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(57) Abstract: Example embodiments relate to measuring
user interface (UI) responsiveness related to a Ul of an applic-
ation running on a computing device. An example method
may include accessing a list of actionable controls, where the
list indicates at least one UI control of the UI as being action-
able. The method may include detecting a user interaction
when a user interacts with a UI control of the UL The method
may include determining a list of change controls. The change
controls are UI controls that change, refresh or load in re-
sponse to the user interaction, which will ultimately be dis-
played on a next screen of the UI after the user interaction,
and which are also on the list of actionable controls. The
method may include determining a UT responsive time based
on the list of change controls.
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MEASURING USER INTERFACE RESPONSIVENESS

BACKGROUND
[C001]  Applications {e.g., computer sofiware} often include a user interface {Ul)
that displays screens 1o users of the application. When various actions are taken by
the user with respect {o an application, a Ul screen may change, refresh or load. In
general, it is desirable for Ul screens to change, refresh or load in a timely manner,
for example, such that a user is not prevented from using the application because a

Ul screen is loading.

BRIEF DESCRIPTION OF THE DRAWINGS

[0002]  The following delailed description references the drawings, wherein:

[0003] FIG. 1 shows a timeline with associaled example user interface screens

and associated notations to explain user interface timing concepts;

[0004] FIG. 2 is a block diagram of an example computing environment in which

measuring user interface responsiveness may be usefui;

[0005] FIG. 3 is a block diagram of an example user inteirface responsiveness
client agent;
[C006] FIG. 4 is a fiowchart of an example method for measuring user interface

responsiveness;

[C007] FIG. & is a fiowchart of an example method for measuring user interface

responsiveness;

[0008] FIG. 6 is a block diagram of an example computing device for measuring

user interface responsiveneass; and

[0008] FIG. 7 is a block diagram of an example computing device for measuring

user interface responsiveness.
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DETAILED DESCRIPTION

[C010]  As mentioned above, for an application {e.q., computer soffware), #t is
desirable for user interface (Ul) screens {o change, refresh or load in a timely manner,
for example, such that a user is not prevented from using the application because a
U screen is loading. Therefore, i may be useful to measure how quickly Ul screens
change, refresh or load, for example, such that an individual or entity {e.g., the owner
of the application) can track how its application is performing. Specifically, it may be
useful to measure Ul performance for applications running on real computing devices
{i.e., clients) being used by real users in the real world. In order to track data
regarding the execution of applications, the individual or entity may use a monitoring
tool running on a monitoring system (e.g., a server). The moniforing tool may collect
data from various clients running the application, and may aid the individual or entity
in analyzing the data. Specifically, agenis running on the various clients may collect
information about the execution of the application and may send data to the

monitoring tool.

[0011] Some monitoring tools (e.g., production monitoring tools) may track
application performance by following network transactions {e.g., HTTP fransactions)
between the client device and the monitoring system. These network transactions
may or may not have a relationship to the user interface. For example, many netwaork
transactions may occur without the user interface updating. Thus, network
fransactions are a poor proxy for Ul experience. Additionally, these solutions do not
provide insight into device {i.e., client} level perdormance, for example, which may be
dependent on local client issues such as storage levels, other processes running, etc.
Some monitoring {ools may track application performance by analyzing background
{e.g., processing) activities on the client device. However, such monitoring tools do
not focus on the performance of the user interface. R may be desirable to frack
application performance at the user level {e.g., referred 10 as “user experience

monitoringftesting”. Some monitoring fools may track user level application
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performance by analyzing the time elapsed until the Ul screen is complelely rendered
or loaded. However, such moniforing tools do not consider the time elapsed until the
Ul screen is responsive or partially responsive. Such a time measurement may be an
important indicator of user level or user-perceived application performance because a
user may be able to interact with various portions of the Ui screen before the
complete Ul screen is rendered. User-perceived applicalion performance may be

related to user satisfaction with an application.

[0012] Some moniforing tools claim to track user level application performance by
analyzing a “lime to interact” of the user interface. Among other differences, these
monitoring tools measure this “time 1o interact” based on a single or immediatle run of
the application being tested. For example, an agent running on the client may
attempt to analyze the loading of the Ul once, in isolation. For one such solution, the
agent monitors the Ul screens as a form of video {or frame by frame)} analysis,
looking for when visible content is loaded. These solufions do not, among other
differences, use data from mulliple user interactions on multiple devices to determine
user interface responsiveness. Additionally, these solutions do not distinguish
between the loading of Ul content that users may frequently interact with and Ul
content that users rarely or never interact with. it should be noted that, if user level or
user perceived application performance is an important indicator of application
performance, than this indicator should be tied, as closely as possible, fo actual user
perception and actual application use, as opposed to some other metrics {e.g., the
loading of any visible content) that may be only loosely related to user-perceived Ul

performance.

