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Abstract

The evaluation of web-based interventions in randomised controlled trials has increased over the past
two decades. Little is known about how participants’ usage of the intervention is measured, reported
and analysed. When a trial participant visits and navigates a clinical trial website which involves a web-
based intervention, they may perform different interactions that can be tracked with tracking
methods. This thesis aimed to investigate usage data in clinical trials, providing a deeper insight into
the tracking methods used and explore how to encourage usage and engagement with web-based
interventions.

A systematic review was undertaken to ascertain current practice among web-based intervention
trials in terms of collecting, reporting and analysing web usage data. A mixed methods (TRACK) study
was then conducted, including qualitative semi-structured interviews and an online survey to
investigate trial teams’ experiences of using tracking methods for web-based interventions. A tracking
web usage project then examined further tracking methods in the context of these interventions. A
test website was developed to facilitate assessment of various tracking methods, which were
implemented, configured and used to evaluate various usage metrics to allow for a summary of their
use, advantages and disadvantages. Finally, a qualitative study involving focus groups of trialists was
conducted to investigate how to encourage participants’ usage and engagement with web-based
interventions.

Of 1727 studies identified in the systematic review, 812 trials of web-based interventions published
up to the end of 2017 were eligible and demonstrated a growing trend over time. Ninety of the 100
sampled studies collected web usage data, but more than half (49, 54%) did not state the method
used for recording web usage. Only four studies attempted to check on the reliability of their web
usage data collection methods.

In the TRACK study, 16 trialists participated in 14 interviews and 12 online surveys were completed.
The most frequently chosen tracking method was Google Analytics followed by a website platform
feature, server logs and bespoke software. Trialists’ most common reason for choosing the method
Was previous experience.

The tracking web usage project evaluated five tracking methods: server logs, Google Analytics, Open
Web Analytics, Matomo and Amplitude. The accuracy of the methods was checked by testing seven
usage metrics: page views, timestamps, logins, IP address, clicks, document downloads and external
links. The findings from this project suggest that tracking methods can provide reliable data to trialists
but at least basic technical knowledge is required to implement and use the methods.

A total of four focus groups were conducted involving 15 trialists, and findings suggest that a
combination of various usage, subjective and more general metrics can be used to determine
engagement. The majority of trialists recommended features that they found useful to increase usage
and engagement with user experience being the highest ranked feature, including the participants’
perspectives and the role of technology in web-based interventions.

Usage data are important for trialists to demonstrate whether interventions are beneficial and to link
usage with the effectiveness of the web-based intervention. These data are most objectively obtained
by tracking methods rather than participant self-report, and their utilisation is important for trialists
to obtain reliable data. Findings from the thesis suggest that these tracking methods can be
successfully implemented, configured and used in the context of web-based interventions. Combining
usage data with qualitative data and other metrics such as attrition, reminders, and typing into
intervention website leads to more detailed insight and evaluation of web-based interventions and
outcomes. To increase usage and engagement, trialists are recommended to focus on the needs, views
and perspectives of the participants. Web-based interventions should be designed incorporating
features and designs to enhance interaction, including interactive features, human involvement,
reminders and tailoring. Emerging technology should also be considered, considering the target
population, current regulations, and computer and technology literacy.
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1.Introduction

The ever increasing availability of access to the world wide web has opened up the ability to
utilise the Internet as a tool and online interventions to be used to solve clinical problems (1).
An increase in online interventions and trials has led trialists to question how best to measure
and improve usage and engagement of participants (2). Trial participants’ use of a web-based
intervention can be recorded and monitored, providing an immediate indication of the degree
to which each participant used their assigned intervention. This information on usage is
crucial to determine how web usage and engagement impacts on participant’ outcomes.
Modern day web analytics tracking methods can be used to gather usage data. Some methods

initially intended for marketing purposes have been adopted by researchers in this field (3).

12



However, their implementation and use for web-based interventions has yet to be explored.
The reliability of these methods is not guaranteed and inaccuracies can be associated with
the data.

The focus of this thesis was to explore and investigate web usage data in clinical trials, to
determine the extent of its use in web-based interventions and how to assess them. It also
examines how to implement and use different tracking methods to ensure best practice of
collection of usage data. The popular topic of how to increase usage and engagement was

also investigated. In particular, the following research questions were explored:

e What is the current practice among web-based intervention trials in terms of
collecting, reporting and analysing web usage data?

e What tracking methods trialists do use to collect usage data and what is their
experience with these methods?

e How can tracking methods be implemented and used in the context of web-based
interventions, which are easiest to implement and extract data from, and which
provide the most accurate data?

e How can usage of and engagement with web-based interventions be measured and

encouraged among trial participants?

Chapter 2 provides a background on the topic of web usage data in clinical trials. It starts with
the concept of clinical trials, focusing on randomised controlled trials (RCTs) that involve web-
based interventions. Web usage data, their importance and an overview of how they can be
gathered, analysed and reported is presented, as well as the most common terms in this field
associated with usage data. An introduction into the tracking methods used to record usage

metrics is also given.

In Chapter 3 a published systematic review (SR) of web-based interventions in RCTs is
presented, evaluating the extent and use of these interventions in RCTs, their characteristics
and how their web usage data are collected, reported and analysed. Tracking methods for
collecting usage data are explored and whether trialists check on their reliability. This SR
investigates whether patterns and levels of usage are reported as well as whether specific

adjustment was made for intervention usage for any outcomes in the analysis.
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Chapter 4 presents the TRACK study. This study seeks to explore the tracking methods that
trialists use to gather usage data and their experience with the methods. The study involves

mixed methods, including interviews and a survey with international trialists.

Chapter 5 presents the results of a tracking web usage project, which investigates and
evaluates different tracking methods for recording usage. Data are simulated manually and
via software to check the accuracy of the methods by testing commonly used usage metrics.
The aim of is to develop recommendations regarding reliable tracking methods for use with
web-based interventions and to demonstrate how these can be setup and adapted to be used

in the context of web-based interventions.

Chapter 6 is dedicated to the focus group study. This work explored the topic of participants’
usage and engagement with web-based interventions. Insight is gathered from international
trialists to develop guidance on determining engagement; encouraging participant
engagement and usage; and suggestions for design features to enhance usage and

engagement.

Chapter 7 concludes the thesis with a discussion on the main findings from all chapters and
recommendations for assessing web usage data in RCTs of web-based interventions and ideas

for further research.
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2.Background

2.1 Introduction

This chapter begins by describing clinical trials, focusing on randomised controlled trials that
involve web-based interventions. It introduces the web usage data and their importance
proving an overview of how those can be gathered, analysed and reported. Most common
terms in this field associated with the usage data are presented. The intervention usage can
be measured by specific metrics and the collection of these data is recorded by the use of the

tracking methods which are described at the end of the chapter.
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2.2 Randomised controlled trials

Randomised controlled trials (RCTs) are research studies which aim to determine the safety
and efficacy of different interventions (4, 5). Examples of such interventions include drugs,
behavioural interventions (e.g. therapy for mental health conditions, dietary plan or weight
reduction regime) (6). New treatments can be compared with existing treatments or, in the
case of conditions for which there are no available treatments, to placebos or no treatment
(3).

RCTs need a clearly defined clinical question, a predefined population and informed consent
from all participants (2). Before a clinical trial is conducted, a protocol is developed including
all details about the interventions, participant eligibility, what is to be investigated, how and
why.

Participants in RCTs are randomly assigned to one of the treatment arms so that trialists can
make an unbiased assessment of treatment effects (2-5). This randomisation process is
considered to be the most efficacious and powerful design in clinical research (6, 7). It can be
achieved through random number generation and gives each study participant equal chance
of being allocated to either treatment arm (8). After randomisation, participants are followed
up prospectively to assess their outcomes (5). The final results and analyses are then used to
determine the effectiveness of the intervention by determining differences between
treatment groups in terms of outcomes (5). These results and their interpretation need to be
analysed in detail alongside a constructive discussion (3).

The process of blinding is used to further eliminate bias in RCTs. Trials can be single-blinded,
double-blinded or non-blinded (3). Blinding in RCTs refers to the process of disguising the
treatment the participants are randomised to (9). The purpose of blinding participants to their
treatment is that participants’ attitude may potentially influence their response to the
treatment. In double-blinded studies both the participants and trialists are blinded to ensure
that the knowledge of the treatment does not impact the care received by participants or

their perception of the treatment they are receiving.

16



Intervention arm |——» Qutcome

Trial Randomisation
participants :> process

-
.

Control arm —_ Qutcome

Figure 1. Pattern for a parallel group trial

Figure 1 shows the pattern for a parallel group trial, which is the most common and simple
type of trial, but there are other types such as crossover or factorial (10). In a parallel group
trial participants groups are randomised to one of the study interventions whereas in a
crossover trial each participant is given series of all study interventions in a consecutive order
(10, 11). A factorial design allows two or more interventions to be evaluated simultaneously,
using four or more intervention groups (10, 12).

A cluster RCT involves randomisation of groups of participants to an intervention unlike
individual level randomisation, where participants are allocated individually to an
intervention (13, 14).

RCTs can be classified as “superiority”, “equivalence” or “non-inferiority” depending on their
research hypothesis. Superiority trials are designed to prove that one treatment is superior
to another (15) while equivalence trials aim to prove that the treatments are equivalent (with
equivalence defined as “not too different” in a clinical manner) (2, 15). Non-inferiority trials
are designed to establish that a new investigational treatment is not clinically inferior to an
existing treatment (15).

Study participants need to fulfil the specified eligibility criteria so precisely defined inclusion
and exclusion criteria are developed initially (3). In the past trial participants were recruited
through contact with their physicians but since the emergence of the Internet and increased
numbers of people with easy access to the Internet, participants can now be recruited online

(2, 16). Online recruitment tools such as social media advertisements (for example, Facebook
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or Google search engine advertisements) and other website campaigns can be used to recruit
participants (16).

The flow of participants and their progress throughout the trial is often illustrated in
publications via a flow diagram, which usually consists of the following sections: enrolment,
intervention allocation, follow-up and data analysis. The Consolidated Standards of Reporting
Trials (CONSORT) (17) flow diagram is the “gold” standard used by trialists (Figure 2). The
CONSORT guidelines were introduced in 1996 to improve consistency and quality of reporting
in RCTs (7).

The statistical methods used at the end to analyse data commonly include the ITT (intention-
to-treat) or the PP (per-protocol) principle. In ITT analysis all study participants after
randomisation are included regardless of withdrawal, discontinuation of randomised
treatment, loss to follow-up or any other post-randomisation events (18). ITT analysis
provides an estimate of the treatment effectiveness i.e., the effect of being randomised to
the treatment, rather than the effect of necessarily receiving the randomised treatment.
Variation of this method is the modified ITT (mITT) which excludes some study participants if
this can be justified, for example excluding patients if they did not receive a minimum amount
of study treatment (3, 18). PP analysis includes only those study participants who fully
adhered to the study protocol (19). Completer analysis is another form of PP analysis which
(depending on the specific definition stated) may relate to completion of the intervention or
follow up (20).

