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On November 17, 2016, we finalized the hardware and software configurations we tested. Updates for current 
and recently released hardware and software appear often, so unavoidably these configurations may not 
represent the latest versions available when this report appears. For older systems, we chose configurations 
representative of typical purchases of those systems. We concluded hands-on testing on December 5, 2016. 

Appendix A: Detailed system configuration
The table below presents detailed information on the three systems we tested.

System Lenovo N22 8056 (4GB RAM) 
with Windows 10

Lenovo N22 8056 (2GB RAM) 
with Windows 10 Lenovo N22 Chromebook 80SF

Vendor and model Lenovo® N22 80S6 Lenovo N22 80S6 Lenovo N22 Chromebook 80SF

Processor Intel® Celeron® processor N3050 Intel Celeron processor N3050 Intel Celeron processor N3050

Processor frequency (GHz) 1.6 1.6 1.6

Processor cores 2 2 2

Memory 4GB DDR3L SDRAM 2GB DDR3L SDRAM 4GB DDR3L SDRAM

Storage 64GB eMMC SSD 32GB eMMC SSD 16GB eMMC SSD

Battery type 3-cell Li-Ion 3-cell Lithium Polymer 3-cell Li-Ion

Battery capacity (Wh) 45 45 45

Display 11.6” (1,366 x 768) 11.6” (1,366 x 768) 11.6” (1,366 x 768)

Wireless 802.11 a/b/g/n/ac 802.11 a/b/g/n/ac 802.11 a/b/g/n/ac

Bluetooth® Bluetooth 4.0 compatible Bluetooth 4.0 compatible Bluetooth 4.0 compatible

USB ports 1 x USB 3.0, 2 x USB 2.0 1 x USB 3.0, 2 x USB 2.0 1 x USB 3.0, 2 x USB 2.0

System weight (lbs.) 2.7 2.7 2.8

OS (version) Windows 10 Pro (1607) Windows 10 Pro (1607) Chrome OS™ (54.0.2840.101)

Build/firmware 14393.447 14393.447 Google_Celes.7287.92.35
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Start common classroom tasks 
faster and avoid distractions with 
Microsoft Windows 10
Laptops running Windows 10 completed 
common tasks in less time than a Chromebook
Class time is limited. Getting fast laptops in the hands of 
students makes a difference in their productivity and helps 
teachers make the most out of each class period. 

At Principled Technologies, we tested two laptops running 
Microsoft® Windows® 10 and a Chromebook™ to see how 
they handled tasks that students might regularly perform. We 
restricted the internet connection to simulate what 
students might experience in a busy classroom 
during the school day. 

The two laptops running Windows 10 required less 
time than the Chromebook to launch applications 
and websites and to open files. Having enough time 
for an effective lesson is a challenge in the classroom, 
but a fast laptop can help teachers make the most 
of their limited time and help keep 
students engaged. The data shows that 
laptops running Windows 10, compared 
to Chromebooks, can save time in 
classrooms and help create a more 
focused learning environment.

Up to

48%
LESS WAITING
to open a document

Up to

62%
LESS WAITING
to open a spreadsheet

Up to

50%
LESS WAITING
to open a slideshow

A Principled Technologies report: Hands-on testing. Real-world results.

The science behind the report:
Start common classroom tasks faster and 
avoid distractions with Microsoft Windows 10

A Principled Technologies report: Hands-on testing. Real-world results.

http://www.principledtechnologies.com/
http://facts.pt/3Vyc4Q
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Appendix B: How we tested
We wanted a hardware reference platform in testing to ensure a fair comparison. We chose the Lenovo N22 as that reference platform as it 
was available in configurations with Windows 10 and Chrome OS at the time of this study. We tested two Windows 10 configurations with 
different RAM amounts as both were available for purchase; the Lenovo N22 Chromebook was only available with 4GB RAM at the time of 
purchase.

We conducted all tests on a private network throttled to 1Mbps upload and download to simulate a congested network that one might find 
in a public school. Testers used a stopwatch to measure time to complete tasks. We performed each task until we collected three consecutive 
runs at or below a variability threshold of 10 percent. We report the average of these three runs. 