[C013]  The present disclosure describes measuring user interface responsiveness
related to a user interface of an application running on a computing device. The
present disclosure may describe accessing a list of actionable controls where the
actionable controls are user inlerface controls that users commoniy interact with.
In some examples, the list of actionable controls may be based on crowd-sourced

user interaction data from multiple computing devices, and may be based on
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mulliple users on mulliple computing devices running and interacting with the
application. in other examples, the list of actionable controls may be based on
user interaclion data from a single device {e.g., spanning mulliple user sessions on
that device), where the single device is the same device on which user interface
responsiveness is measured. The present disclosure may describe determining, in
the computing device, a Ul responsive fime based on determining which Ul
controls of the user interface change, refresh or load {and will ultimately be
displayed on the next Ul screen} in response 10 a user interaction with a Ul control,
and in particular, which of these Ul controls are also on the list of aclionabile
controis. These Ul controls may be referred {o as “change controls”™. For example,
the Ul responsive time may be determined when the first change control appears
on the user interface. in this example, as soon as one Ul control on the list of
actionable controls is present, the user interface may be considered responsive in
a meaningful way. Thus, the Ul responsive time may be an indicator that is tied, as

closely as possible, to actual user perception.

[C014]  The technigues of the present disclosure may be used with any monitoring
of testing iools that are interested in user interface response fime and/or application
response time. Thus, these fechniques may be used with pre-production fools {i.e.,
testing tools) and with production tools {i.e., moniloring tools). For simplicity, various
descriptions and drawings herein may refer {0 a monitoring tool andfor may refer fo
clients running applications in the real world; however, it should be understood that
the descriptions here may apply equally to a pre-production / testing environment.
Thus, any mention of monitoring ool {vs. testing tool} or real client devices or real
users, etc. should not be taken as a limitation on the applicability of the techniques

described herein.

[0015]  For the purposes of the present disclosure, the term "Ul screen,” or just
screen, may refer to the main or high level Ul item displayed by a user interface {(Ul)
of an application. For example, if an application is displaying a window that is

consuming the entire display of a computing device, that high level window may be a
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Ul screen. A Ul screen need not {ake up the entire display of a computing device, but
a Ul screen may be the largest, most encompassing Ul item that is displayed by the
application {e.g., a "modal dialeg™). Each Ul screen may include a number of Ul
views and a nhumber of Ul controls. For the purposes of the present disclosure, the
term Ul view” may refer to a sub portion of the Ul screen or any Ul item {usually
displayed within the Ul screen). For example, within the high level window mentioned
above, there may be a number of sub windows or frames, each of which may be a Ul
view. Ul views may also include further nesfed Ul views. For example, each sub
window of frame may include smaller sub windows or frames, or butions, {ext entry
boxes, {ext areas or the like. A Ul view may also be referred o as a widgel. For the
purposes of the present disclosure, the term “Ul control” may refer to a Ul item that a
user can interact with to, in many cases, cause changes to occur in the Ul screen or
at least one of the included Ul views. For example, a Ul control could be a button,

hyperlink, scrolt bar or various other types of items with which a user can interact.

[0018] As an initial matter, it may be useful to define some Ul timing related
concepts that may be used throughout the present disclosure. FIG. 1 shows a
timeline 100 with associated example Ul screens and associated notations. The
progression through the timeline of FIG. 1 may show an example sequence that may
occur when a user interacts with a Ul {e.g., a Ul controf) of an application, including
the Ul activities that follow after the user interaction. For the most part, FIG. 1 shows
“foreground” {(e.g., Ul) activities that occur, but there may be a number of

“background” activities that happen as well.

[C017]  As can be seen in FIG. 1, at time 102, a Ul screen 110 is stable {e.g., it is
not changing, and there is litlle {0 no background activity}. At time 102, the Ul screen
110 includes two example buttons {Bution 1 and Butlon 2). Attime 103, a user may
interact with the Ul screen, for example, by activating {e.g., pressing) Bulton 2. Al
time 104, the Ul screen may change o indicate that Bution 2 was pressed, for
exampie, by “greying out” Bution 2. This nearly immediate indication may be referred

to as initial U1 feedback. Pressing Button 2 may cause some action 1o occur in the
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application, including some change in the Ul screen (e.g., changing to Ul screen 112
and then to 114). At time 105, the entire Ul screen 112 may be busy, which means a
user may nol be able {o inferact with any part of the Ul screen {i.e., the entire Ul
screen may be blocked). As an example, a Ul busy icon 116 may display on the Ul

screen 112, and the rest of the Ul screen may be blank or greved out.

[0018] At time 106, at least one portion {e.g., Loaded View 1, Loaded View 2 and
Loaded View 3} of the next Ul screen 114 may be loaded {e.g., able to accept user
interaction} and other portions may still be loading. At this time, the application may,
for example, load a skeleton of the next Ul screen 114 and some Ul items (e.g., Ul
controis) may be visible and able to accept user interaction. For the Ul portions that
are still loading, the application may display placeholders {(e.g., 118). Some slow
loading items such as images, videos, eic. may be displayed as these placeholders
inifially. At time 107, the entire Ul screen 110 may be loaded, meaning that ail Ul
views within the Ul screen are rendered and able o accept user interaction. For
example, more Ui items may be ioaded info the skeleton in the place of placeholiders.
At time 107, the Ul screen 114 is stable. Finally, at some point after time 107,

associated background activities may complete.