Commonly used methods to estimate efficacy, allowing for participants’ usage of assigned
intervention, include PP (per protocol), as treated and completer analyses (21). However, the
use of these methods when a trial is subject to deviations from randomised treatment may
introduce bias, and more appropriate causal methods should be used, such as complier

average causal effect (CACE) analysis (22).
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Figure 2. The CONSORT flow chart template (taken from the CONSORT website)
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2.3 Clinical trials utilising web-based interventions

Traditionally trials have been conducted in a clinical setting; however, with the increase of
the Internet as a mainstream communication channel, there has been an increase in the use
of Internet, E-Mail, SMS and social media for communication between clinicians and study
participants and the delivery of trial interventions (8, 9). In this thesis, a web-based or an
online intervention is defined as one that is “downloadable or accessible via the Internet
through a web browser”, which can take the form of (but not limited to) a website, E-mail or
a web message board. Various definitions of web-based interventions are found in the
literature, some of which also include social media and mobile phone applications.

Web-based interventions aim to increase knowledge and provide care or treatment to

patients (10). They have been classified by Barak et al, (11) into three subtypes:

(1) web-based educational interventions;
(2) self-guided web-based interventions; and

(3) human supported web-based interventions.

Web-based educational interventions are used to provide educational information to
participants (12). These interventions can help participants to acquire health information
needed to assist them in the recovery process or educate them about their condition (12). An
example of such an intervention is the web-based educational intervention for patients with
uninvestigated dyspepsia referred for upper gastrointestinal tract endoscopy; this
intervention aims to educate patients about dyspepsia and effectively decreases the need for
upper gastrointestinal tract endoscopic procedures (13) .

Self-guided web-based interventions offer participants self-guided and structured program
usually consisting of set of modules, lessons or interactive exercises to acquire self-help (14).
These interventions usually consist of cognitive behavioural elements (14). An example of
such an intervention is a self-guided intervention aimed at participants with gambling
problems (15).

Human supported web-based interventions are web-based interventions that are supported
by clinical personnel (11). An example of such an intervention is the therapist supported

intervention for children and young people with tic disorders (16).
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Web-based interventions may be suitable for a range of different health problems and are
often used for health promotion and to support mental health. Examples include web-based
interventions to promote physical activity; prevention and treating depression, anxiety,
eating disorders; online mindfulness interventions; reducing or cession of drinking, gambling,
smoking; web-based cognitive-behavioural therapy (CBT); self-management of long-term
conditions such as diabetes and many others.

Due to the accessibility of the Internet and flexibility in modern browsers and mobile devices,
clinical trials can now be conducted remotely i.e. where recruitment, consent, randomisation,
intervention and follow up are all conducted online (4, 17). These are known as ‘decentralised’
trials; the REACT trial is an example of a fully online trial. REACT stands for The Relatives
Education And Coping Toolkit, which is an online self-help toolkit for relatives of people with
mental health problems like psychosis or bipolar disorders.

Advantages of these interventions are their convenience and flexibility as they can be
accessed anywhere using the Internet. They can reach a diverse population including people
living in rural and remote areas. As such, these interventions have enormous potential to
improve health and healthcare delivery (4, 18-20) providing an accessible mechanism for
delivering intervention without the need for participants to travel to a clinic or having to wait
for a clinic appointment. However, issues can include inclusivity, the level of digital literacy
and accessibility (21). Effective utilisation of these interventions can be limited if participants
are lacking required technical knowledge, access to the Internet or suitable devices (21, 22).
Concerns about this digital divide of people with and without full access to digital technologies
have been recognised (22-24).

The National Institute for Health and Care Excellence (NICE) in the UK published their
Evidence Standards Framework for digital health technologies (25) and Public Health England
also published a guide on evaluating digital health products (26) which demonstrates
increasing recognition that such interventions are important. The Covid-19 pandemic
emphasised the usefulness of this way of delivering health care even further (27) as web-
based interventions are all the more important in pandemic times. These interventions have
the potential to protect patients and clinicians because they reduce the need for a face-to-
face contact (27). Another advantage of these interventions is the low cost of access and use
so they provide cost-effective solution health care (28, 29). They have the potential to reach

patients at a low access cost (20) and to reduce the cost of travelling to a clinic for both
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patients and medical personnel (30). The main cost associated with these interventions
occurs at the development stage, so they are considered economical especially when used by
higher number of people (20). These interventions can also be more discreet, and participants
can feel more at ease than in face-to-face interventions (31) because they can preserve their
privacy and anonymity. Participants can go through the intervention at their own pace
without interference and this may encourage more participants to seek treatment and
become involved (14).

In web-based interventions the treatment can be presented in specifically designed
interactive components such as modules, assignments, lessons and exercises. These
components can include text elements, videos, audio recordings, images, tests and interactive
games. Use of interactive components allows simplification and visual presentation of
complex information (20). These may all be available immediately, in which case participants
can choose which component to access and complete. Alternatively, the components may
only be accessible sequentially, such that subsequent components become available only on
participant completion of previous components. The number of these interactive
components varies per intervention. The length of web-based interventions also varies; some
may be intended to last a short period of time (minutes or days) whereas others last much

longer (weeks or months).

2.4 Usage, engagement, attrition and adherence as terms

Attrition or dropout refers to the loss of participants from study follow up (32, 33).
Participants that drop out from a drug, surgery trials, physiotherapies or other treatments
might have still had acquired positive clinical outcomes. Similar to this, in trials of web-based
interventions if a participant drops out they may have interacted sufficiently with the
intervention to obtain clinically significant benefits before dropping out of follow-up. A
participant could, for example, complete all modules or assignments in a web-based
intervention before dropping out. Conversely, a participant may complete all follow up but
not use the web-based intervention at all. Trialists tend to report attrition but this is not
sufficient to describe the level of interaction of the participants with a web-based
intervention since the attrition rate does not indicate how much a participant has interacted

with an intervention (34). Therefore, to show the amount of use of the intervention the term
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“usage” is introduced. The term “usage” refers to the participants’ degree of exposure to the
intervention content (34-36). Usage can be measured by metrics such as time spent on using
a program, the number of modules completed, how many logins to the intervention and
various other activities that can be captured when a participant navigates a website
intervention. In some trials, participants are sometimes required to “adhere” with the
intervention to a certain level. Adherence in web-based interventions refers to the degree to
which participants’ interaction with the intervention content matches that intended usage
pattern provided by trialists (34). For example, if the intended usage provided by trialists is
that a participant should complete each of the five modules weekly and the participant
completed only two on time that means that the participant was 40% adherent. When
interventions are not prescribed with specific usage requirements, participants can choose
the components that they want to complete in the order they want without needing to
adhere to any specific guidelines i.e. the degree of use of the web-based intervention that
they chose to engage with may well be optional. One possible advantage of this approach is
when there is interest in obtaining insight into which modules engage participants the most
(37). To encourage adherence trialists can use reminders, for example an automated
reminder that a new module is available or a general reminder to use the intervention.

A particularly popular term relating to usage of web-based intervention is “engagement”,
which is used by trialists to explain the “real interaction” of participants with a web-based
intervention (38). Engagement relates to the extent that the participant connects with the
content of the intervention. It comprises more than just usage, as participants may review or
complete the full intervention without really interacting or engaging. Engagement requires a
gualitative assessment of the participant experience in addition to or in place of objective

measures of usage, such that it not always easy to evaluate.

2.5 Usage metrics

Usage metrics that can be gathered to measure participants’ usage of a web-based
intervention are numerous. Table 1 provides explanations of some commonly used metrics.
A participant can interact with the intervention website on different levels and usage metrics
help to get an insight of how participants use the intervention (39). Participant summary

measures can be derived from these metrics, for example a participant’s average page view
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duration or an average time spent on site. Tracking usage of the individual components of an
intervention (for example, modules, lessons and sessions) is useful to provide insight into the
usage of each component type. The term “session” in this field usually refers to a content
component of an intervention that is similar to a module or a lesson. However, “session” in

technical terms refers to a “single log in or the amount of times a specific activity is accessed”

(40)).

Table 1. Glossary of terms for collecting usage data

Usage metric

Description/Example

Browser Type

Type of browser used such as “Google Chrome”, “Firefox”,
“Microsoft Edge”.

Click/Link A single instance of a participant following a hyperlink from one
page in an intervention website to another.

Device Type of device such as desktop, tablet, mobile.

Frequency How often participants access an intervention website in a given

time period.

Geographical Location
(Geolocation)

Where in the world the client computer is located (or the ISP
that the client connects to). This is determined by looking up the
physical location of the IP address using a lookup service such as
https://www.iplocation.net/.

Hit A request for a resource from the webserver.

IP Address The network (Internet Protocol) address (41) of the
computer/device accessing the website, e.g. 127.0.0.1

Login Signing in, using credentials to gain access to the intervention

website.

Module/session/lesson

Interactive components of an intervention website. Example of
other such components can include exercises, assignments or
similar that represent the individual components.

Page Name The name of the intervention website/URL being accessed.
Page View The request for a website.
Pathway The chronological sequence of pages that a participant accessed

in a specific session or visit.

Session Duration
(technical)

Average amount of time that participant spend on the
intervention website each time they visit. It is calculated as the
sum total of the duration of all the sessions divided by the total
number of sessions.

Time spent on site

The time that a participant (individually) or participants spend
online on the intervention website.

Timestamps

A sequence of characters containing information about the time
a certain activity has occurred. Timestamps can be used to
calculate time spent on site.

24



https://www.iplocation.net/

Usage metric Description/Example

Unique Client The uniquely identified client generating page views within a
specific time period. The unique client is often a combination of
computer and browser.

User ID A unique identifier for the participant accessing the page, this
could be derived from a unique URL or information obtained
when a participant logs in to the intervention website.

Video usage Number of videos viewed, length of videos viewed, which video
has been watched if multiple videos on website, YouTube videos
viewed.

Visit / Session The series of pages that the same uniquely identified client has

requested within a defined time period.

Web-based games Games on the website, such as those which are interactive or
educational.