Both productivity web app platforms used the same files in our testing. For example, the 1.7MB .docx and 1.7MB Google Doc contained  
the same content. 

Note: Khan Academy leveraged different video players in Microsoft Edge and Google Chrome™. 

Testing on the laptops running Windows 10
Launching Word Online 
1. Launch Microsoft Edge.
2. Navigate to http://login.microsoftonline.com 
3. Enter an account email address and password.
4. Press Enter. 
5. Simultaneously click Word and start the stopwatch. 
6. When the page fully loads, stop the stopwatch. 
7. Record the time. 
8. Repeat the test until three consecutive results fall at or under the variability threshold.
9. Report the average of the three runs.

Opening an existing document in Word Online
1. Log into Office 365® online.
2. Launch OneDrive®. 
3. Simultaneously click the name of the document and start the stopwatch. 
4. When the page fully loads, stop the stopwatch. 
5. Record the time.
6. Repeat the test until three consecutive results fall at or under the variability threshold.
7. Report the average of the three runs. 

Launching Excel Online 
1. Launch Microsoft Edge.
2. Navigate to http://login.microsoftonline.com 
3. Enter an account email address and password.
4. Press Enter. 
5. Simultaneously click Excel and start the stopwatch. 
6. When the page fully loads, stop the stopwatch. 
7. Record the time. 
8. Repeat the test until three consecutive results fall at or under the variability threshold.
9. Report the average of the three runs.

Opening an existing workbook in Excel Online
1. Log into Office 365 online.
2. Launch OneDrive. 
3. Simultaneously click the name of the document and start the stopwatch. 
4. When the page fully loads, stop the stopwatch. 
5. Record the time.
6. Repeat the test until three consecutive results fall at or under the variability threshold.
7. Report the average of the three runs.
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Launching PowerPoint Online 
1. Launch Microsoft Edge.
2. Navigate to http://login.microsoftonline.com 
3. Enter an account email address and password.
4. Press Enter. 
5. Simultaneously click PowerPoint and start the stopwatch. 
6. When the page fully loads, stop the stopwatch. 
7. Record the time. 
8. Repeat the test until three consecutive results fall at or under the variability threshold.
9. Report the average of the three runs.

Opening an existing presentation in PowerPoint Online
1. Log into Office 365 online.
2. Launch OneDrive. 
3. Simultaneously click the name of the document and start the stopwatch. 
4. When the page fully loads, stop the stopwatch. 
5. Record the time.
6. Repeat the test until three consecutive results fall at or under the variability threshold.
7. Report the average of the three runs.

Loading a lesson in Khan Academy 
Note: You must already have an account and be logged in.

1. Launch Microsoft Edge.
2. Navigate to https://khanacademy.org 
3. Click Start learning something new. 
4. Select Precalculus. 
5. Select Conic Sections. 
6. Simultaneously click Intro to Conic Sections and start the stopwatch. 
7. When the page and video fully load (and the play icon appears), stop the stopwatch. 
8. Record the time. 
9. Repeat the test until three consecutive results fall at or under the variability threshold.
10. Report the average of the three runs.

Opening a new 3D graphics project in GeoGebra
1. Launch Microsoft Edge.
2. Navigate to http://geogebra.org  
3. At the top of the webpage, click GeoGebra Math Apps.
4. Simultaneously click 3D Grapher and start the stopwatch. 
5. When the page fully loads, stop the stopwatch. 
6. Record the time. 
7. Repeat the test until three consecutive results fall at or under the variability threshold.
8. Report the average of the three runs.

Loading a simulation in PhET Build an Atom
1. Launch Microsoft Edge.
2. Navigate to http://phet.colorado.edu   
3. In the Search box, start typing Build an Atom (simulation), and when the phrase appears, select it.
4. Simultaneously click the play button and start the stopwatch. 
5. When the page fully loads, stop the stopwatch. 
6. Record the time. 
7. Repeat the test until three consecutive results fall at or under the variability threshold.

