and from that point on
the operation’s structure assumes an essentially differ-
ent character. (Vygotsky, 1978, p. 74)

Thus, the second (neutral) stimulus becomes a mediating
artifact as the subject endows the artifact with new meaning,
and then uses the newly meaningful artifact to accomplish
the task. Exploiting a second stimulus in this fashion is an
agentive action. For Vygotsky, human agency is always
mediated by artifacts.

Let us return to David’s actions. Earlier, I argued that
David had endowed the physical space on the whiteboard
with quantitative meaning. To be sure, this meaning is
afforded by the way that the numerals occupy space on the
whiteboard (if the problem statement had been verbalized
instead of written, this affordance would have been absent),
as well as by cultural technologies that facilitate number-as-

space mappings, such as a number line. However, just
because artifacts afforded this way of seeing does not mean
that it was ‘inside’ the whiteboard a priori.

The physical space on the whiteboard certainly was not
designed to have numerical meaning. When we created the
slide that was projected onto the whiteboard, we never con-
sidered how the spatial locations of the numerals might be
meaningful. If the numerals were separated in physical
space, it was only because this is a consequence of written
language. Thus, we may understand the whiteboard as a neu-
tral artifact with respect to quantitative meaning. Through
his gestures, David endowed the physical space on the
whiteboard with a new meaning. The whiteboard can thus be
understood as a second stimulus: a neutral artifact that takes
on new meaning in the course of activity.

This is an agentive act. Indeed, Engestrém (2007) sug-
gests that double stimulation is more than an experimental
method to study mediated activity; it is also an expansive,
agency-producing activity:

Double stimulation is, above all, aimed at eliciting new,
expansive forms of agency in subjects. In other words,
double stimulation is focused on making subjects mas-
ters of their own lives. (p. 363)

Like double stimulation, learning can be understood as an
agentive process through which a person expands their pos-
sibilities for action. From a sociocultural perspective, this
process is always mediated by artifacts. From this perspec-
tive, David’s seemingly ‘off task’ behaviors can be
understood as a learning event. In the beginning of the ses-
sion David is positioned outside of the group. He does not
have access to the group’s paper, nor is he able to participate
in their discourse. Rather than accept this condition, David
uses the whiteboard to expand his possibilities for action.
After endowing the whiteboard with meaning, he incorpo-
rates the newly meaningful artifact into his bid to rejoin the
group. With the artifact, he is successful.

Moreover, his strategy provides the group with the insight
they need to overcome their dilemma. With David’s strategy,
the group goes on to find a unit rate and to solve the problem
by finding the cost of five windows. Later the class formal-
ized this strategy into a general strategy to find a unit rate
given two points.

Overall, this analysis invites us to reconsider behaviors
that might appear to be ‘off-task’. By taking an expansive
perspective, we might instead find learning. A helpful con-
struct in this endeavor is to consider artifacts as second
stimuli. Doing so focuses analytical attention on artifacts
that may at first appear to be neutral—and therefore may
otherwise tend to be ignored. This is important because neu-
tral artifacts may play two important roles in learning—as
objects that can be endowed with meaning, and as a means
through which learners gain agency.

Implications for research and practice

Although this analysis might seem esoteric to a teacher’s
eye, I see two implications for teaching practice. The first
implication has to do with the way teachers may recognize
learning events. During the time that the episode was unfold-
ing, my co-teachers and I did not notice that David was
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formulating a learning event as he interacted with the white-
board. Instead, we interpreted his interactions with the
whiteboard as being ‘off-task’ and unrelated to learning. We
tried (and fortunately failed) to orient him away from these
actions. It is a testament to David that he continued to perse-
vere in formulating a learning event, waiting nearly 15
minutes for it to finally be taken up. This study suggests that
teachers may benefit from conceptualizing neutral artifacts
as second stimuli, which may lead teachers to recognize
interactions with neutral artifacts as one of the ways in
which learners may seek to formulate learning events. A pro-
ductive question for future research might be how teachers
can learn to recognize such interactions.

The second implication is related to the availability of
artifacts in the classroom. If interactions with neutral arti-
facts-as-second-stimuli is one of the means through which
learning events are formulated, then classrooms should be
saturated with artifacts. In this way, teachers can not only
recognize expansive learning events, but create the condi-
tions that support their formulation.

Notes
[1] The names are pseudonyms.
[2] Gestures are indicated in square brackets. Speech is transcribed using

standard punctuation, so that a comma denotes a short pause, a period
denotes a longer pause after a falling intonation, and a question mark
denotes a pause after a rising intonation.
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The Beaver brought paper, portfolio, pens,
And ink in unfailing supplies:
While strange creepy creatures came out of their dens,

And watched them with wondering eyes.

So engrossed was the Butcher, he heeded them not,
As he wrote with a pen in each hand,

And explained all the while in a popular style
Which the Beaver could well understand.

“Taking Three as the subject to reason about—
A convenient number to state—

We add Seven, and Ten, and then multiply out
By One Thousand diminished by Eight.

“The result we proceed to divide, as you see,
By Nine Hundred and Ninety and Two:

Then subtract Seventeen, and the answer must be
Exactly and perfectly true.

“The method employed I would gladly explain,
While I have it so clear in my head,
If I had but the time and you had but the brain—

But much yet remains to be said.”

— from The Hunting of the Snark, by Lewis Carroll,

illustrated by Henry Holiday
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