[C018] A number of time durations may be defined based on FIG. 1 and the
preceding description. Initial feedback duration {120} may be the difference between
time 103 and 104. Ui responsive duration {122) may be the difference between time
103 and 106. Finally, Ul complete duration {124} may be the difference between time
103 and 107. it should be noted that some monitoring tools may track user level
application performance by analyzing the Ul complete time duration {124}, which is
the time until the Ul screen is completely rendered or loaded. The present disclosure
may focus on Ul responsive duration {122). This Ul responsive duration may be used
as a Key Performance Indicator (KPI) that provides insight into userlevel Ul
responsiveness. This Ul responsive duration may also be used as an industry

benchmark for comparing various application WUl's, for example, because Ul
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responsiveness can be measured and compared regardiess of what background

activities are running.

[0020] FIG. 2 is a block diagram of an example computing environment 200 in
which measuring user interface responsiveness may be useful.  Computing
environment 200 may include a moniloring system 210 and a number of clients {e.g.,
220, 230, 240, etc.). The clients may communicate with system 210 over at least one
network. In other words, system 210 may be remote to the clients. Such a network
may be any wired or wireless network, and may include any number of hubs,
routers, switches, cell towers or the like. Such a network may be, for example, part
of a cellular network, part of the intemet, part of an intranet and/or other type of
network. Each client {e.g., 220) may measure the responsiveness of a user interface
of an application {e.g., 222} running on the client device. Each client may receive
information from the monitoring system 210 regarding which Ul conirols are
“actionable”, as will be described in more detail below. Each clienf may use this

information {o determine a Ul responsive duration for the application.

[0021] Monitoring system 210 may include at least one computing device that is
capabile of communicating with various clients {e.g., 220, 230, 240, etc.). The term
"system™ may be used to refer to a single computing device or muttiple computing
devices thal communicate with each other {e.g., via a nhetwork} and operate together
to provide a service. Monitoring system 210 may include a monitoring tool 212 that

runs on maonitoring system 210

[0022] Monitoring tool 212 may be any type of application testing tool {(e.g., a
pre-production testing too, a production moenitoring tool, a real user monitoring tool,
efc.) that receives execution information (e.g., execution reports, errors,
performance information, efc.) from various applications {e.g., 222} running on
various clients {e.g., 220, 230, 240, efc)). Monitoring tool 212 may include
instructions {e.g., stored on a machine-readable storage medium of system 210)
that, when executed {e.g., by a processor of system 210), implement the

functionality of the monitoring tool 212. Alternatively or in addition, monitoring tool
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212 may include electronic circuitry (i.e., hardware) that implements the
functionality of the monitoring tool 212, Monitoring system 210 may include a Ui
responsiveness system agent 214, U1 responsiveness system agent 214 may be
included as part of monitoring tool 212 or may be independent of {(eg., in

communication with) monitoring ool 212.

[0023] The following describes what is meant by “actionable™ controls, for the
purposes of this disclosure. In practice, when users interact with user interface
controls (e.g., butlons, hyperlinks, menus, eic.) of an application, it is typically the
case that users only interact with a portion {e.g., a small portion) of the {otal
available Ul controls offered by the application. Additionally, some Ul controls are
much more commonly used than other Ul controls, and some Ul controls are more
vital {o the operation of the application user interface than are other Ul controls.
Thus, if user level or user perceived application performance is an important indicator
of application performance, than this indicator should be related 1o the
responsiveness of important Ul controls. These important Ul controls are referred o

as “aclionable™ controls.

[0024] Moniloring tool 212 {e.q., via Ul responsiveness system agent 214) may
create and maintain a list of actionable controls for various applications {e.g., for
application 222). To create this list, monitoring tool 212 may receive indications of
activated Ul controls from various clients {e.g., 220, 230, 240} that are running the
same application {or similar applications), e.g., in a crowd-sourcing manner. The
term “crowd-sourcing” may generally refer {o collecting data by soliciting data
contributions from a group {e.g., a farge group)} of users and/or devices, for example,
real devices being used by real users {e.g., running production applications} in the
real world. The term crowd-sourcing may further be defined with reference to the

various examples described herein.

[0025]  In some exampies, sach time a user, on one of the clients, interacts with a
Ul control, a unique control 1D for that Ul control may be sent to the monitoring tool.

For each activated Ul control, monitoring {ool 212 may receive a control iD. The term
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“controd 1D may refer fo a unigue D that indicates the Ul control {and perhaps the Ul
view and/or other information as well). in some examples, the control IDs may be the
same across platforms {(e.g., iPhone, (Pad, Android, web, etc}. Thus, a particular
button in an application for one of these platforms may have the same control iD as a
similar button in an application for ancther one of these platforms. The control iDs
may be the same across all users / client devices. Thus, a particular button activated
by a first user on a first device may have the same control 1D as a similar bution
aclivated by a second user on a second device. By ensuring that control 1Ds are the
same for similar buttons, the moniforing tool 212 can tabulate crowd-sourced control

ID data {i.e., user interaction data) to determine commonly used Ul controls.