8. Report the average of the three runs.
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Logging into Glogster
1. Launch Microsoft Edge.
2. Navigate to http://glogster.com   
3. Click LOG IN.
4. Enter an account email address and password.
5. Simultaneously click Log in and start the stopwatch. 
6. When the page fully loads, stop the stopwatch. 
7. Record the time. 
8. Log out of the website.
9. Repeat the test until three consecutive results fall at or under the variability threshold.
10. Report the average of the three runs.

Logging into Edmodo
1. Launch Microsoft Edge.
2. Navigate to http://edmodo.com   
3. Click Login.
4. Enter an account email address and password.
5. Simultaneously click Login and start the stopwatch. 
6. When the page fully loads, stop the stopwatch. 
7. Record the time. 
8. Log out of the website.
9. Repeat the test until three consecutive results fall at or under the variability threshold.

10. Report the average of the three runs.

Logging into Gmail
Note: You must already have an account and be logged in.

1. Launch Microsoft Edge.
2. Navigate to, but do not execute, http://mail.google.com/   
3. Simultaneously press Enter and start the stopwatch. 
4. When the page fully loads, stop the stopwatch. 
5. Record the time. 
6. Repeat the test until three consecutive results fall at or under the variability threshold.
7. Report the average of the three runs.

Testing on the Chromebook
Launching Google Docs 
1. Open the list of Chromebook Apps. 
2. Simultaneously click Docs and start the stopwatch. 
3. When the page fully loads, stop the stopwatch. 
4. Record the time. 
5. Repeat the test until three consecutive results fall at or under the variability threshold.
6. Report the average of the three runs.

Opening an existing document 
1. Open the list of Chromebook Apps.
2. Select Files. Select the desired file. 
3. Simultaneously click Open and start the stopwatch. 
4. When the page fully loads, stop the stopwatch. 
5. Record the time. 
6. Repeat the test until three consecutive results fall at or under the variability threshold.
7. Report the average of the three runs.
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Launching Google Sheets
1. Open the list of Chromebook Apps. 
2. Simultaneously click Sheets and start the stopwatch. 
3. When the page fully loads, stop the stopwatch. 
4. Record the time. 
5. Repeat the test until three consecutive results fall at or under the variability threshold.
6. Report the average of the three runs.

Opening an existing workbook in Google Sheets
1. Open the list of Chromebook Apps.
2. Select Files. 
3. Select the desired file. 
4. Simultaneously click Open and start the stopwatch. 
5. When the page fully loads, stop the stopwatch. 
6. Record the time. 
7. Repeat the test until three consecutive results fall at or under the variability threshold.
8. Report the average of the three runs.

Launching Google Slides
1. Open the list of Chromebook Apps. 
2. Simultaneously click Slides and start the stopwatch. 
3. When the page fully loads, stop the stopwatch. 
4. Record the time. 
5. Repeat the test until three consecutive results fall at or under the variability threshold.
6. Report the average of the three runs.

Opening an existing presentation in Google Slides
1. Open the list of Chromebook Apps.
2. Select Files. 
3. Select the desired file. 
4. Simultaneously click Open and start the stopwatch. 
5. When the page fully loads, stop the stopwatch. 
6. Record the time. 
7. Repeat the test until three consecutive results fall at or under the variability threshold.
8. Report the average of the three runs.

Loading a lesson in Khan Academy 
Note: You must already have an account and be logged in.

1. Launch Google Chrome.
2. Navigate to https://khanacademy.org 
3. Click Start learning something new. 
4. Select Precalculus. 
5. Select Conic Sections. 
6. Simultaneously click Intro to Conic Sections and start the stopwatch. 
7. When the page and video fully load (and the play icon appears), stop the stopwatch. 
8. Record the time.
9. Repeat the test until three consecutive results fall at or under the variability threshold.
10. Report the average of the three runs.
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Opening a new 3D graphics project in GeoGebra
1. Launch Google Chrome.
2. Navigate to http://geogebra.org  
3. At the top of the webpage, click GeoGebra Math Apps.
4. Simultaneously click 3D Grapher and start the stopwatch. 
5. When the page fully loads, stop the stopwatch. 
6. Record the time. 
7. Repeat the test until three consecutive results fall at or under the variability threshold.
8. Report the average of the three runs.

