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Here's What Happened When
I Made My College Students
Put Away Their Phones

Laptop multitasking hinders classroom
learning for both users and nearby peers
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Abstract

Laptops are commonplace in university classrooms. In light of cognitive
psychology theory on costs associated with multitasking, we examined the effects
of in-class laptop use on student learning in a simulated classroom. We found that
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» A+ B={{a,1)|ae€ A} U{(b,2) | b € B}.

» Ax B={(a,b) |a€ A, be B}
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o = —
M € Memory = Var — Value
z€ Value = 7
x € Var = ProgramVariable
HHAZ C9 O] [C] € Memory — Memory
AALA Bl 0j0] [E] € Memory =7



[skip] M = M
[z :=FE]M = M{xz— [E] M}
[if ECy Co) M = if [E]M # 0 then [C]M else [Co] M

[Crs Gl M = [Co] ([Ch] M)
[n]M = n
[z] M = M(x)

[Ey+ Ex] M = ([E\] M) + ([E2] M)

[-EIM = —([E] M)
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[while E C]M
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» “Computability is continuity.”
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“Computer science is full of fixpoints.”
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“Computer science is full of fixpoints.”

» N = {0} U {nt+1ln € N}
= IfpAX {0} U{n+1n € X}



I
/\3 OE|HI—7\-|OE —'— f|xpomt O:”

“Computer science is full of fixpoints.”

» N = {0} U {n+1|n € N}
= IfpAX {0} U{n+1n € X}

» list = {nil} U {(0,1)|1le list}
= IfpAX {nil} U {(0,))|l € X}
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“Computer science is full of fixpoints.”

» N = {0} U {n+1|n € N}
= IfpAX {0} U{n+1n € X}

» list = {nil} U {(0,1)|1le list}
= IfpAX {nil} U {(0,))|l € X}

» reach(N) = N U reach(next(N))
= lfpAf. (AN.N U f(next(N)))
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“Computer science is full of fixpoints.”

» N = {0} U {n+1|n € N}
= IfpAX {0} U{n+1n € X}
» list = {nil} U {(0,1) 1€ list}
= IfpAX {nil} U {(0,))|l € X}
» reach(N) = N U reach(next(N))
= lfpAf. (AN.N U f(next(N)))
» sort(A) = if sorted(A) then A else
sort (exch(A))
= lfpAf.(AA.sorted(A)? A : f(exch(A)))
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“Computer science is full of fixpoints.”

» N = {0} U {n+1|n € N}
= IfpAX {0} U{n+1n € X}
» list = {nil} U {(0,1) 1€ list}
= IfpAX {nil} U {(0,))|l € X}
» reach(N) = N U reach(next(N))
= lfpAf. (AN.N U f(next(N)))
» sort(A) = if sorted(A) then A else
sort (exch(A))
= lfpAf.(AA.sorted(A)? A : f(exch(A)))
» fac(n) = if n=0 then 1 else nxfac(n-1)
=lfpAf.(Ann=071: nx f(n—1))
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> M= 22 [ S AO|Of|BE: Ve € S.1 C x.
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Dy x Dy = {{z,y) | x € D1,y € Do}

>
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ANEO| ML X2
= —-l T'__A-I = L |=! A—I component-wise

(z,y) E (2, y) iff x Ep, 2" A yCp, ¥

> 2t CPO. (247)
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Dy+Dy={{z,1) |2 € D)} U{(x,2) |z € Do} U{L}

> LSO =M= SUER
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x, 1) C {2’ 1) iff xCp, o
(x,2) C(2',2) iff xCp, 2

> T2tA CPO. (24?)



CPO

& 1 point-wise -

Z2lAl

|
X
<H
Ul

o0
4r
Bl

fCgiffVz € Dy.f(z) Ep, g(x).

> 2t CPO. (2f7)



£

<k

__om
8l

F

EAS
==

o|0]++=0f| A

AL -+

5t
20| A& f2, f(2)

of
&

— __OD

F



CPO= E= T2 12|09 ojO|ZZte =

=g
S
CPOAIOIOM 2ol BtHo 2 HO|El CPO WA Al(domain
equation)2| {7} gtak =Y.
> O
Store = Loc — (Int + Loc + Cmd)
Cmd = Store — Store
£ OKZSHE CPO Store 34 27
> ZH0:
D=D—D
£ Dt=25t= CPO DX ZX{(Dana Scott’'s domain
theory). O AFAIO|, 9ff CPO7} RE m2240| o|0|2
oe 4 9ls AR0IAE WL (27)



of) c___H_ <k
— <} 1ol
A o 4r
a 4r 3
wm 31 @l
a2 S
GO
ofy ny o0
TR
] O o
ES
) 3
oo £ X
<z o
- U &
W o O
< oy Ul
RO Ul n
g
o <
ol 8l &

X = F(X)

A3 ifpFE H9:

s Fol 24

LienF" (L)

IfpF



12 A while-

M € Memory
z € Value
z € Var

A&ty [C] € Memory — Memory

ALHA £2| o|0|

ALty [E] € Memory — 7.,

20| o|oj?

= Var — Value

= 7,

= ProgramVariable |

H&sH4 CPO
22=2l CPO
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[while E C]M
= if [E]M # 0 then [while E C|([C]|M) else M
CHA| 24T,
[while E C] =
AM.if [E]M # 0 then [while E C|([C]M) else M.

=, while-2| 2|0 [while E C]= A& S

AX.(AM.if [E]M # 0 then X ([C]|M) else M)
€ (Memory — Memroy) — (Memory — Memroy)
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[while E C]
= lfpF € Memory — Memory
= lfp(AX.(AM.if [E]M # 0 then X([C]M) else M)

)
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M € Memory = Var — Value
z€ Value = 7,
x € Var = ProgramVariable |
[C] € Memory — Memory
[E] € Memory — Value
= AM.M

AM.M{x — [E] M}

AM.if [E]M # 0 then [C]|M else [Co] M

AM.[Co] ([C1] M)

Ifp(AX.(AM.if [E]M # 0 then X([C]|M) else M))
AM.n

AM.M (z)
AM.([Er] M) +
AM. — ([E] M)

([E2] M)
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[AB] = [A] + [B]
7| M
[A] =1
[B] = ---[B]
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