[0026] Monitoring tool 212 may then analyze all the control 1D’s received, and may
maintain {e.g., dynamically} a list of important {e.g., commonly used) Ul controls.
These are referred o as "actionable” controls. Monitoring tool 212 may then provide
{e.g.. on an ongoing basis) these actionable controls o the various clients {e.g., 220,
230, 240). The various clients may then use these aclionable controls {o determine
when these types of Ul controls are loaded or responsive, {o determine when a user
interface is responsive in a meaningful manner {e.g., o calculate a Ul responsive
duration value). Monitoring tool 212 {e.g., via Ul responsiveness system agent 214)
may also receive Ul responsive duration measurements from various clients such that
a developer may analyze the performance of the application running on various

devices.

[0027] In some examples, each client {e.g., client 220}, for example, via Ul
responsiveness client agent 224, may create and maintain a list of actionable controls
for various applications {e.g., for application 222), for example, instead of monitoring
tool 212 creating and maintaining the list. To create this list, a particular client {e.g.,
client 220} may collect indications (e.g., control 1Ds as described above) of Ul controls
aclivated by the immediate client {e.g., 220 in this example} while running the
application. These indications of activated (Ul controls {i.e., user interaction data)

may be collected on the immediate client during multiple user sessions on that



WO 2015/174976 PCT/US2014/038055

10

client. Thus, in these examples, the user interaction data may be from a single
device only (the immediate device}, and may be siored iocally and used locally to
create the list of actionable contrels. In these examples, the client may not need 0
receive actionable control information from a monitoring system. To keep the
descriptions herein clear and of reasonable length, various descriptions herein
refer to clients receiving actionable control information from a monitoring system;
however the alternative situation of clients creating and maintaining thelr own lists of

actionable controls is contemplated by this disclosure.

[0028] Client 220 may be any type of computing device that is capable of
communicating {e.g., with a monitoring system) over a network. Client 220 may be,
for example, a smariphone, cell phone, tablet, phablet, laptop, deskiop, server,
application-specific computing device or any other type of computing device. Client
220 may be described specifically herein, but it should be understood that clients 230,
240 and any other clients in computing environment 200 may be similar to client 220
as described herein. Client 220 may include an application 222 that runs on the client
220. Application 222 may include instructions {e.g., stored on a machine-readable
storage medium of client 220} that, when executed {(e.¢., by a processor of client
2203, implement the functionality of the application. Alternatively or in addition,
application 222 may include electronic circuitry {i.e., hardware) that implements the
functionality of the application. Application 222 may be any type of application, for
example, a software program, web browser, web application, mobile application or
the like.

[0029] Cilient 220 may include a Ul responsiveness client agent 224, Ul
responsiveness client agent 224 may be included as part of application 222 or may
be independent of {e.g., ih communication with} application 222. Ul responsiveness
client agent 224 may be part of a larger application execution reporting tool that
sends various pieces of execution information regarding applications {e.g., 222)to a
monitoring tool {e.g., 212} Ul responsiveness client agent 224 and/or the larger

application execution reporiing fool may be provided fo users {e.g., crealors of
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applications such as 222} in the form of an SDK {Sofhware Development Kit} library
that the users can embed inside their applications. Then when users of the client
{e.g., 220} run the application {e.g., 222), the Ul responsivenass client agent 224
andfor the larger application execution reporting tool may be running in the
background, for exampie, to monitor events that happen with regard to the client 220,
for example, user actions, timing events, nebwvork events, sensor data events {eg.,
camera events such as photographs {aken} and the like. In some situations, users of
client 220 may be nctified that their actions may be monitored and may be given the

option to opt-in or opt-out of such monitoring.

[0030] Ul responsiveness client agent 224 may measure the responsiveness of a
user interface of an application {(e.g.., 222} running on the client 220, Ul
responsiveness client agent 224 may receive information from the moniloring system
210 {e.g., regarding which Ul controls are “actionable™. U} responsiveness client
agent 224 may calculate a Ul responsive time and/or duration for the application 222.
Ul responsiveness client agent 224 may send useful information {e.g., the Ui
responsive duration) {c the monitoring system 210. More details regarding the Ul
responsiveness client agent may be provided below with regard to the description of

Ul responsiveness client agent 300 of FIG. 3.

[0031] FiG. 3 is a block diagram of an example Ul responsiveness client agent
300, which may be similar to Ul responsiveness client agent 224 of FIG. 2. Ul
responsiveness client agent 300 may include user interaction hooks 302, a user
interaction data provider 304, an actionable controls accessor 306, an interaction
detector 308, a rendered view analyzer 310 and a Ul responsiveness calculator 312.
Each of these components and Ul responsiveness client agent 300 overall may
gach include instructions {e.g., stored on a machine-readable storage medium of
client 220} that, when execuled {e.g., by a processor of client 220), implement the
functionality of the particular component. Alternatively or in addition, each of these

components and Ul responsiveness client agent 300 overall may include electronic
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circuitry {fL.e., hardware} that implemenis the funclionality of the particular

component.

