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Deep Thought

Kwai Chang Caine: What happens in a man’s life is already
written. A man must move through life as his destiny wills.
Old man: Yet each is free to live as he chooses. Though they
seem opposite, both are true.

- Kung Fu Pilot



WHAT’S THE EXPERIMENT YOU’D LIKE TO DO?

Here’s One!
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Fig. 1. Experimental design. 
tops and/or tablets during class for the purposes of note-taking 
and classroom participation (e.g., using the “e-text” version of the 
course textbook). However, professors had discretion to stop a stu- 
dent from using a computing device if the student was blatantly 
distracted from the class discussion. This treatment was intended 
to replicate the status quo collegiate classroom environment: stu- 
dents using Internet-enabled technology at will during lecture and 
discussion. Classrooms in our second treatment group, or “tablet- 
only” group, allowed students to use their tablet computers, but 
professors in this group required tablets to remain flat on the desk 
(i.e., with the screen facing up and parallel to the desk surface). 
This modified-tablet usage enabled students to access their tablets 
to reference their e-text or other class materials, while allowing 
professors to observe and correct student access to distracting ap- 
plications. Therefore, the second treatment more closely replicated 
the “intended” use of Internet-enabled technology in the class- 
room. 

West Point provides an ideal environment for conducting a 
classroom experiment for a number of reasons. As part of West 
Point’s “core” curriculum, the principles of economics course has a 
high enrollment (approximately 450 students per semester). Class 
size, however, remains relatively small due to an institutional com- 
mitment to maintaining a low faculty to student ratio, which is 
generally near 1:15 in the principles course and is capped at 1:18 
per class by Academy policy. Despite the large enrollment and 
small class size, student assessment in the course is highly stan- 
dardized. All classes use an identical syllabus with the same in- 
troductory economics textbook and accompanying online software 
package. Students complete all homework, midterms, and final ex- 
ams (consisting of multiple choice, short answer, and essay ques- 
tions) via an online testing platform. With up to 30 different sec- 
tions of the course per semester, taught by approximately ten dif- 
ferent professors, most professors teach between two and four sec- 
tions of the economics course each semester. This course struc- 
ture allowed us to randomize treatment and control groups among 
classrooms taught by the same professor. As part of this process, 
we limited our study to professors who taught at least two sec- 
tions of the course in a single semester and ensured that each pro- 
fessor taught at least one section in the control group and at least 
one section in either treatment group. 12 

12 It is important to note that West Point professors do not have teaching assis- 
tants. West Point policy also forbids students from using mobile phones during any 
period of instruction. 

Second, within a class hour, students are randomized into their 
particular class. West Point centrally generates student academic 
schedules, which are rigidly structured due to the substantial num- 
ber of required courses. Students cannot request a specific profes- 
sor and, importantly, students are unaware prior to the first day of 
class whether computers will be allowed in their classroom or not. 
After the first day of class, there is virtually no switching between 
sections. 

Third, West Point’s direct link between student performance 
and post-graduation employment provides motivation for students 
to do well in the economics course. The higher a student’s rank 
in the graduating class, the greater the student’s chance of receiv- 
ing his or her first choice of military occupation and duty location 
upon graduating. For those students incapable of seeing the long- 
term consequences of poor academic performance, West Point’s 
disciplinary system provides additional, immediate reinforcement. 
If their professor elects to report the incident, a student who mis- 
behaves in class (whether by arriving late, falling asleep, skipping 
class, or engaging in distracting behavior) will be disciplined by 
the officer in charge of her military training. 13 Fourth and finally, 
all students at West Point are on equal footing in terms of access 
to the educational resources that may differentially impact our ex- 
periment. West Point required all students in our study to pur- 
chase laptop computers and tablets, and each academic building at 
West Point was equipped with wireless Internet access at the time 
of our experiment. Furthermore, each student is required to com- 
plete an introductory computer science course during their fresh- 
man year, which falls before the economics course in West Point’s 
core curriculum sequence. 
4. Empirical framework 