2.6 Reporting usage in RCTs of web-based interventions

Usage data are becoming increasingly important, in order to analyse how much the
intervention is being used by trial participants and to link the effectiveness of the web
intervention with the actual usage of the intervention. Knowing how and to what extent a
user uses a web-based intervention can eventually provide valuable information not only on
how much the web-based intervention was utilised but also can assist into understanding the
efficacy of the each. In order to allow analysis of web usage data in RCTs, information on
usage should be reported by trialists. With the increasing complexity and design of clinical
trials, it has become clear that extensions to the original CONSORT statement would be
required to provide increased clarity of reporting across these new designs, interventions and
data sets. To address the specific challenges of web, mobile, and app-based intervention
studies, the Consolidated Standards of Reporting Trials of Electronic and Mobile Health
Applications and online TeleHealth (CONSORT-EHEALTH) extension was published in 2011 (7,
42). The CONSORT-EHEALTH guideline encourages trialists to report engagement and usage;
in subitem 6a-ii, it suggests that “researchers explain how use and engagement was measured
and defined” and in subitem 7-I it asks that “use and usage outcomes should be reported”

(42).
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2.7 Tracking methods for collecting usage data

Usage metrics can be captured using various automated tracking methods (tools) (43).
Tracking methods have been developed throughout the years and have been adapted to be
used in this field and in scientific research. They can be split into two categories, either client
(browser) based or server based. Client based methods, such as Google Analytics (GA) (44),
rely on the web browser supporting them (e.g. JavaScript (JS) (45) being enabled) (46, 47)
whilst server based methods such as web-server log data (48) will always be populated, as
they record what data are sent to the client. The term GA covers all of the tracking and
analytics tools available from Google to track users’ activities on web sites. Client based
methods also include JS trackers such as Open Web Analytics (49), Matomo (formerly known
as Piwik) (50), Amplitude (51) and others.

To allow trialists to receive accurate information about participants’ usage, it is important to
determine the accuracy of the tracking methods used. Data from different tracking methods
can be compared and these data may not always match completely. For example, reports on
certain usage metrics between GA and Matomo have a potential to differ by between 5% and
10% (52). The basic concept in all tracking methods is the same but they may not report the
same tracking data, as they differ in the way they track, report, and analyse data. Some of
these methods, such as GA, were not originally designed for accurate reporting of usage but
have been adopted by researchers to measure usage.

To link intervention usage to a particular participant, rather than just obtaining general
information about overall intervention usage by all participants, each participant requires a
unique identifier (UID), such as the study randomisation number, username or an IP address
(53). The use of a UID facilitates linking intervention usage with outcome data on an individual
participant basis. Such data are important for trialists to gather these data as information on
aggregated data cannot provide enough detailed information.

The tracking methods, usage metrics and the terms described above are explored in more

depth in context of web-based interventions in the following chapters.
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3.Systematic review of web-based
interventions in randomised controlled
trials

3.1 Introduction

This chapter describes the methods and results of a systematic review (SR) of web-based
interventions in RCTs. This review aimed to determine the extent of web-based intervention
use in RCTs, to assess the characteristics of web-based interventions in RCTs and ascertain
current practice among online intervention RCTs in terms of collecting, reporting and
analysing of web usage data. Information was extracted on methods for gathering usage data
currently used in existing web-based intervention RCTs, whether trialists checked on the
reliability of their methods, and whether they prescribed an “online dose” meaning that
participants were told (“prescribed”) how to use the web-based intervention and how often.
Reports on patterns and levels of usage were explored, as well as whether specific adjustment

was made for intervention usage for any outcomes in the analysis.
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3.2 Previous systematic reviews of web-based interventions

A SR is a research method used in many disciplines, designed to answer a specified research
guestion and provide a comprehensive summary of the outcomes of research (54-56). This
method has been widely adopted for research in RCTs. Conducting a SR is often an important
stage when planning to apply for funding for an RCT, as the SR will determine whether the
research question of interest can already be answered from existing data available from
studies that have already been carried out. A SR involves searching for and combining
information from all studies that can be accessed relating to a given clinical research question
(57).

SRs are carried out to provide greater insight in health research. These reviews follow strict
methodology, including predetermined search strategies for the selection of studies (54) with
carefully chosen search terms. Prior to publishing a SR, a protocol for the review is essential
to ensure transparency, rigorous conduct and evidence of thoroughly planned work.

The first phase of this research was a search to determine if the review question had been
investigated recently. An initial search of PubMed (58) was completed to ascertain whether
there had been any SRs of web-based intervention trials published to date (see Table 2 for
search terms). The search terms were chosen with a PubMed librarian (59) to ensure all

relevant studies would be included.

Table 2. Search for published systematic reviews of web-based intervention trials

(online[tiab] OR digital[tiab] OR web-based OR web) AND internet[majr] AND

("Systematic Review"[Publication Type] OR "Systematic Reviews as Topic"[Mesh])

(PLUS manual entry of upper limit of 31/12/2017 for date published)

To be eligible the study needed to be a SR of a web-based intervention in any clinical specialty,
written in English and published by the end of 31/12/2017.

The PubMed search for SRs of web-based intervention trials identified 271 citations, 123 of
which were found to be eligible following review of titles and abstracts.

These SRs covered a wide range of clinical or methodological areas, most commonly health

promotion (47, 38%) and mental health (40, 32.5%) as shown on Table 3. These SRs focused
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on topics such as outcomes, successful interventions, comparison of web-based interventions
vs face-to-face interventions, why these interventions are delivered through Internet or
examining whether these interventions cause more harm than good (8, 60-64). None of these
SRs included a comprehensive search of all published online health intervention trials, rather

they concentrated on individual clinical specialties.

Table 3. Clinical or methodological areas covered by systematic reviews identified in search

Clinical area Number (% of 123 systematic reviews)
Breastfeeding 1(0.8)
Cancer 4 (3.3)
Cardiovascular 4 (3.3)
Caregivers 1(0.8)
Chronic health conditions 1(0.8)
Cyberbullying 1(0.8)
Dentistry 1(0.8)
Diabetes 8 (6.5)
HIV 3(2.4)
Health promotion? 47 (38.2)

Physical activity | 12 (9.8)

Weight | 10 (8.1)

Diet | 10 (8.1)
Alcohol | 7 (5.7)
Smoking cessation | 6 (4.9)
Lifestyle/health behaviours | 6 (4.9)
Sexual health | 3 (2.4)
Gambling | 1 (0.8)

Social | 1 (0.8)
Insomnia 1(0.8)
Health information 1(0.8)
Networking 1(0.8)
Mental Health 40 (32.5)
Meta-analyses 1(0.8)
Neurology 1(0.8)
Pain 3(2.4)
Phalloplasty 1(0.8)
Respiratory 1(0.8)
e-trials 1(0.8)
e-health definitions 1(0.8)

1 Note that 5 reviews covered 2 health promotion areas and 2 reviews covered 3 health promotion areas.
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3.3 Aims and objectives

This SR was conducted to ascertain the extent and nature of web-based intervention use in
trials and the current practice among trialists in terms of collecting, reporting and analysis of
web usage data. The SR also assessed the study characteristics of these trials, including the
types of design, intervention format and clinical areas.

The review addressed the following questions:

1) How many RCTs utilising web-based interventions have been published up to the end of
20177

2) What are the characteristics of the RCTs?

3) On average, how many of those RCTs collect, report and analyse web usage data?

4) What methods do trialists use to ascertain trial participants’ usage with web-based
interventions?

5) What statistical methods are used to account for intervention usage in outcome analyses?

3.4 Methods

After the initial systematic search of PubMed to ascertain whether there had been any SRs of
web-based intervention trials published to date, the electronic database PubMed was then
searched to identify all RCTs of web-based intervention trials published by the end of 2017
(see Table 4 for search terms). The protocol for the SR was developed according to the
International Prospective Register of SRs (PROSPERO) (65), the registration number is
CRD42018095116 (66).

3.4.1 Selection criteria

To be included in the SR studies had to meet the following inclusion criteria:
e ARCT
e Involving a web-based intervention

e Indexed in PubMed up to the end of 2017.
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Reports that met the following exclusion criteria were not considered for this review:

e RCTs that did not involve a web-based intervention

e Non-randomised studies (e.g. feasibility studies that does not involve
randomisation, observational studies, quasi-randomised studies, surveys, lessons
from previous studies, questionnaire analyses, educational studies)

e Secondary analysis studies

e RCT protocols

e SRs

3.4.2 Searchterm

The search terms for the SR were developed with a PubMed librarian (67) same as with the
systematic search to ensure that all relevant studies will be included. The following search

term was used:

Table 4. Search for published web-based intervention trials

online[tiab] OR digital[tiab] OR web-based OR web) AND
internet[majr] AND

(“Randomized Controlled Trial” [Publication Type] OR randomized control trial OR
randomised control trial OR controlled trial OR controlled clinical trial OR RCT

(PLUS manual entry of upper limit of 31/12/2017 for date published)

3.4.3 Selection of eligible publications

Duplicate records were removed, and all abstracts identified through the PubMed search
were read by in order to assess eligibility of each study according to the inclusion/exclusion
criteria. Where there was any uncertainty regarding eligibility, supervisors were consulted
and any disagreements were resolved by consensus. The eligibility of 5% (77) of the abstracts
were randomly selected and reviewed by my supervisors to validate this process, on which

there was 100% agreement.
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Due to the number of publications returned (n= 1726) it was decided to base this SR on a
representative sample of publications. One hundred studies were randomly selected from the
cohort of eligible RCTs identified in this search, with sampling proportional to the annual
distribution of publication years across the entire set of included studies as shown on Figure

3. Appendix 1 lists all of the studies included in the full review.

3.4.4 Data collection form

The initial data extraction form was piloted on five studies and refined accordingly with
additional relevant questions added. The final dataset included the study characteristics;
whether a CONSORT (68) flow diagram and a CONSORT-EHEALTH (42) checklist were
reported; whether treatment protocol deviations (i.e. changes to randomised online
intervention) were reported; the methods used to collect web usage data; and which
statistical analysis methods were used to adjust for intervention usage. Any uncertainty about
the extracted data was resolved by discussion with supervisors. Appendix 2 lists the final data

extraction form.

3.5 Results

3.5.1 Summary of search results

The electronic database search yielded 1726 studies meeting the required criteria (Figure 3).
After removing nine duplicates, there were 812 eligible and 906 ineligible studies based on
the review of abstracts, including one publication identified manually as the original trial
report relating to another publication identified in the search. Of the 100 eligible studies
selected for data extraction, six were subsequently excluded after reading the full publication.
These ineligible studies were replaced with an additional six eligible studies for data

extraction.
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Figure 3. Flowchart describing the systematic literature review process
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3.5.2 Published RCTs of web-based interventions

The number of RCTs using web-based interventions is displayed in Figure 4 demonstrating an
increasing trend in the use of web-based interventions within RCTs with random fluctuation
between successive years. However, despite this increase, the number of RCTs utilising web-
based interventions remains proportionally low when compared to the total number of RCTs
during this period (estimated as 496,238 from a PubMed search on 26/03/2019). The
reduction seen after 2015 is likely to be due to publications not being fully indexed or
registered within the PubMed database when the search was run (12/02/2018) and a PubMed
librarian confirmed that new publications can be posted on PubMed later than their
publication date (59).

The slight drop in 2014 likely to be a random fluctuation rather than anything related to the

registration life cycle.
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Number of eligible published studies
Number of sampled eligible studies
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All eligible published studies @————- Sampled eligible studies

Figure 4. Distribution of RCTs utilising web-based interventions each year
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3.5.3 Description of studies and study characteristics

As can be seen from Table 5 most of these studies covered health promotion (42%, most

commonly smoking cessation, physical activity and weight) and mental health (32%).