[0032]  User interaction hooks 302 may interact with the platform on which the
application {(e.g., 222} is runhing and receive indications of various events identified
by the platform. Example platforms include mobile operating systems {e.g., i0S,
Android), various other computing device operating sysiems, and various web
browsers. Each of these plalforms may identify various events related
applications running on the platform and may allow for these events o be *hooked”
into. User interaction hooks 302 may hook into these events and thus may access
event data such as when each user action with respect to the user interface
pccurs, when a new screen is displayed in the user interface, when a Ul view of the
user interface is changed, refreshed or loaded {e.g.. both start and end time).
Thus, user interaction hooks 302 have access to key user interactions with the user

interface {e.g., user interface controis) and information about user interface ifems.

[0033] User interaction data provider 304 may provide user interaction data
{e.g., control iDs} for various Ul controls that a user interacts with. This user
interaction data may be sent {o a monitoring system (e.g., 210). Alternatively, this
user interaction data may be collected and stored on the immediate client device.
As mentioned above, each time a user on the client device interacts with a Ul conlrol,
a unique control ID for that Ul control may generaied, and may be sent to the
monitoring system andfor stored locally. User inleraction data provider 304 may
determine when a user interacts with a Ul conirol {e.g., by interacting with user
interaction hooks 302) and may then match a unigue control ID with the Ul control
and send the control ID to the monitoring system. As mentioned above, the controf
iDs for the same or similar Ul controls across platforms andfor across different
users / client devices may be the same; thus, user interaction data provider 304
may malch control 1Ds to Ui controls in a manner {o maintain this unified control 1D

assignment scheme.
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[0034] User interaclion data provider 304 may send {e.g. continuously,
periodically, etc.) control IDs of activated Ul controls fo the monitoring system {e.g.,
210}, Additionally, user interaction data providers in various other client devices
may send control IDs to the monitoring system. This continual crowd-sourcing data
may then be used by the monitoring system o determine and maintain {e.g.,
dynamically) a list of “aclionable controis,” as described above. The monitoring
system {e.g., 210} may then send {e.g., continuously, periodically, etc.) this list of
actionable controls back to the various client devices. As mentioned above, in
other examples, user interaction data may be coliected locally on each device and
the device may locally use this data to create and maintain a list of actionable

conirols,

[0035] Actionable controls accessor 306 may receive (e.g., continuously,
periodically, efc.} the list of actionable confrois from the moniforing system {e.g.,
210). Other client devices may also receive the list of actionable controls from the
monitoring system {e.g., 210). in this respect, each participating client device may
know {e.g., in an up-to-date manner) which Ul controls for the particular application
are commonly used {e.g., by various users of various devices} and which
contribute to the user-perceived performance of the application in a meaningful
manner. Actionable controls accessor 306 may access the list of actionable

controis, whether they are received from a monitoring sysiem or created locally.

[0038] Interaction dstector 308 may determine when a user inferacts with a Ul
control {e.g., by interacling with user interaction hooks 302} that may cause the
associated Ul screen {or a portion of it) {o change. interaction detecior 308 may
make this determination for the purpose of determining Ul responsiveness as an
application performance metric. Inferaclion deteclor 308 may differ from user
interaction data provider 304 in that user interaction data provider 304 may detect
user interactions for the purpose of supplying crowd-sourcing Ul control use data o
the monitoring system or to supply single-device Ui control use data for local

storage and to create the list of actionable controls. In some examples, interaction
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detector 308 and user interaction data provider 304 may be the same component
or may share some pants. In other examples, these may be distinct componentis.
With referenced {o FIG. 1 as one specific exampie, the detection of user interaction
performed by interaction detecior 308 may happen at a time that can be charted

similar o user interaction time 103 of FIG. 1.

[0037] Rendered view analyzer 310 may detect all the Ul views that change
when a user interacts with a Ul control {as detected by interaction detector 308).
For example, if a user clicks a “next” bution on a Ul screen, the entire Ul screen or
a portion of the Ul screen (e.g., al least one Ul view)} may change, refresh or load.
The user interaction with the next button may be detected by the interaction
detecior 308. Then, based on this detection, rendered view analyzer 310 may
determine all the Ul views that change because of the user interaction. Rendered
view analyzer 310 may detect which Ul views change by interacting with user
interaction hooks 302. Rendered view analyzer 310 may determine, out all the Ul
views that change, refresh or load {(and will ulimately be displayed on the next Ul
screen after the user inferaction is detected), which ones are “actionable controls.”
This determination of which ones are actionable controls may be based on
information received by actionable controls accessor 306 {from the monitoring
system). Thus, rendered view analyzer 310 may determine which actionable
controis {e.g., commonly used Ul conirols) changed based on the user interaction
{and will ultimately be displayed on the next Ul screen}, and these may be referred
fo as “change controls.” Furthermore, rendered view analyzer 310 may determine
timing specifics {e.g., start load lime, end load time, elc.) with regard to the
changing of these actionable controls, for example, by interacting with user

interaction hooks 302.

[003B] Ul responsiveness calculator 312 may determine, e.g., after a user
interaction delected by interaction detector 308, when the user interface is
“responsive” {e.g., similar to time 106 in FIG. 1), and may also delermine a Ul

responsive duration {e.g., similar to time duration D2 in FIG. 1), which is the
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difference between the fime when the user interaction is delected and when the

user ifterface is determined fo be “responsive.”