To compare outcomes between students assigned to classrooms 
that permitted laptop or tablet usage and students assigned to 
classrooms that prohibited computer usage, we estimate the fol- 
lowing model of undergraduate academic achievement: 
Y i jht = κ jt + λht + γ ′ X i + πZ jht + ηi jht . (1) 

13 This “discipline” takes many forms, depending on the severity of the infrac- 
tion and the student’s personal disciplinary background. For example, the officer in 
charge may elect to employ everything from counseling techniques to monotonous 
physical tasks (e.g., “walking hours”) in correcting unacceptable behavior. Unsur- 
prisingly, these disciplinary measures often take place during the student’s valuable 
weekend hours. 
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S.P. Carter et al. / Economics of Education Review 56  (2017) 118–132 123 

Table 2 
Summary statistics and covariate balance. 

Control Treatment 1 
(laptops/tablets) Treatment 2 

(tablets, face up) Both treatments 
vs. control Treatment 1 vs. 

control Treatment 2 vs. 
control 

(1) (2) (3) (4) (5) (6) 
A. Baseline characteristics 
Female 0 .17 0 .20 0 .19 0 .03 0 .06 0 .00 

(0 .03) (0 .04) (0 .04) 
White 0 .64 0 .67 0 .66 0 .02 0 .02 0 .02 

(0 .04) (0 .04) (0 .05) 
Black 0 .11 0 .10 0 .11 −0 .02 −0 .02 −0 .03 

(0 .03) (0 .03) (0 .04) 
Hispanic 0 .13 0 .13 0 .09 0 .00 0 .02 −0 .03 

(0 .03) (0 .03) (0 .03) 
Age 20 .12 20 .15 20 .15 0 .03 0 .05 0 .06 

[1 .06] [1 .00] [0 .96] (0 .08) (0 .09) (0 .10) 
Prior military service 0 .19 0 .19 0 .16 −0 .02 0 .00 −0 .01 

(0 .03) (0 .04) (0 .04) 
Division I athlete 0 .29 0 .40 0 .35 0 .05 0 .07 ∗ 0 .04 

(0 .04) (0 .04) (0 .05) 
GPA at baseline 2 .87 2 .82 2 .89 −0 .01 −0 .05 0 .03 

[0 .52] [0 .54] [0 .51] (0 .04) (0 .05) (0 .05) 
Composite ACT 28 .78 28 .30 28 .30 −0 .34 −0 .37 −0 .54 

[3 .21] [3 .46] [3 .27] (0 .26) (0 .31) (0 .33) 
P -Val (Joint χ2 Test) 0 .610 0 .532 0 .361 
B. Observed computer (laptop or tablet) use 
any computer use 0 .00 0 .81 0 .39 0 .62 ∗∗∗ 0 .79 ∗∗∗ 0 .40 ∗∗∗

(0 .02) (0 .03) (0 .04) 
Average computer use 0 .00 0 .57 0 .22 0 .42 ∗∗∗ 0 .56 ∗∗∗ 0 .24 ∗∗∗