Table 5. Clinical or methodological areas identified in studies

Clinical area

Health Promotion 42

Weight

Physical activity

Alcohol

Eating disorder

Tanning

NRW W[ |

Lifestyle behaviours

Smoking cessation 11

General health management

Diet

Sexual Health

Physical activity and diet

RIN|R(N|-

Adolescent health

Mental Health 32

Cancer 4

w

Respiratory llinesses

w

Neurology

Diabetes 3

Other 13

Dentistry

Pain

Otolaryngology

Autonomic Arousal

Discharge from Emergency Department

Cardiovascular

Parathyroid disorder

HIV

Cancer screening

RIR|IRRINR[(RIN|R|N

Women's Health
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Characteristics of the 100 publications randomly selected for data extraction are given in

Table 6.
Table 6. Description of studies and study characteristics

Design
Superiority 98
Equivalence 2
Blinding
Not stated 40
None 46
Single 13
Double 1
Web-based intervention
Website 77
Website plus additional element 10
Internet (Other) 13
Control arm
Not stated 3
No intervention 9
Non Internet intervention 28
Waiting list group 32
Website 14
Internet (other) 14
Intervention instructions
Email instructions alone 24
Face to face instructions alone 13
Online/website information 8
Combined instructions 15
Other 5
Not stated 35
CONSORT flow diagram presented? 79
CONSORT E-HEALTH guidelines? 26 (38.2)
Amount of missing primary outcome data reported 87
Mean (SD) 25.7 (18.6)
Range (0,81)

The vast majority of RCTs had a superiority design and did not use blinding (which refers to
the lack of knowledge relating to the treatment to which participants are assigned (69)), or
did not state whether there was any blinding. Thirteen studies reported being single-blind (six

reported blinding of the assessors, six of the patients and one of the clinicians) and only one

2 Denominator is equal to 100, as all trials were published after the original CONSORT flow diagram (1996).
3 Denominator is equal to the number of trials published since CONSORT-EHEALTH (2011) (n=68).
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study reported being double-blind (patients and assessors). In the 86 trials that stated that
there was no blinding, or did not mention blinding, the web-based and control interventions
took different formats (most commonly a website intervention versus a wait list (25) or non-
Internet (18) intervention), which would have made it difficult to blind participants.

The majority of studies involved a website as the intervention. Other interventions included:
a podcast; E-mails; Internet video conference; web applications; web video camera; computer
simulation; computer generated photo aging intervention; web-message boards; Internet
partner (exercising with an Internet partner); YouTube video; online video; and Internet video
conference. Ten studies reported a website plus an additional element, which took the form
of: a mobile app; online video; social media; interactive voice response; personal activity
monitor; personal digital assistant; or an online forum.

The most common type of control arm intervention was waiting list (delayed treatment)
followed by non-Internet interventions (face-to-face intervention, written materials and
treatment as usual). Control arm web-based interventions were in the form of a website or
other type of web-based interventions.

Table 7 displays the crosstabulation of web-based and control interventions in the 100

sampled trials.

Table 7. Cross-tabulation of randomised arms

Control intervention Web-based intervention
Website Website plus Internet (other) Total
additional
element
Website 12 2 0 14
Internet (other) 10 0 4 14
Waiting list group 26 2 4 32
Non Internet 20 4 4 28
intervention
No intervention 6 2 1 9
Not stated 3 0 0 3
Total 77 10 13 100
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Trialists used various formats to present instructions to guide the participants on how to use
the web-based intervention (Figure 5). They relied on email, face-to-face, online/website
information, combined instructions or other type of instructions (sealed envelopes, phone
calls, printed instructions, mailed instructions). The rationale for their choice of instruction

format was not explained by any of the trialists.

35%

5%

m Email instructions alone m Face to face instructions alone
® Online/website information Combined instructions
Other Not stated

Figure 5. Intervention instructions

Table 8 gives further details about the type of combined instructions.

Table 8. Combined instructions

=
(92

Combined instructions

Email + online/website information

Email + phone calls

F2F + printed instructions

F2F + printed instructions + optional phone instructions
F2F + email

F2F + instructional video

F2F + online/website information

Phone calls + mail

RIRRWRO|(R|R
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By assessing their characteristics further, information was extracted on whether trialists were
including a CONSORT flow diagram and a CONSORT-EHEALTH checklist and how many of
those reported collection of web usage.

Seventy-nine of the 100 studies included a CONSORT flow diagram, whilst 26 (38% of the 68
studies published after the CONSORT-EHEALTH guideline, 2011) included a CONSORT-
EHEALTH checklist (Table 9). Sixty (88.2%) of these 68 studies collected web usage data as

shown in Figure 6.

| I | I I |
2012 2013 2014 2015 2016 2017
Year

All trials ———-—- Number of same trials collecting web usage

Figure 6. RCTs of web-based interventions published after CONSORT-EHEALTH (total and
number that collected web usage)

Table 9 summarises the rates of web usage data reporting in RCTs before and after the
publication of CONSORT-EHEALTH (2011). The publication of CONSORT-EHEALTH does not
appear to have positively influenced the rate of reporting web usage. Among those RCTs
published after CONSORT-EHEALTH, those that included CONSORT-EHEALTH checklist had a
lower rate of reporting web usage (84.6%) than those that did not include a checklist (90.5%).

However, this difference is not statistically significant at the 5% significance level as the p-
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value using the Pearson’s chi-squared test is 0.466. Before 2011 the rate of reporting web

usage data was even higher (93.8%) with 30 out of 32 RCTs recording web usage.

Table 9. Rates of reporting web usage data according to publication year and CONSORT-
EHEALTH checklist reporting

Publication year Reported web usage data Total
Yes No

<2011 30 (93.8%) 2 (6.2%) 32

>2011 | Included Yes 22 (84.6%) 4 (15.4%) 26
CONSORT-
EHEALTH No 38 (90.5%) 4 (9.5%) 42
checklist

Total 90 10 100

Figure 7 shows comparison between RCTs reporting CONSORT-EHEALTH checklist versus
same RCTs, which also reported about collecting web usage. Out of 26 trial publications that
included a CONSORT-EHEALTH checklist, four did not report whether web usage data were
collected. There were different reasons for not reporting usage in these four publications:
one trial acknowledged collecting usage data with the intention to publish usage in a separate
publication; one trial did not collect usage due to privacy protection (with no further
explanation); one trial gave no explanation on why usage was not collected and it was not
possible to access the CONSORT-EHEALTH checklist in the fourth trial (due to an expired or
invalid checklist hyperlink).

In this SR 87 of the sampled studies reported attrition rates. The mean overall attrition rate
from the RCTs was 25.7%. The mean attrition rate for the intervention group was slightly
higher than the control group. Of the 87 RCTs that reported attrition rates, two studies
reported having no attrition at all (70, 71).

Table 10 gives further details on amount of missing primary data reported for the intervention

and control groups.
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Trials reporting E-HEALTH checklist

————— Same trials also collecting usage

Figure 7. RCTs reporting E-HEALTH checklist vs RCTs reporting E-HEALTH checklist and
collecting web usage

Table 10. Percentage of missing primary outcome data reported in 87 studies

Percentage of missing primary outcome data reported

Intervention group

Mean (SD) 28.8 (20.7)
Median 27.5
IQR (13.5,47.2)
Range (0,73.5)
Control group

Mean (SD) 23.3(18.0)
Median 11.2
IQR (8.8,37.6)
Range (0,70.1)
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3.5.4 Collection and reporting of web usage data

Table 11 shows results of collecting and reporting of the reported web usage data from the
studies.

Table 11. Summary of collecting and reporting web usage data

Number (=% of 100 studies)

Web usage collected

No 10
Yes 90
Unique Identifier 51
Implied but not specified 7
No 3
Not stated 29
Performed check on reliability of methods
Multiple methods 2
Single method 2

Online intervention changes reported

Online intervention prematurely terminated | 29
Online intervention switches to alternative | 2

arm
Online intervention switches to non-online | 2
non-trial intervention
No 67

Web usage was collected in 90 of the studies, but more than half (49, 54%) of these studies
did not state the method used for recording the usage. The most commonly reported
methods used for tracking usage were logs, mainly server logs who were used eight times
alone and once along another method (Figure 8). Other methods included website tracking
data, GA, self-reported data and various other tracking methods. A clarification for the term
of website tracking data needs to be addressed. Findings in the systematic review show that
the trialists referred to the term “website tracking data”. In the interviews in the TRACK study
in Chapter 4 website tracking data was referred to as a website platform feature to describe
the method used for obtaining website tracking data. As the SR was published before the

TRACK study the term “website tracking data” will remain throughout this chapter.
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Methods used to obtain web usage

50
40
30

20

1ZUu:1uEUu

Logs Website GA Software Self-reporting  Others Not stated
tracking tools

i Alone 1With Logs H With tracking data

Figure 8. Web usage data collection methods among 90 trials which collected web usage
data

Only four of 90 trial reports mentioned checking the reliability of their usage tracking
methods, two of which used more than two tracking methods to capture and compare usage
data.

Among the 87 trials involving a website, 78 (90%) recorded usage metrics, most commonly in
terms of logins (27,31%), modules (14, 16%) and time spent on site (13, 13.9%) (see Table 12).
Twenty-one (24.1%) of these trials recorded a combination of two usage metrics, most
commonly logins plus an additional metric (13, 14.9%). Four trials (4.6%) recorded
combination of three usage metrics (logins, time spent on site and modules; logins, time spent
on site and page views, logins, time spent on site and visits; visits, page views and
timestamps).

Among the 13 trials involving an online intervention other than a website, 12 (92.3%)
recorded usage, most commonly sessions (2, 15.4%) and video usage (2, 15.4%) (Table 13).
Two (15.4%) of these trials recorded more than one usage metric (sessions and time spent on

site and logins and visits).
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Table 12. Web usage metrics recorded among trials which involved a website

Number of trials

(% out of 87
trials?)
No web usage data collected 9(10.3)
Logins 27 (31%)
Modules 14 (16%)
Time spent on site 13 (14.9%)
Visits 9 (10.3%)
Sessions 8 (9.2%)
Page views 8 (9.2%)
Clicks 5(5.7%)
Timestamps 3 (3.4%)
Others 16 (18.4%)

Table 13. Web usage metrics recorded among trials which involved a web-based

intervention other than a website

Number of trials
(% out of 13

trials®)
No web usage data collected 1(7.7%)
Sessions 2 (15.4%)
Video usage 2 (15.4%)
Time spent on site 1(7.7%)
Logins 1(7.7%)
Visits 1(7.7%)
Page views 1(7.7%)
Others 6 (46.1%)

Forty (44%) of the 90 trials that collected web usage reported using UID, most commonly login

credentials or IP addresses (see Table 14). An additional 11 (12%) publications reported the

use of server or electronic logs to record web usage, both of which have the potential to

include UIDs. Seven (8%) of the 90 trials implied having UIDs but did not state what type of

UID was used.