[0038] The time when the user inlerface is “responsive” may be determined in
various ways. For example, Ul responsiveness calculator 312 may delermine
when the first change control has appeared. In other words, Ul responsive
duration may be calculated as equal to min (71, ..., Tn) minus the time of the
detecied user interaction {where T1, ..., Tn are times respectively associated with
when change confrols become visible). As another example, Ul responsiveness
calculator 312 may delermine when the first change control has fully locaded. As
another example, Ul responsiveness calculator 312 may determine when a subset
{e.g., a threshold, majority or the like) of all the soon-lo-be available change
controls are visible or fully loaded. As another example, Ul responsiveness
calculator 312 may determine when at least one of the change controls is itself
‘responsive”.  This may require cerfain user interaction hooks {e.g., part of
component 302) to access information about when certain Ul views or widgets are
responsive {e.g., before being fully loaded). To determine when the user interface
is “responsive,” the Ul responsiveness calculator 312 may not consider Ui views

that are not classified as “actionable controls.”

[0040] To determine when the user inlerface is ‘“responsive,” the Ul
responsiveness calculator 312 may not consider Ul views that do not change as a
result of the currently considered user interaction. For example, some Ul screens
may include a header bar {e.g., with screen navigation butions) or other stalic or
semi-static portions of the Ul screen. In the example with these static or semi-
static portions, the portion of the Ul screen that actually changes in response to the
user interaction may be analyzed, and the portion that does not change may be
ighored. In other words, the techniques described herein may be applied to
changing portions of a Ul screen or 1o a whole Ul screen, e.g., if the whole Ui

screen changes.
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[0041] FIG. 4 is a fliowchart of an example method 400 for measuring user
interface responsiveness. Method 400 may be described below as being executed
or performed by a computing device, for exampie, client 220 of FIG. 2. Other suitable
gystems and/or computing devices may be used as well. Method 400 may be
implemented in the form of executable instructions stored on at feast one machine-
readable storage medium of the computing device and executed by at least one
processor of the computing device. Alternatively or in addition, method 400 may be
implemented in the form of electronic circuitry (e.g., hardware). In alternate
embodiments of the present disclosure, one or more steps of method 400 may be
executed substantially concurrently or in a different order than shown in FIG. 4. In
alternate embodiments of the present disclosure, method 400 may include more or
less steps than are shown in FiG. 4. In some embodiments, one or more of the steps

of method 400 may, at certain times, be ongoing andfor may repeat.

[0042] Method 400 may start at step 402 and continue to step 404, where a
computing device may detect {e.g., via component 304 of FiG. 3) user interactions
with a user interface of the computing device, e.g., for crowd-source user interaction
data purposes or for local data collection purposes. At step 408, the computing
device may send (e.g., via component 304 of FIG. 3) the user interaction data fo a
remote system {(e.g., a moniloring system such as 210 of FIG. 2). Alternatively, at
step 406, the compuling device may store the user inferaction data locally and may
use this data {e.g., along with data from other user sessions on the application) to
create and maintain a list of actionable controls. At siep 408, the computing device
may receive {e.9., via component 306 of FIG. 3} a list of actionable controls from the

remote system. i some examples, step 408 may not exist in method 400.

[0043] Atsiep 410, the computing device may access {e.g., via component 308 of
FIG. 3) the list of actionable controls. At step 412, the computing device may detect
{e.g., via component 308 of FIG. 3) user interactions with a user interface of the
computing device, e.g., for application performance purposes. At step 414, the

computing device may determine a list of change controls (e.g., via component 310 of
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Fi5. 3}, using the list of actionable controls, as is described in detail above. At step
416, the compuling device may determine a Ul responsive time, as is described in
detail above. Method 4800 may eventually continue to siep 418, where method 400

may slop.

[0044] FIG. 5 is a flowchart of an example method 500 for measuring user
interface responsiveness. Method 500 may be described below as being executed
or performed by a computing device, for example, computing device 600 of FIG. 6 or
computing device 700 of FIG. 7. Gther suilable systems and/or computing devices
may be used as well {e.g., client 220 of FI5. 2). Method 500 may be implemented in
the form of executable instructions stored on at least one machine-readable storage
medium of the computing device and execuled by at least one processor of the
computing device. Allernatively or in addition, method 500 may be implemented in
the form of electronic circuifty {e.g., hardware). in allernate embodiments of the
present disclosure, one or more sieps of method 500 may be executed substantially
concurrently or in a different order than shown in FIG. 5. in allemate embodiments of
the present disclosure, method 500 may include more or less steps than are shown in
FIG. 5. In some embodiments, one or more of the steps of method 500 may, at

ceriain times, be ongoing and/or may repeat.