(0 .02) (0 .02) (0 .03) 
Observations 270 248 208 726 518 478 

Notes: Columns 1–3 of this table report mean characteristics of student in the control group (classrooms where laptops and tablets are prohibited), treatment group 1 
(laptops and tablets permitted without restriction), and treatment group 2 (tablets are permitted if they are face up). Standard deviations are reported in brackets. Columns 
4–6 report coefficient estimates from a regression of the baseline charactersitics on an indicator variable that equals one if a student is assigned to a classroom in the 
indicated treatment group. The regressions used to construct estimates in columns 4–6 include (instructor) x (semester) fixed effects and (class hour) x (semester) fixed 
effects. The reported p -values in Panel A are from a joint test of the null hypothesis that all coefficients are equal to zero. Observed computer usage, reported in panel B, 
was recorded during three lessons each semester of the experiment. Any computer use is an indicator variable for ever using a laptop or tablet during one of these three 
lessons. For example, a student who uses a computer during one of these three lessons has a value of one for any computer use and has an average usage rate of one-third. 
Robust standard errors are reported in parentheses. ∗∗∗ , ∗∗ , and ∗ denote significance at the 1%, 5%, and 10% level, respectively. 
semester and only one student (less than one percent) in the con- 
trol group classrooms ever used a laptop or tablet. 18 These differ- 
ences in computer usage across treatment arms are also evident 
when the outcome is average computer usage over the three days 
where professors recorded usage. 19 A comparison of the results in 
columns 5 and 6 of panel B suggests that requiring students to 
keep their tablets face-up on the desk substantially reduces the 
number of computing devices in the classroom. Although not re- 
ported in Table 2 , p -values from tests of the hypothesis that ob- 
served computer use estimates are equal in both treatment arms 
are smaller than 0.001 using both the “any use” and the “average 
use” measures. 
5.3. Measuring final exam performance 

We derive outcomes in this experiment from a final exam that 
was mandatory for all students in the course. This exam consisted 
of a combination of multiple choice, short answer (mostly fill-in- 
the-blank questions and problems requiring graphical solutions), 

18 Although we did not require professors to distinguish between laptop and tablet 
usage classrooms that permitted unrestricted computer use, most professors who 
taught classrooms in treatment group 1 indicated that laptops were far more com- 
mon than tablets. We again emphasize that laptop and tablet usage at West Point 
are not impacted by differences in student resources or differential access to the 
Internet. West Point “issues” a laptop and tablet computer to all students and each 
classroom in the study was equipped with wireless Internet at the time of the ex- 
periment. 

19 As an example, a student observed using a computer during only one of the 
three days where professors recorded computer usage has an average computer use 
value of one-third. 

and essay questions that were mapped directly to learning objec- 
tives in the course textbook and syllabus. 20 Students had 210 min. 
to complete the exam in an online testing platform, which required 
the students to use a computer to answer questions. 21 The testing 
software automatically graded all multiple choice and short answer 
questions, but professors manually scored all essay responses. 22 
Notably, nearly all students in our sample sat for the final exam. 
Only 15 of the 726 students who began the semester did not have 
final exam scores, implying an attrition rate of roughly two per- 
cent. Attrition is not significantly correlated with assignment to ei- 
ther treatment group and the observable characteristics of the few 

20 The final exam accounts for 25 percent of the total course points (250 of 10 0 0). 
Students are informed on the first day of class that failure to pass the final exam 
could constitute grounds for failure of the entire course, regardless of performance 
on pervious events. Each type of question is weighted differently. For example, mul- 
tiple choice questions are typically assigned 2 points, and short answer questions 
are worth 4-6 points each. Each essay question is worth 10 points. Points from mul- 
tiple choice, short answer, and essay questions account for roughly 65, 20, and 15 
percent, respectively, of the exam’s total possible points. 

21 To be clear, this testing format required students in all three classroom types 
(treatment 1, treatment 2, and control) to use a computer on the final exam, re- 
gardless of whether they were allowed to use a computer in regular class meetings. 

22 For short answer graphing questions, the testing software automatically awards 
a zero if a student answers any element of a multi-part graphing question incor- 
rectly. Therefore, the course director issues grading guidance for these multi-part 
questions to professors prior to the exam. This step aids in standardizing the pro- 
cess of awarding “partial credit” across the course. For essay questions, the course 
director enters an example of a full credit answer in the professor’s answer key. 
However, it does not specify point allocations for each element of the essay answer, 
and professor discretion plays a major role in determining student essay grades. 

Impact!
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Table 3 
Laptop and modified-tablet classrooms vs. non-computer classrooms. 