Loading a simulation in PhET Build an Atom
1. Launch Google Chrome.
2. Navigate to http://phet.colorado.edu   
3. In the Search box, start typing Build an Atom (simulation), and when the phrase appears, select it.
4. Simultaneously click the play button and start the stopwatch. 
5. When the page fully loads, stop the stopwatch. 
6. Record the time. 
7. Repeat the test until three consecutive results fall at or under the variability threshold.
8. Report the average of the three runs.

Logging into Glogster
1. Launch Google Chrome.
2. Navigate to http://glogster.com   
3. Click LOG IN.
4. Enter an account email address and password.
5. Simultaneously click Log in and start the stopwatch. 
6. When the page fully loads, stop the stopwatch. 
7. Record the time. 
8. Log out of the website.
9. Repeat the test until three consecutive results fall at or under the variability threshold.
10. Report the average of the three runs.

Logging into Edmodo
1. Launch Google Chrome.
2. Navigate to http://edmodo.com   
3. Click Login.
4. Enter an account email address and password.
5. Simultaneously click Login and start the stopwatch. 
6. When the page fully loads, stop the stopwatch. 
7. Record the time. 
8. Log out of the website.
9. Repeat the test until three consecutive results fall at or under the variability threshold.
10. Report the average of the three runs.

Logging into Gmail
Note: You must already have an account and be logged in.

1. Simultaneously click the Google Mail desktop icon and start the stopwatch. 
2. When the page fully loads, stop the stopwatch. 
3. Record the time. 
4. Repeat the test until three consecutive results fall at or under the variability threshold.
5. Report the average of the three runs.
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Principled Technologies is a registered trademark of Principled Technologies, Inc.
All other product names are the trademarks of their respective owners.

DISCLAIMER OF WARRANTIES; LIMITATION OF LIABILITY:
Principled Technologies, Inc. has made reasonable efforts to ensure the accuracy and validity of its testing, however, Principled Technologies, Inc. specifically disclaims 
any warranty, expressed or implied, relating to the test results and analysis, their accuracy, completeness or quality, including any implied warranty of fitness for any 
particular purpose. All persons or entities relying on the results of any testing do so at their own risk, and agree that Principled Technologies, Inc., its employees and its 
subcontractors shall have no liability whatsoever from any claim of loss or damage on account of any alleged error or defect in any testing procedure or result. 

In no event shall Principled Technologies, Inc. be liable for indirect, special, incidental, or consequential damages in connection with its testing, even if advised of the 
possibility of such damages. In no event shall Principled Technologies, Inc.’s liability, including for direct damages, exceed the amounts paid in connection with Principled 
Technologies, Inc.’s testing. Customer’s sole and exclusive remedies are as set forth herein.

This project was commissioned by Microsoft.
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Technologies®

Facts matter.®

Read the report at http://facts.pt/3Vyc4Q.

Appendix C: Results
The table below presents our findings in detail. We ran each test three times and present the average.

Application 
(Windows)

Application 
(Chrome) Test description

Timing results in seconds (using default browsers)

Chromebook Windows 2GB Windows 4GB

Word Online Google Docs

Launch website/web 
app average 00:05.6 00:02.6 00:02.6

Open existing 
document average 00:07.8 00:04.0 00:04.1

Excel Online Google Sheets

Launch website/web 
app average 00:05.7 00:02.9 00:02.3

Open existing 
document average 00:17.0 00:06.4 00:06.4

PowerPoint Online Google Slides

Launch website/web 
app average 00:06.1 00:02.3 00:02.4

Open existing 
document average 00:09.1 00:04.7 00:04.5

Khan Academy Khan Academy Load lesson average 00:11.0 00:03.0 00:07.0

GeoGebra GeoGebra
Open new 3D 
graphics project 
average

00:02.8 00:02.2 00:02.2

PhET Build An Atom PhET Build An Atom Load simulation 
average 00:05.4 00:03.9 00:03.7

Glogster Glogster Log in website 
average 00:04.0 00:03.6 00:03.5

Edmodo Edmodo Log in website 
average 00:07.2 00:06.9 00:06.3

Gmail Gmail Log in Gmail 
average 00:18.4 00:13.1 00:12.9

http://facts.pt/3Vyc4Q