[0045] Method 500 may start at step 502 and continue o step 504, where a
computing device access a list of actionable controls, where the list may indicate at
least one Ul control of the Ul as being actionable. At step 508, the computing
device may detect a user inleraction when a user interacts with a Ui control of the
Ul. At siep 508, the computing device may delermine a list of change controls.
Change controls are Ul controls that change, refresh or load in response to the
user interaction, which will ultimately be displayed on a next screen of the Ui after
the user interaction, and which are also on the list of actionable controis. Al step
510, the computing device may determine a Ul responsive time based on the list of
change controls. Method 500 may eventually continue to step 512, where method

500 may stop.
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[0048] FIG. 6 is a block diagram of an example computing device 800 for
measuring user interface responsiveness. Computing device 600 may be similar {o
client 220 of FIG. 2. In the embodiment of FIG. 6, computing device 600 includes an
actionable controls accessing engine 610, a user interface detecling engine 620, a
change conirols delermining engine 630 and a user interface responsive time

determining engine 640,

[0047]  Actionable controls accessing engine 810 may access a list of actionable
controls, for example, similar to actionable controls accessor 306 as described
above. The list of aclionable conirols may indicate at least one Ul control of the Ul
as being actionable. Actionable conlrols accessing engine 610 may be implemented
in the form of executable instructions stored on at least one machine-readable
storage medium of computing device 600 and executed by at least one processor of
computing device 600. Alternatively or in addition, actionable controls accessing
engine 610 may be implemented in the form of one or more hardware devices
including electronic circuitry for implementing the functlionality of actionable controls

accessing engine 610.

[0048]  User interaction dstecting engine 620 may detect a user interaction when
a user interacts with a Ul control of the Ui, for sxample, similar to interaction
detector 308 as described above. User inferaction deteclting engine 620 may be
implemented in the form of executable instructions stored on at least one machine-
readable storage medium of computing device 800 and executed by at least one
processor of computing device 600. Altematively or in addition, user interaction
detecting engine 620 may be implemented in the form of one or more hardware
devices including electronic circuitry for implementing the functionality of user

interaction detecting engine 620.

[0048] Change conirols determining engine 830 may determine a list of change
controls, for example, similar to rendered view analyzer 310 as described above.
Change controls are Ul controls that change, refresh or load in response {o the

user interaction, which will ultimately be displayed on a next screen of the Ul after
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the user interaction, and which are ailsc on the list of aclionable controls. Change
controls determining engine 630 may be implemented in the form of execuiable
instructions stored on at least one machine-readable storage medium of computing
device 600 and executed by at least one processor of computing device 600.
Alternalively or in addition, change controls determining engine 630 may be
implemented in the form of one or more hardware devices including electronic

circuitry for implementing the functionality of change controls determining engine 630.

[0050]  User interface responsive time determining engine 840 may determine a
Ul responsive fime based on the list of chanhge controls by determining when at
least one of the change controls appears on the Ui, for example, simitar to Ui
responsiveness calculator 312 as described above. User interface responsive time
determining engine 640 may be implemented in the form of executable instructions
stored onh at least one machine-readable storage medium of computing device 600
and executed by at least one processor of computing device 600. Alternatively or in
addition, user inferface responsive time determining engine 640 may be implemented
in the form of one or more hardware devices including electronic circuitry for
implementing the functionality of user inferface responsive time determining engine
640,

[0001] FiG. 7 is a block diagram of an example computing device 700 for
measuring user interface responsiveness. Computing device 700 may be similar to
client 220 of FIG. 2. In the embodiment of FIG. 7, computing device 700 includes a
processor 710 and a machine-readable storage medium 720. Although the following
descriptions refer {o a single processor and a single machine-readable storage
medium, the descriptions may also apply to a system with multiple processors and
multiple machine-readabile storage mediums. In such examples, the instructions may
be distributed {e.g., stored) across multiple machine-readable storage mediums and

the instructions may be distribuied (e.g., executed by) across mulliple processors.

[0002] Processor 710 may be one or more ceniral processing units {CPUs},

microprocessors, and/or other hardware devices suitable for retrieval and execution
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of instructions stored in machine-readable storage medium 720. In the particular
embodiment shown in FIG. 7, processar 710 may felch, decode, and execute
instructions 722, 724, 726, 728 1o measure user inferface responsiveness. As an
alternative or in addition {o retrieving and execuling instructions, processor 710 may
include one or more electronic circuils comprising a number of electronic components
for performing the functionality of one or more of the instructions in machine-readable
storage medium 720. With respect to the executable instruction representations {e.g.,
boxes) described and shown herein, it should be understood that part or ali of the
executable instructions andfor electronic circuits included within one box may, in
alternate embodiments, be included in a different box shown in the figures or in a

different box not shown.

[0003] Machine-readable storage medium 720 may be any electronic, magnetic,
optical, or other physical storage device that stores executable instructions. Thus,
machine-readable storage medium 720 may be, for example, Random Access
Memory (RAM), an Electrically-Erasable Programmable Read-Only Memory
{EEPROM), a storage drive, an optical disc, and the like. Machine-readable storage
medium 720 may be disposed within system 700, as shown in FIG. 7. In this
situation, the executable instruclions may be “installed” on the system 700.
Alternatively, machine-readable storage medium 720 may be a poriable, external or
remote storage medium, for example, that allows system 700 to download the
instructions from the portable/externaliremote storage medium. In this situation, the
executable instructions may be part of an “installation package”. As described herein,
machine-readable storage medium 720 may be encoded with executable instructions

for measuring user interface responsiveness.