(1) (2) (3) (4) 
A. Dependent variable: Final exam multiple choice and short answer score 
Laptop/tablet class −0.21 ∗∗∗ −0.20 ∗∗∗ −0.19 ∗∗∗ −0.18 ∗∗∗

(0.08) (0.07) (0.06) (0.06) 
GPA at start of course 1.13 ∗∗∗ 1.00 ∗∗∗

(0.06) (0.06) 
Composite ACT 0.06 ∗∗∗

(0.01) 
Demographic controls X X X 
R 2 0.05 0.24 0.52 0.54 
Robust SE P -Val 0.010 0.005 0.001 0.002 
Wild Bootstrap P -Val 0.0 0 0 0.0 0 0 0.0 0 0 0.0 0 0 
B. Dependent variable: Final exam multiple choice score 
Laptop/tablet class −0.18 ∗∗ −0.17 ∗∗ −0.16 ∗∗∗ −0.15 ∗∗

(0.08) (0.07) (0.06) (0.06) 
Demographic controls X X X 
GPA control X X 
ACT control X 
R 2 0.06 0.24 0.46 0.48 
Robust SE P -Val 0.027 0.019 0.009 0.016 
Wild Bootstrap P -Val 0.0 0 0 0.0 0 0 0.0 0 0 0.0 0 0 
C. Dependent variable: Final exam short answer score 
Laptop/tablet class −0.22 ∗∗∗ −0.22 ∗∗∗ −0.21 ∗∗∗ −0.19 ∗∗∗

(0.08) (0.07) (0.06) (0.06) 
Demographic controls X X X 
GPA control X X 
ACT control X 
R 2 0.06 0.18 0.42 0.43 
Robust SE P -Val 0.007 0.004 0.001 0.002 
Wild Bootstrap P -Val 0.006 0.016 0.0 0 0 0.008 
D. Dependent variable: Final exam essay questions score 
Laptop/tablet class 0.02 0.02 0.03 0.03 

(0.07) (0.06) (0.06) (0.06) 
Demographic controls X X X 
GPA control X X 
ACT control X 
R 2 0.33 0.38 0.50 0.51 
Robust SE P -Val 0.785 0.766 0.642 0.548 
Wild Bootstrap P -Val 0.757 0.775 0.627 0.509 

Notes: This table reports estimates from a regression of exam scores on an indi- 
cator for being assigned to a classroom that permits either laptops or tablets. All 
estimates are from a sample of 711 students who took the final exam. All scores 
are standardized to have a mean of 0 and a standard deviation of 1 for each 
semester. All estimates include (instructor) x (semester) fixed effects and (class 
hour) x (semester) fixed effects. Demographic controls include indicators for fe- 
male, white, black, hispanic, prior military service, athlete, and a linear term for 
age at the start of the course. The reported P -values are from the null hypothe- 
sis that the effect of being assigned to a classroom that permits laptops or tablets 
equals zero. Wild bootstrap p -values with classroom-level clusters are constructed 
from the procedure describe in Cameron et al. (2008) . Robust standard errors are 
reported in parentheses. ∗∗∗ , ∗∗ , and ∗ denote significance at the 1%, 5%, and 10% 
level, respectively. 
note-taking practices that harmed students in Mueller and Oppen- 
heimer’s study. However, considering the substantial impact pro- 
fessors have on essay scores, as discussed above, the results in 
panel D should be interpreted with considerable caution. 
6.2. Distinguishing between treatment arms 

Interestingly, the reduction in exam performance associated 
with permitting computer usage appears to occur in both class- 
rooms that permit unrestricted computer usage and classrooms 
that permit only modified-tablet usage. Table 4 reports estimates 
that are similar to those reported in Table 3 , except that they 
only compare students in classrooms that permitted laptops and 
tablets without restriction (treatment group 1) to students in class- 
rooms that prohibited computers. The precisely estimated −0.18 σ , 
reported in column 4 of panel A, suggests that allowing computers 

Table 4 
Unrestricted laptop/tablet classrooms vs. non-computer classrooms. 