4 Note that 21 trials included two metrics of usage and four trials included three metrics of usage.
5 Note that two trials included two metrics of usage.
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Table 14. Unique identifiers reported

Number (=% of 100 studies)
Web usage collected 90
Unique identifier 40
Potential unique identifier (server/electronic logs) 11
Implied unique identifier but not specified 7
No unique identifier 3
Not stated 29

Trialists reported changes to randomised online intervention (treatment protocol deviations)
in 33 of the studies. Departures from randomised treatment included failing to initiate
treatment (in 15 trials, for example when participants did not activate account, access site or
log in), premature discontinuation of the intervention (in 18 trials, for example when
participants withdrew from the trial or experienced difficulties using site); switching to an
alternative arm, which was reported in two trials; and switching to non-online treatment,

reported in two trials (receiving face-to-face therapy).

3.5.5 Intervention dose

Sixty-nine of our sample studies specified a recommended dose of the online intervention, 62
(90%) of which measured web usage. Dose was specified in terms of sessions, modules, or
assignments in 35 (50.7%) of these 69 studies (mean, SD = 2.8, 2.3; range = 1, 14).

Duration of the “prescribed” online dose was not reported in 46 studies meaning that the
dose was specified in terms of number of sessions, modules, assignments but without giving
specific time frame for completion of these tasks. Of the 23 studies that reported a time frame
for the use of the web-based intervention, the duration ranged from 1-12 weeks (mean, SD =
2.2, 1.3), with the exception of one study which reported a duration of 150 days (5 months).
The average dose frequency was one task per week in 25 (36%) of the 69 studies that
recommended a dose. Six studies (9%) reported that participants had more than one task to
complete per week and seven studies (10%) reported that participants were due to complete
tasks less frequently than one per week.

In relation to the total intervention dose, 24 studies estimated the total usage participation

of between 10 to 1260 minutes.
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3.5.6 Analyses involving usage and statistical methods to account for web usage
in outcome analyses

Table 15 describes the trial analysis sets and analyses involving usage.

Table 15. Analysis set and statistical methods of usage analyses

Number (=% of 100 studies)

Analysis set
ITT alone 44
PP (including completer analysis)® 4
ITT and other analysis 12

ITT and PP (including completer analysis) ’ 11

ITT and responder only analysis 1

Unspecified 40
Any analysis involving usage 35
Comparison of web usage between randomised 3
arms
Assessed patterns of web usage 4
Correlation between web usage and outcome 9
Completer analysis 11
Regression analyses with intervention use as a 6
covariate
Causal analysis (CACE) 2

Of the 60 RCTs that defined analysis populations, 44 reported using ITT population alone and
12 used ITT alongside other analysis populations (10 ITT/PP combinations, one ITT/Completer
analysis and one modified ITT/responder only analysis (responder analysis based on
completing follow up)).

Only 35 (39%) of the 90 trials which collected web usage data investigated levels of usage
(Table 15). Nine RCTs made correlation between web usage and outcome; Lundgren et al (72)
stated that the number of logins to the web-based intervention correlated significantly with
improvement in depressive symptoms. Three RCTs made comparison of web usage between
randomised arms. Alley et al (73) compared intervention website usage between intervention
groups and Kukafka et al (74) looked at differences between randomised arms with respect
to the frequency of system (web-based intervention) use. Four RCTs assessed patterns of web

usage only. In Ramadas et al (75), trial usage to the intervention was assessed by the number

6 One trial was labeled as PP and wasn’t categorized as such by the authors.
7 Five RCTs didn’t specifically state the analysis as “PP” but were categorised as such, due to the inclusion of a “completers”
analysis, with “completer” defined in terms of engagement with the intervention.
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of logins and duration spent in minutes on the website. They reported that acceptability
measures were moderately correlated with the intervention usage metrics. Bowen et al (76)
and Fleischer et al (77) examined website usage data to assess patterns and frequency of use;
in addition, Fleischer et al (77) examined differences between participants who did and did
not use the intervention website. Meischke et al (78) examined patterns of usage and made
comparison between those who were and were not categorised as super-engagers.

To adjust for non- usage for any outcomes, 19 (21%) used statistical methods such as
completer analysis (11 RCTs), regression analyses with intervention use as a covariate (six
RCTs) and CACE (two RCTs). One of the two trials that used CACE analysis did not present
results or explain their method further, while the other trial presented CACE results and
explained that this analysis estimates the potential efficacy among participants who would

comply with their randomised intervention.

3.6 Strengths and limitations of the systematic review

To the best of the author’s knowledge this is the first SR to investigate the extent and nature
of web-based interventions in clinical trials and the current practice among trialists in terms
of collecting, reporting and analysing usage data. This SR investigated the characteristics of
the web-based interventions and the methods used to measure, report and analyse usage.
The SR included all web-based interventions without focusing in one area in particular.

This review was not designed to identify trials which utilised mobile phone applications or
social media interventions. This was a conscious decision because the primary aim was to
determine the frequency with which trialists monitored web usage.

Only 100 of the eligible trial publications were included in the data extraction exercise. Due
to the high number of eligible trials 812 the sample size needed to be limited and this number
was considered sufficient to give reliable estimates and an accurate indication of trends in
reporting and analysis. There is no sample size calculation for this number but it represents a
sufficiently large sample to provide precision in the results without demanding too much
work.

The process of determining eligibility of web-based intervention trials was based on the
review of abstracts only; therefore, some ineligible studies were initially included but later

identified; as evidenced by the exclusion of six of the studies from the sample of 100 studies.
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This review is limited by the search of the online publications database of PubMed alone. The
number of web-based interventions in 2016/7 will be underestimated from this search, due
to delays in registration and indexing of studies within PubMed. PubMed indexes the majority
of, but not all, Health Informatics journals; there are currently 286 Health Informatics type
journals, of which 196 are indexed in PubMed. Therefore, the total of 806 trials cannot be
taken as the absolute number of web-based intervention trials published up to the end of

2017.

3.7 Discussion

In order to increase the knowledge of participants’ usage in RCTs it is important to know how
many reports of RCTs of web-based interventions in all clinical areas have been published,
what characterises them and how many of them collect and analyse usage information.
Although the use of web-based interventions in RCTs has increased over the last 15 years, the
number is still relatively low in comparison to the overall number of published trials.

A random sample of 100 trials suggests that online interventions are most commonly used
for health promotion (42%) or mental health issues (32%), with the remaining 26% of trials
covering 14 clinical areas, including cancer (4%), diabetes (3%) and neurology (3%). The
review of SRs of web-based intervention studies demonstrated a similar pattern, with 38% of
reviews relating to health promotion interventions and 33% relating to mental health. All SRs
identified were restricted to trials within a certain clinical condition, other than the review by
Mathieu et al (8), which only included trials that were fully or primarily conducted online (for
example, involving online recruitment, consent, randomisation and follow up) while Lustria
et al (62) reviewed trials which defined “eHealth”. As such, this review of SRs demonstrated
that there were no previously published reviews of all web-based intervention studies,
providing evidence of the novelty and usefulness of the present SR study.

By assessing their characteristics, it can be noted that the vast majority of sampled RCTs were
designed as superiority trials and either did not use blinding or did not state whether there
was any blinding. In trials of web-based interventions, blinding can be more challenging than
in standard interventions. Blinding in web-based interventions can be done if participants of
the control group are allocated to an existing web-based intervention for example a standard

website (8). Participants in the intervention group will then have access to an upgraded
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website with interactive features (8) and are not going to be familiar with the standard
website. Blinding is optimal whenever possible to avoid risk of bias due to expectations
associated with intervention (79, 80) but only 13 of the 100 RCTs reported blinding.

The trial web-based interventions included in the sampled studies usually took the form of a
website (77%); an additional 10 studies used a website in combination with an additional
element and 13 studies used other web-based intervention, namely: mobile app; web-based
message boards; emails; Internet video conference; web application; web video camera;
computer simulation; computer generated photo aging intervention; and an Internet partner.
Although it was decided that the scope of this SR would not extend specifically to include
mobile apps (and therefore this term was not included in the search strategy), the search did
identify one such RCT.

Good quality reporting allows clinicians and researchers to replicate trial methods (81) and
supports understanding of the trial methods, interventions and outcomes. This SR suggests
that there is a need for greater adherence to reporting guidelines in publications of web-
based intervention trials. Less than 80% of the trials in our sample presented CONSORT flow
diagrams, which is considerably less than the 96% reported to have presented CONSORT flow
diagrams in a sample of 100 trials published in 2008 (82).

The CONSORT-EHEALTH guideline recommends reporting data collection methods and results
relating to usage, but not all studies that included a CONSORT-EHEALTH checklist reported
information on collection of web usage data. Indeed, the publication of CONSORT-EHEALTH
does not seem to have influenced the quality of reporting regarding web usage, as the rate of
reporting web usage data was higher before the publication of CONSORT-EHEALTH; however,
this observation is based on a relatively small number of trials and the difference observed is
not statistically significant.

Results from this SR show that in terms of giving intervention instructions to participants on
how to use the online intervention, trialists use various types of instructions; participants can
receive instructions in the form of emails, face-to-face, online/website information, or a
combination of various instructions. There was no indication on what was the most
appropriate and efficient way was of delivering instructions or if any type was preferred by
participants.

Generally, trialists in these studies did report attrition, with 87 of them reporting these rates

and one RCT providing an explanation on why there were unable to capture attrition rates.
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Seventy-nine RCTs reported a CONSORT diagram; there were eight additional RCTs which did
not include CONSORT diagram but still reported attrition rates.

One third of the studies reported online intervention changes. Examples of such changes
included premature discontinuation of the treatment, failure to activate account or log in, not
downloading the intervention or login failures.

Unlike drug interventions, the adherence to which can be summarised using uncomplicated
measures of treatment intake (for example, initiation, completion and persistence (82)), web-
based interventions often involve multiple features, usage and engagement with which may
be more complex to record. This review demonstrated that trialists collect data on a wide
variety of web usage metrics, most commonly logins, modules and sessions (intervention
components) and time spent on site. Almost one third of the trials (27/90, 30%) which
recorded web usage information collected usage data on more than one metric, the most
common combination being logins and time spent on site. The likelihood of web usage being
measured did not vary according to whether participants were recommended to follow a
specific dose: the proportion of trials that measured usage was equal to 90% in those trials
which did, and in those which did not, specify a recommended dose. Participants were
‘prescribed’ certain interactive components (sessions, modules, lessons) to complete in a
certain amount of time in 69 trials. Among those RCTs that reported a duration associated
with the web-based intervention, most ranged from 1-12 weeks.