[0004] Referring o FIG. 7, actionable controls accessing instructions 722, when
executed by a processor {e.g., 710), may cause system 700 {o access a list of
actionable controls, where the list may indicate at least one Ul control of the Ul as
being actlionable. User inleraction detecting instructions 724, when executed by a

processor {e.g., 710}, may cause system 700 fo detect a user interaction when a
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user interacts with a Ul controd of the Ul. Change controls determining instructions
726, when executed by a processor {e.g., 710}, may cause system 700 to determine
a list of change contrals. Change controls are Ul controls that change, refresh or
load in response to the user interaction, which will ultimately be displayed on a next
screen of the Ul afler the user interaction, and which are also on the list of
actionable controls. User interface responsive time determining instructions 728,
when executed by a processor {e.g., 710), may cause system 700 to delermine a Ul
responsive time based on the list of change controls. The Ul responsive time may
be related to when the Ul is partially responsive to user interaction but not yet

compietely loaded.
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CLAIMS

1. A method for measuring user interface {(Ul) responsiveness related o a Ul of
an application running on a computing device, the method comprising:

accessing a list of actionable controls, the list indicating at least one Ul
control of the Ul as being actionable;

detecting a user interaction when a user interacts with a Ul control of the Ul;

determining a list of change controls, which are Ul controls that change,
refresh or load in response io the user interaction, which will ultimately be
displayed on a next screen of the Ul after the user interaction, and which are also
on the list of actionable controls; and

determining a Ul responsive time based on the list of change controls.

2. The method of claim 1, further comprising receiving the list of actionable
controls from a remote system, wherein the list of actionable controls indicates at

least one Ul control that muttiple users commonly interact with.

3. The method of claim 2, wherein the list of aclionable controls is based on

crowd-sourced user interaction data from multiple computing devices.

4, The method of claim 1, wherein the list of actionable controls is based on
user interaction data from multiple user sessions with the application running on
the computing device, and wherein the list of actionable controls indicates at least
one Ul control that at least one user of the computling device commonly interacts

with.
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5. The method of claim 1, further comprising sending user interaclion data o a
monitoring system such that the monitoring system can use this interaction dats,
along with interaction data from other computing devices, in a crowd-sourcing
manner, 1o creale or update the list of actionable controls, wherein the user
interaction data includes information about at least one Ul control that is interacted

with on the computing device.

8. The method of claim 1, wherein determining the Ul responsive time includes

determining when the first change control appears on the Ul

7. The method of claim 1, wherein determining the Ul responsive time includes

determining when the first change control finishes loading on the Ul

8. A computing device capable of measwring user interface {Ul}

responsiveness related to a Ul of an application, the computing device comprising:
an actionable controls accessing engine to access a list of actionable

controls, the list indicating at least one Ul control of the Ul as being actionabie;

a Ul detecting engine o detect a user interaction when a user interacts with
a Ul control of the Ul;

a change controls determining engine to determine a list of change controls,
which are Ul controls that change, refresh or load in response to the user
interaction, which will ultimately be displayed on a next screen of the Ul after the
user interaction, and which are aiso on the list of aclionable controls; and

a Ul responsive time determining engine to determine a Ul responsive time
based on the list of change controls by determining when at least one of the

change controls appears on the UL
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8. The computing device of claim 8, further comprising a user interaction data
provider to send user interaction data to a moniloring system such that the
maonitoring system can use this interaction dala, along with interaction data from
other computing devices, in a crowd-sourcing manner, 1o create or update the list

of actiohable controls.

10. The computing device of claim 9, wherein the user inferaction data includes
information about at least one Ul control that is interacted with on the computing
device, and wherein the user interaction dafa includes a unigue identifier for each

of the at least one Ul control.

11.  The computing device of claim 8, wherein the list of actionable controls
indicates at least one Ul control that multiple users commonly interact with, and
wherein the list of actionable controls is based on crowd-sourced user interaction

data from multiple computing devices.

12. A machine-readable storage medium encoded with instructions for
measuring user interface {Ul) responsiveness related fo a Ul of an application
running on a computing device, the instructions executable by a processor of the
computing device {o cause the computing device 1o:

access a list of actionable controis, the list indicating at least one Ul control
of the Ul as being actionable;

detect a user interaction when a user interacts with a Ul controt of the U,

determine a list of change controls, which are Ul controis that change,
refresh or load i response {o the user interaction, which will ultimately be
displayed on a nexi screen of the Ul after the user interaction, and which are also
on the list of actionable controls; and

determine a Ul responsive time based on the list of change controls,
wherein the Ul responsive time is related to when the Ul is partially responsive {o

user interaction but not yet completely loaded.



WO 2015/174976 PCT/US2014/038055

25

13. The machine-readable siorage medium of caim 12, wherein the
determination of the Ul responsive ime includes determining when at least one of

the change controls appears on the UL

14. The machine-readable siorage medium of cdaim 12, wherein the
determination of the Ul responsive time includes determining when the first change

control appears on the UL

15.  The machine-readable storage medium of claim 12, wherein the detection of
the user interaction and the determination of the list of change controls includes
using hooks that provide information about the U}, including at least one of the
foliowing: when a user inferacts with the Ul; when a new screen is displayed on the
Ul and when a Ul view of the Ul is changed, refreshed or loaded, including at least

one of an associated start time and an associated end time.
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