(1) (2) (3) (4) 
A. Dependent variable: Final exam multiple choice and short answer score 
Computer class −0.28 ∗∗∗ −0.23 ∗∗∗ −0.19 ∗∗∗ −0.18 ∗∗∗

(0.10) (0.09) (0.07) (0.07) 
GPA at start of course 1.09 ∗∗∗ 0.92 ∗∗∗

(0.07) (0.07) 
Composite ACT 0.07 ∗∗∗

(0.01) 
Demographic controls X X X 
R 2 0.08 0.28 0.54 0.57 
Robust SE P -Val 0.003 0.007 0.005 0.005 
Wild Bootstrap P -Val 0.0 0 0 0.0 0 0 0.0 0 0 0.0 0 0 
B. Dependent variable: Final exam multiple choice score 
Computer class −0.25 ∗∗∗ −0.20 ∗∗ −0.16 ∗∗ −0.15 ∗∗

(0.10) (0.009) (0.07) (0.07) 
Demographic controls X X X 
GPA control X X 
ACT control X 
R 2 0.08 0.27 0.48 0.50 
Robust SE P -Val 0.009 0.023 0.025 0.029 
Wild Bootstrap P -Val 0.0 0 0 0.0 0 0 0.0 0 0 0.0 0 0 
C. Dependent variable: Final exam short answer score 
Computer class −0.25 ∗∗∗ −0.21 ∗∗ −0.18 ∗∗ −0.17 ∗∗

(0.09) (0.09) (0.07) (0.07) 
Demographic controls X X X 
GPA control X X 
ACT control X 
R 2 0.08 0.21 0.44 0.46 
Robust SE P -Val 0.008 0.016 0.017 0.019 
Wild Bootstrap P -Val 0.008 0.020 0.022 0.028 
D. Dependent variable: Final exam essay questions score 
Computer class −0.03 −0.01 0.02 0.02 

(0.08) (0.08) (0.07) (0.07) 
Demographic controls X X X 
GPA control X X 
ACT control X 
R 2 0.32 0.37 0.50 0.51 
Robust SE P -Val 0.705 0.912 0.801 0.755 
Wild Bootstrap P -Val 0.549 0.811 0.721 0.641 

Notes: This table reports estimates from a regression of exam scores on an indicator 
for being assigned to a classroom that permits laptop and unrestricted tablet usage. 
The sample used to construct this table consists of 507 students who took the fi- 
nal exam and were not in modified-tablet classrooms. All scores are standardized 
to have a mean of 0 and a standard deviation of 1 for each semester. See the notes 
from Table 3 for a list of controls included in each regression. The reported P -values 
are from the null hypothesis that the effect of being assigned to a classroom that 
permits laptops or tablets equals zero. Wild bootstrap p -values with classroom-level 
clusters are constructed from the procedure describe in Cameron et al. (2008) . Ro- 
bust standard errors are reported in parentheses. ∗∗∗ , ∗∗ , and ∗ denote significance at 
the 1%, 5%, and 10% level, respectively. 

in the classroom reduces average grades by roughly one-fifth of a 
standard deviation. 

It is worth noting that including demographic, baseline GPA, 
and ACT controls attenuates the estimates in panel A of Table 
4 from −0.28 to −0.18 σ . This is due to random differences in the 
composition of students between the first treatment arm and the 
control group. Although concerning, there are a few reasons to be- 
lieve that the treatment effect suggested by the estimates in panel 
A of Table 4 is not purely the result of unobservable differences be- 
tween students in treatment group 1 and students in the control 
group. First, the estimates in all columns of panel A are statisti- 
cally indistinguishable. Second, including individual level covariates 
increases R 2 values from 0.08 to 0.57. Applying a bounding tech- 
nique suggested by Oster (2015) , which assumes that any resid- 
ual omitted variable bias in our estimate of the treatment effect 
is equal to the change in coefficient estimates when individual co- 
variates are included multiplied by the ratio of residual variation 
in the outcome to the change in R 2 when controls are included, 