Out of 90 studies collecting web usage, 49 (54%) studies did not mention the tracking method
used to ascertain trial participants’ web usage. The most common methods reported to
record web usage data included logs (predominantly server logs), website tracking data, GA
and self-report data. Although automated capture of participants’ use of web-based
interventions may be assumed to be more straightforward and reliable than the usual
measures used to capture drug treatment intake (which typically involve participant self-
report such as pill counts and treatment diaries, and therefore are potentially subject to recall
bias or distortion), this is not necessarily the case. This is going to be examined in Chapter 5
which reports results from an evaluation of different tracking methods. Assessing reliability
of usage data collection methods is therefore vital, but very few trialists in our sample
mentioned checking the reliability of their usage measurement methods. Accuracy of
methods for collection web usage data was rarely explored in the 100 sampled studies with

only 4 (4.4%) of 90 RCTs reporting about reliability. Van Rosmalen-Nooijens et al (83)
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compared results from GA, content management system logs (CMS) and data files with self-
reported data from participants and concluded that the actual usage information from the
different sources corresponded well. Fleisher et al (77) found discrepancies in self-reported
data and actual usage data obtained from the NetTracker software tool. Nguyen et al (84) and
Mermelstein et al (85) also aimed to assess the reliability of their methods but both studies
reported a lack of reliability of their data due to technical or logistical issues.

Trialists rarely provided a rationale for their choice of web usage metrics or analysis methods
to adjust for web usage. Of the 90 RCTs that collected web usage data, only one third of
trialists investigated patterns of web usage. Half of these explored patterns of usage in the
form of comparison of web usage between randomised arms, assessing patterns of web usage
only, or correlation between usage and outcome.

Only two of the 15 trials which adjusted their outcomes for usage levels used an appropriate
method of causal analysis (CACE) to estimate efficacy, suggesting a lack of awareness
regarding appropriate methods to account for the impact of participants’ usage on their

outcomes.
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4.Investigating trial teams’ experiences of
using tracking methods for web-based
interventions: A mixed methods study

4.1 Introduction

The systematic review (86) described in Chapter 3 showed that there is an increasing trend in
the use of web-based interventions in RCTs. Although the majority of studies reported
collecting details on web usage, more than half did not state the tracking method used, or did
not provide the level of detail expected from the CONSORT-EHEALTH guideline on reporting
web usage data and collection methods. This finding highlighted the need to conduct a mixed
methods study (the TRACK study), combining interviews and an online survey to investigate
trial teams’ experiences of using tracking methods for web-based interventions including: the
reasons for choosing a particular method; ease of implementation and use; and the costs
associated with the use of different tracking methods. Such information may be beneficial for
other trialists when deciding which tracking method would be the most appropriate for

tracking participants’ usage with web-based interventions.
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4.2 Aims and objectives

The aim of the TRACK study was to explore trialists’ experiences of implementing tracking
methods to determine usage in trials of web-based interventions.

The objectives of this study were to review and explore:

1. reasons for choosing a particular tracking method, what influenced this decision, and
how it was decided;

2. ease of implementation of the tracking method, whether developers’ assistance was
needed for setup, the timescale of the implementation process, and any obstacles that
were experienced during the process;

3. experience of using the tracking method, whether the tracking method met or
exceeded the trialists’ expectations, whether the data obtained were sufficient for
purpose and provided all information needed;

4. costs associated with the tracking method, including the costs of accessing the

tracking method, implementation, extracting data and maintenance.

4.3 Methodology

The mixed methods design for the TRACK study combined qualitative semi-structured online
interviews and an online survey.

Qualitative research focusses on the process of gathering, analysing and interpreting
descriptive textual data (87-89). This method helps to understand and view data more
thoroughly by putting the user in the focus (87-89). In clinical trials, qualitative insight enables
an exploration of participant and trialists’ experiences of an intervention, drug or a treatment
(87, 88). It also helps to identify and address issues that can be difficult to explore using
guantitative methods (87-89). Qualitative research has increasingly been recognised to have
an important role in the field of clinical trials of health care, behavioural and public health
interventions (90). Interviews are effective to provide in depth individual insight into given
topic. They can help explore interviewees opinions, views, experiences and get better
understanding on the research topic (91).

The surveys were added as an option if there was no response from participants to the

interview request in order to maximise the insight gained. Survey can help gather data from
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a geographically diverse population providing ease of access (92). Survey participants can also
remain anonymous if they want to and they benefit from choosing a desirable completion
time without needing to agree to a specific time with the interviewer (92). Because it was
pivotal to gather individual experiences of using a particular tracking method it was decided
for the TRACK study to combine these techniques.

In order to guide the development of study materials and analysis of data a phenomenological
approach was chosen. Phenomenology is a philosophical approach to qualitative research
that focuses on an individual’s experience of a specific phenomena (93, 94). Phenomenology
studies help to understand the meaning of people’s lived experience of events or structures
(94). As a researched methodology, phenomenology can be used when a study is exploring
what a particular experience means to a group of people (94). Therefore, this approach was
chosen to inform TRACK study methodology as it is aligned with the main aim of exploring
trialists’ individual experiences with their tracking methods. Phenomenology in health
research can help trialists to learn from the experiences of others hence the experiences of
trialists’ use of tracking methods can help other trialists (95). Past experience can also
influence which of the methods is used and, although using exactly the same method, trialists
could have different experiences.

In traditional qualitative research it is not common to include quantitative results; however,
this was felt to be appropriate for this particular study. Quantitative data were needed to
convey a better understanding of the use of the tracking methods showing the number of
methods used, usage metrics, advantages and disadvantages of methods, demographic
details for trialists, and other important information to supplement the qualitative data.
Reflexivity in qualitative research enables researchers to examine their own judgment and
reduce the degree to which personal opinions and knowledge has influenced the research
(96, 97). This is required to maintain ethical decisions after gathering trialists led data from
the interviews and surveys (97). The TRACK study contained certain technical details and the
author’s background is in computer science and software engineering. However, the
development of the study and the coding framework was agreed with the supervisory team
as part of the reflexive process and to ensure authors’ views did not influence or bias
interview/survey conduct, analysis and interpretation. Therefore, the author aimed to reduce
the impact that her perspectives on tracking methods influenced how interviews were

conducted and the interpretation of findings to draw data driven conclusions.
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The interview topic guide and related survey questions were developed using findings from
the systematic review, which demonstrated that the tracking method used was not stated in
more than half of the trials; thus, it was decided to investigate this topic. So, the topic was
developed to explore the tracking methods used in context of web-based interventions
ensuring that enough information was gathered to provide detailed description of the use of
the tracking methods, advantages and disadvantages, and main features. The initial proposed
topic guide by the author was reviewed, amended and expanded after discussion with the
supervisors.

Appendix 3 lists the survey questions and Appendix 4 the interview topic guide. Both the

interviews and the survey aimed to address the same study aims and objectives.

4.3.1 Online versus face-to-face interviews

Eligible participants included international trialists involved in RCTs investigating web-based
interventions. To maximise the potential sample and implications of findings, trialists were
eligible from any country.

Due to the COVID-19 pandemic, interviews could only be made remotely (either online or by
phone) rather than in person due to the infection control measures implemented by
governments world-wide.

Research conducted online has advantages of involving participants world-wide and reaching
a higher number of people (98, 99). Online research also benefits from being easier to arrange
meetings and people did not need to travel.

However, face to face interviews benefit from having direct eye-contact in person with
participants, which may be more comfortable for the participants and make easier for them
to engage (or engage more timid participants). Also, face to face interview mean that
participants do not need to have knowledge of online technology, install online platforms or
have reliable wi-fi (99). Online interviews may be hampered by technical issues with wi-fi and
communication platform installation. However, trialists involved in this type of research did
have knowledge in creating web-based interventions, so they were comfortable using

technology and no undesired issues were anticipated.
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Another point was taking consent from participants which would have been easier in in-
person communication rather than via email. However, this was adapted to the study and

consent forms were obtained without any issues.

4.3.2 Ethical approval

Ethical approval was granted by the University of Liverpool, Health and Life Sciences Research
Ethics Committee (Human participants, tissues and databases) review number 7981 on the

10/09/2020.

4.3.3 Inclusion/Exclusion criteria

Members of trial teams were eligible to participate if they had:

(1) knowledge of tracking web usage in web-based interventions as part of a RCT.
Exclusion criteria for this study were:

(1) members of trial teams who do not speak English;

(2) members of trial teams who were not aware of details relating to web usage tracking;

(3) trials in which usage was measured using participant self-reported data alone.

4.3.4 Recruitment and sampling

A search of RCT publications indexed in PubMed was conducted to identify eligible trials. The
primary search of PubMed was supplemented with searches of the Journal of Medical

Internet Research, Google Scholar and Scopus. The search terms are shown in Table 16.
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Table 16. Search strategy of RCTs of web-based interventions

PubMed search JMIR search Google Scholar/Scopus
search

(online[tiab] OR digital[tiab] randomized controlled web-based AND intervention

OR web-based OR web) AND | trial of web-based online | AND randomised AND

internet[majr] intervention controlled AND trial AND NOT
protocol AND NOT systematic

AND ("Randomized AND review

Controlled Trial" [Publication
Type] OR randomized control
trial

OR randomised control trial
OR controlled trial OR
controlled clinical trial OR
RCT)

PLUS manual entry for data
limit of 2015

The reason for extending the PubMed search was to identify trials that had been published in
2020 and not yet been indexed in PubMed as well to include preprints. The search aimed to
identify trials of web-based interventions published since 2015 that reported collecting web
usage data. This study sought recently published trials to obtain more up to date information
about tracking methods in use by trialists, given that tracking methods change rapidly over
time. Eligible studies were identified, and the corresponding authors of these studies were
contacted via email to ask if they or other members of the trial team had been involved and
aware of details relating to tracking web usage. The contact details of eligible team members,
such as the Chief Investigator (Cl) or Information Systems (IS) person were requested when
appropriate.

Participants were contacted via email invitation (Appendix 5) and sent the study Participant
Information Sheet (PIS) (Appendix 6). Each potential participant was invited to take part in
the interview. If they did not respond within two weeks, a reminder email (Appendix 7) was
sent which included the option to take part in a survey if they were unable to take part in an
interview.

The flow chart of the recruitment process is shown on Figure 9.
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4.4 Interviews

4.4.1 Arranging interviews

Once eligible trials were identified the corresponding authors were contacted via email. If
they responded to state that they were willing to participate, a suitable time and date was
arranged for an interview and a calendar invitation was sent to the interviewee confirming
the date, time and the platform. Trialists were given the option to have an interview via

telephone, Zoom (100) or Microsoft TEAMS (101) platforms.

4.4.2 Informed consent

At the beginning of the interview, it was checked that the participant had had sufficient time
to read the study PIS. If they had not, this document was read through with the participant.
The aims of the study were explained, providing an opportunity for questions, and verbal
informed consent for the study was obtained. This involved reading each aspect of the
Participant Consent Form (Appendix 8) to participants, including consent for audio/video
recording and receiving a copy of the findings at the end of the study. Each box on the consent
form was ticked when the participant provided verbal consent. Informed consent discussions

were video recorded for auditing purposes.
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Records identified through PubMed
supplemented with specific journals
for preprint articles (n= 260)

N

Full text records screened for
eligibility (n=240)

Duplicates removed (n=20)

A

Eligible records and participation
requests (n=118)

Non-eligible records (n=122)
Web usage not tracked: 115

Intervention ineligible for the study
(app): 7

A

Responses (n=57)

v

No response (n=61)

| 4

(n=31)

Participated in an interview/survey

\ 4

Failed to materialise into
interviews/surveys (n= 26)

No further response: 6
Deemed ineligible: 5
Declined to participate: 12

Could not proceed: 3

/

A

v

Analysed interviews (n=14)

Analysed surveys (n=12)

N

/

Total analysed (n=26)

Could not be included (n=5)

Filled out survey but data removed
from analyses due to ineligible
tracking method:2

Participated in an interview but data
removed from analyses due to
responses not relevant to the tracking
method or reported ineligible tracking
method (database):3

Figure 9. Recruitment process
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4.4.3 Interview conduct

The interview commenced with the interview topic guide which explored:
e acceptability of the tracking method and the reasons for choosing it
e the implementation process of the tracking method, including trialists’ views on the
ease of the process
e the general use of the tracking method including any features that enhanced the
positive experience or presented a problem for users
e the costs associated with the use of the tracking method
The study used an iterative approach whereby early findings or areas of questioning were
added to the topic guide as the study progressed. After the interview was completed, the
consent form was also signed by the author. The participant thank you letter and a copy of
the consent form was then emailed to the participant. No incentives were provided to the

participants.

4.5 Online survey

If potential participants did not respond to the email invitation a second follow up email was
sent, which contained the option of completing a questionnaire instead of an interview. A link
to the online survey questionnaire was provided in the email for completion. The online
survey was conducted via JISC Online surveys program (formerly BOS) (102). Image of the JISC
online surveys dashboard is shown on Figure 10.

At the beginning of the survey, a series of consent statements with check boxes were used to
seek consent for participation. If participants did not tick all the mandatory boxes they were
unable to proceed with the survey and a thank you message appeared on the screen.

The survey covered the same topics as the interviews. A combination of closed and open-
ended questions was used. When the survey was complete, a message thanked participants

for their time. Figure 11 shows the first three pages of the online survey.
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Figure 11. Design of the JISC online survey (first three pages displayed only)
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4.6 Sample size

Interviews were conducted until the point of data saturation was reached. This is when the
main findings identified in new data are reoccurring from previous interviews and no new
information is being discovered that will enhance the findings of the study (103, 104). Based
on previously conducted similar studies (105), the anticipated number of interview
participants required to reach data saturation was between 15-25.

As the survey was designed as a backup method to capture the views of those who did not
respond to an interview invitation or did not have time to complete an interview, a target

sample size was not applicable.

4.7 Data analysis

Interviews were video or audio recorded, transcribed verbatim, checked and anonymised.
NVivo Pro 12 software (106) was used for organising and indexing data. Data were analysed
using a descriptive and thematic approach, which is a research process of examining and
identifying themes in data (107). The thematic analysis was conducted in six phases: 1) gaining
familiarity with the data, 2) initially coding the data, 3) developing the coding framework, 4)
defining and naming themes, 5) completion of coding of transcripts, and 6) producing the
results. Data were coded independently and the first transcript was coded with assistance of
the supervisors. All further queries on coding were directed to supervisors in cases of
uncertainty. The focus was modified to fit with the criterion of catalytic validity (107, 108),
whereby findings should be relevant to future research and practice (for example, future use
of tracking methods in trials).

Qualitative analysis was used to analyse free text responses to open ended questions in line
with the interview data analysis as described above. Quantitative data from questionnaires
were extracted from the JISC software in Excel spreadsheets and descriptive tables were
created.

Data from the interviews and survey were synthesised and analysed together as the questions
in the surveys mirrored those in the interview. Quantitative and qualitative data are
presented here together under the same theme. Table 17 shows the approach to qualitative

data analyses.
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Table 17. Approach to qualitative data analyses

Phase Description
Gaining familiarity with the data Transcripts were read and re-read to
understand data and get initial ideas.

Initially coding the data Initial coding framework was developed
based on the interview topic guide.

Developing the coding framework The coding framework was further
developed as transcripts were analysed and
new themes identified.

Defining and naming themes The themes (nodes) were defined and
reviewed with supervisors during regular
meetings.

Completion of coding of transcripts Transcripts were coded and throughout the

process uncertainties were resolved with
supervisors. The study aims and potential
data saturation were discussed when
looking at the data. When data saturation
was reached the study was completed.
When the coding was completed the next
step was the write up for the thesis.

Producing the results The results and the summary of the results
were written ensuring that key findings were
identified in accordance with the study aims
and relevance to researchers for future
trials.

4.8 Confidentiality, data storage and consent withdrawal

Names, email addresses and (optionally) phone numbers were collected from participants
who wished to take part in an interview or the survey. These details were used to contact
them to arrange interviews, send links to the survey and send electronic copies of the consent
form and study findings (if participants requested a copy). The contact details collected were
not used for any other purpose.

Audio/video recordings of interviews (not consent discussions) were uploaded securely to a

professional transcription company website in accordance with the Data Protection Act 2018.
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Some of the interviews were transcribed by a professional company named UK Transcription
and the rest were transcribed by the author. The transcripts of the interview audio or video
recordings were anonymised as soon as they were received from the transcription company
or during the manual transcription process. Any names or potentially identifying information
from the surveys and the interviews were removed. Audio and video recordings were deleted
once the transcripts had been checked for accuracy.

All data from the interviews and surveys were securely stored in an encrypted electronic file
held on a password-protected university drive and archived securely (to be stored for a
duration of ten years). Publication of direct quotations from participants is necessary when
reporting the results of mixed methods research, but no identifying information appeared in
transcripts and therefore no such information appeared in quotations.

Consent forms were stored securely on a university drive separately so that no link between
the transcripts and the surveys with the participants could be made. Consent forms were kept
for checking purposes only again for a duration of ten years.

Participation was entirely voluntary and participants were able to withdraw at any time
without giving a reason. Participants could choose to withdraw consent from all analysis (i.e.
all data collected to be deleted) or to withdraw consent from further participation (but allow
their data collected to date to be included in analysis). This was explained in the PIS. None of

the participants withdrew from the study.

4.9 Risks and benefits

There was no foreseeable risk to participants and no undesired events occurred.

Eligible participants were able to select the time and date of the interview conducted over
the telephone or web-based platform (Microsoft TEAMS or Zoom). The online survey could
also be conducted at a time convenient for the participants. All interviews were semi-
structured yet conducted in a flexible manner to encourage narrative production and enable
the interviewer to change topic if needed. Participants were informed that they could
terminate the interview, should they wish.

There was no expectation that study participants would benefit directly, although having the
chance to express their opinion may have been useful, allowing them to air their views and

to reflect on things. Taking part in this study gave study participants the chance to share their
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experiences and had their views potentially disseminated as part of the study findings,
eventually to reach other trialists who may want to conduct an RCT of web-based

interventions and are interested in tracking web usage.

4.10 Study results

The TRACK study included 14 interviews with 16 trialists. The majority of interviews were
conducted one to one, with individual trialists. Two interviews involved two trialists from the
same trial to assist reflections and discussion. The total number of online surveys completed
was 12. At this stage it was felt that data saturation was reached, and study recruitment
closed. The recruitment process started in August 2020 and the study ended in March 2021.
Although there was an option to have a telephone interview, based on trialists’ preferences
the interviews were all conducted via Microsoft TEAMS or Zoom only. Results presented here

include data from interviews and online surveys.

4.10.1 Demographic data

Data were collected on gender, country of residence while being involved in the study, job
role while being involved in the study, and educational background. Fifteen females and 11
males participated, plus two trialists who did not provide gender information on the online
survey (Table 18). The study included international trialists from eleven countries, most
commonly Australia and USA (Figure 12). In the online survey participants were from Australia
(3, 10.7%), USA (3, 10.7%), Germany (2, 7.1%), Belgium (1, 3.6%), Denmark (1, 3.6%), Finland
(1, 3.6%), and Switzerland (1, 3.6%). In the interview participants were from Australia (3,
10.7%), USA (3, 10.7%), Canada (3, 10.7%), Netherlands (2, 7.1%), UK (2, 7.1%), Germany (1,
3.6%), Sweden (1, 3.6%), and Switzerland (1, 3.6%).
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Figure 12. Trialists’ country of residence while being involved in the study

Thirteen (46.4%) were researchers, 10 (35.7%) were trial Cl and five (17.8%) were part of a

trial team (trial manager, project manager, research coordinator, and a study coordinator).

Table 18. Demographic table

Country of residence Number (percentage?)
Australia 6 (21.4%)
USA 6 (21.4%)
Canada 3 (10.7%)
Germany 3 (10.7%)
United Kingdom 2 (7.1%)
Netherlands 2 (7.1%)
Switzerland 2 (7.1%)
Belgium 1(3.6%)
Finland 1(3.6%)
Sweden 1(3.6%)
Denmark 1(3.6%)
Gender
Male 11 (39.3%)
Female 15 (53.6%)
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Unknown 2 (7.1%)
Job title
Researchers 13 (46.4%)
Clinical investigators 10 (35.7%)
Part of a trial team 5(17.8%)
Area of research
Psychology 9(32.1%)
Health research 6 (21.4%)
Health Informatics 4 (14.3%)
Medicine 2 (7.1%)
Psychiatry 2 (7.1%)
Physical education 2 (7.1%)
Unknown 2 (7.1%)
Nutrition science 1(3.6%)

The topic guide did not originally include area of research of participants, but as the interviews
progressed, it become apparent that this was important information, in order to understand
the challenges faced when implementing and using the tracking methods. Participants
working in research with an interest in technology might find it easier to implement tracking
methods and their experience might differ from trialists with a non-technical area of research.
This was demonstrated by one participant working in health informatics who took a proactive
approach to test the accuracy of the tracking method before the trial started.

Information was missing from six early interviews and all surveys with regards to area of
research (information was found online). The most common areas of research were

psychology (one third) and health research (one fifth).

4.10.2 Tracking methods used

The most commonly used tracking method was GA (44). GA versions were not confirmed with
participants but Table 19 lists the potential versions that could have been used based on the
date of conducting the trials. GA was featured in seven interviews/surveys, followed by a
website platform feature which was included six times (referred as website tracking data in

the Chapter 3).
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Table 19. Potential GA versions used by trialists

Tracking method answered

Tracking method stated in

paper or protocol

Date that the recruitment

into the study started

Potential versions used

Questionnaires

2 Google Analytics/Universal | Not stated 2016-2017 Universal Analytics/
Analytics Google Tag Manager
3 Google Analytics/Universal | Google Analytics November 2012- June 2014 | Universal Analytics/
Analytics Google Tag Manager
6 Google Analytics/Universal | Google Analytics October 2014 Universal Analytics/
Analytics Google Tag Manager
8 Google Analytics/Universal | Google Analytics August- December 2016 Universal Analytics/
Analytics Google Tag Manager
Interviews
2 Google Analytics Google Analytics March 2012- June 2013 Google
Analytics/Universal
Analytics
4 Google Analytics (used only | Not stated September 2013- October Universal Analytics/
in the pilot) 2015 Google Tag Manager
5 Google Analytics Google Analytics 2011-2012 Google Analytics
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The website platform feature was embedded on the website, built on the platform and
trialists often did not know the name of the platform. For trialists this was usually

“programmed within the intervention” and one described it as:

“Sort of a back office on the website where you can just as provider only you could login to see

the statistics of the website usage”.

P13, Interview

Therefore, trialists who reported using a website platform feature may have used a
mainstream method of which they were unaware.

Although there was a number of trialists who knew exactly what tracking method they used
and they were familiar with it, six considered the tracking method as a part of the platform

on which it was hosted.

“I suppose it's quite difficult to talk about the tracking and | don't know if you find that, if
you’re finding this with other researchers, but because it was about the platform, the tracking
it’s kind of I didn't really think about the tracking as a primary thing when | was doing the
study. So, it's kind of hard to think about it as a separate entity, if that makes sense. So,
thinking about kind of recommending and for me, it's kind of, I'm thinking about the platform

and the tracking is a part of the platform that makes it”.

P16, Interview

Many chose to use server logs, or a bespoke system, as tracking methods and the rest of the

methods were scarcely used. Table 20 lists the tracking methods used.
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Table 20. Tracking methods used

Tracking method used Number (percentage®)
Google Analytics® (GA) 7 (25.0%)
Website platform feature 6 (21.4%)
Bespoke software 5(17.8%)
Server logs 5(17.8%)
Application logs 1(3.6%)
Community surveys Joomla! Plugin 1(3.6%)
Life Guide Software 1(3.6%)
WassUp WordPress plugin 1(3.6%)
WURL (Wireless Universal Resource File) 1(3.6%)

b Percentage calculated out of 28 as 26 trials in total but 2 reported using two methods
¢ For one trial it was used only for the pilot phase

Two trialists reported using a second tracking method: in one trial, both GA and server logs
were used; in another trial GA was used in the pilot phase and then WassUp WordPress plugin
(109) was used for the main trial.

Various comments throughout the interview meetings were raised by trialists with regards to
finding an appropriate tracking method for study purposes. The trialist that used the Life
Guide software mentioned satisfaction with this method and concern if the method would no
longer be available in the future. The reason is that this method is free to use, which makes it
very attractive to researchers especially those with a limited research budget. Two trialists
who were using bespoke software noted that they would benefit from learning about existing
tracking methods, especially the ones that are free. One trialist who used website platform
feature software was unaware of different tracking methods, and others that used GA and

application logs were also interested to learn more about available methods.

“Alternative methods to tracking that are easy to use.”

P7, Questionnaire

4.10.3 Tracking methods preferences

The most frequent reason cited for using a particular tracking method was previous
experience, as answered by more than one third of participants (9, 34.6%). Others common

reasons included the method being free to use (7, 26.9%), recommended (6, 23.1%), and
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already in place (5, 19.2%). Other reasons included data storage capabilities of the method,
ease of use, level of usage detail recorded by the method, well established software, and
suitability for the intervention format. Some trialists stated more than one reason for

choosing the tracking method.

“Um, it's free to use and open source. So, it means that anybody could download it and use it
without having to pay for it. That was a big driver and the driver is the amount of control that
it gave you as a researcher, so you could specify exactly what you wanted to monitor, what
you wanted to record, you could log in at any point to check participants as progress or their
flow of the online intervention at any point. It just gives you a lot of control and also, it's free.

Yeah, so it completely cut out the need for any software developers”.

P6, Interview

Although experience with the method was one of most common reasons to choose a given
method, in more than half of the trials (15, 57.7%) it was reported that trialists did not have
experience of using the method previously. The reasons provided for choosing the tracking
methods are given in Figure 13. Other reasons include amount of control over usage tracking,
no alternative and open source program.

Interestingly, trialists often did not consider using any other tracking method (21, 80.8 %).
Those who did consider other methods (5, 19.2%) noted server logs, GA and Life Guide
software as alternatives.

Interviews and survey responses also indicated that most trialists (18, 69.2%) did not
undertake any research into tracking methods. Five (19.2%) discussed or consulted with co-
investigators and developers (internal) or other trialists (external). Two (11.5%) trialists

researched alternative tracking methods and made comparison between methods.
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Figure 13. Reasons for choosing the tracking methods

4.10.4 Implementation and testing of the tracking methods

The majority of trialists (24, 92.3%) relied on someone else to implement their tracking
method, usually a developer (22, 84.6%). In one trial (3.8%) it was reported that a webmaster
implemented the method, and in another (1, 3.8%), a professor in psychology was responsible
for implementation. In only two trials (7.8%), trialists had implemented the method by
themselves and reported having no challenges in doing so. Those who implemented the
method itself had used Life Guide software and Community surveys Joomla! plugin as tracking
methods.

The topic guide was developed during the study to ask trialists if they had implemented the
tracking method themselves and, if so, whether they had a testing phase to check for
accuracy. Both trialists who had implemented the method themselves had included a testing

phase to check for accuracy of their data.
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Although the topic guide did not include questioning the trialists who did not implement their
method about whether a testing phase was used, this topic occasionally arose during the
interviews. Six trialists stated there was a testing phase to check for accuracy of usage data.
Three confirmed that they not having a testing phase while one was unsure as they assumed
that the developer who implemented the method may have done so at an earlier stage. From
the online surveys no information was obtained on testing phase as all trialists reported that
someone else was responsible for implementing the tracking method.

When describing the testing phase, trialists noted that they had test users that simulated
different scenarios; these were later checked to see if they matched with the data received
from the tracking methods. They all agreed that they wanted to check before going ahead

with the real-world collection of data and ensure that everything was being recorded

properly.

“Yes, we do extensive testing. So, we actually, um, | think we worked with maybe eight or 10
different testers who tested in different like different web browsers, different scenarios. So,
we do like thorough testing to check that everything works as it should, and that everything is
recorded as it should, yeah”.

P6, Interview

One trialist especially acknowledged the importance of having a testing phase.

“I would say the most important part is to test it before using it. So, you want to make sure
that these analytics are working fine. So, do everything necessary to test these analytics before
using them. Because that's normal, in IT you might have an error, a bug what you call it in the
system so it might give you a number but maybe is not the correct number because something
is missing in the way they collected these analytics”.

P15, Interview
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4.10.5 Advantages and disadvantages of the tracking methods

Trialists noted lots of advantages associated with the tracking methods, such as the ability to
track across programs, ease of extracting data or not requiring software developer knowledge
for implementation or use of the method.

The main advantage of tracking methods, which was noted by eight trialists, was the levels of
detail available in the usage information. For example, the ability to measure how much time
people actually spent on various parts of the program and to track other usage metrics they

needed.

“What were they looking at? How often did they visit the site? Those were the things that
made this particular plugin an advantage”.

P1, Interview 4

Other advantages included: the consistency of tracking; good user interface; the fact that they
were able to track patients without influencing them; the method being free or easy to use;
the method being already in place; and that the method automatically tracked usage data.
Objective metrics were also noted by some trialists, with recognition that usage data enabled
them to see how participants interacted with the web-based intervention and the content.

Trialists often noted multiple advantages of their tracking methods.

“Detailed information and pretty straightforward to use”.

P6, Questionnaire

The results of the advantages per tracking method are summarised in Figure 14.
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Figure 14. Advantages associated with the tracking methods
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The main noted disadvantage of tracking methods was difficulties with the data (reported in
23, 88.5%, trials). Trialists had difficulties understanding the data or the format (e.g. in the
case of unstructured data), which made it difficult for them to draw conclusions. They also
noted difficulties handling the data, which also included extracting data or data linkage. All
three trialists that reported difficulties with handling the data used server logs as a tracking
method. Three of the four trialists who reported issues with understanding the data again
used server logs as well as two of the three trialists who reported issues with unstructured
data. Overall, all trialists who noted using server logs reported disadvantages with the data,

often noting more than one.

“One of the downsides is that the data is very hard to handle, like it's a huge amount of lines

with so many logs and it's very hard to make, to receive meaningful measures from that”.

P14, Interview

Trialists also reported difficulties with the analyses of data, meaning that there were unable
to tailor the analyses, or they needed to develop analysis algorithms specifically for their
project.

Difficulties were associated with the functionality and the design of the Ul and the back end

of the tracking methods.

“I thought, from a user-friendly perspective, | thought it could have been better organised on

the back-end.”

P1, Interview 4

Other disadvantages with regards to the limitations in usage tracking, for example not

tracking all usage metrics.

“It provided us with nothing more than usage time in minutes (no usage time of specific

modules of the intervention).”

P5, Questionnaire
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Figure 15. Disadvantages associated with the tracking methods
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In two (7.8%) trials, trialists specifically said that their tracking methods did not have any
disadvantages (“No disadvantages”). Both trialists used website platform feature as a tracking
method. Two trialists (7.8%) did not respond to the question (“None stated”). The summary
of the disadvantages of the tracking methods are given in Figure 15.

More than half of trialists (15, 57.7%) used a method with unlimited storage capabilities. Four
(15.4%) reported that they could have stored data for a limited period, one for a duration of
5-10 years, one for a duration of 2-5 years, and two for a duration of less than six months.
Although the question related to duration of time that data could have been stored, some
trialists also gave input into storage capabilities in terms of number of users in the system.
Their most common answer was that they could have had hundreds or thousands of users.

The most widely used tool to analyse data was SPSS, followed by R as shown on Table 21.

Table 21. Tools to analyse the data

Tools to analyse the data Number (percentage)
SPSS 16 (61.5%)
R 6 (23.1%)
SAS 3 (11.5%)
Stata 3(11.5%)
Excel 2(7.7%)
Bespoke code 2(7.7%)
FileMaker Pro 1(3.8%)
Life Guide Visualisation Tool 1(3.8%)
MATLAB 1(3.8%)
Mplus 1(3.8%)
Python 1(3.8%)
SQL 1(3.8%)

Results regarding use of the same tracking method again if appropriate are given in Figure 16.
The majority of trialists (23, 82.1%) reported that they would use the same tracking method
again, if appropriate. Some reported that would definitely use the method again, while others
would use it depending on cost, data imputation, analysis of results, more detailed tracking
or alongside other tracking method for more detailed tracking. Six trialists were very satisfied
and reported that they are still using it and will continue to use it. Three (10.7%) felt that they
would not use the method again and three (10.7%) said that their decision will depend on

further research.
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Figure 16. Use of a same tracking method if appropriate

The majority of trialists (18, 69.2%) would recommend the tracking method they used to other

trialists. One would recommend the method but would inform other researchers of its cost

as the method used at the time of their trial was free, but that is not the case anymore.

Another trialist would recommend the method together with the platform. Four (15.4%)

would not recommend the method, three (11.5%) said it would depend on the study and one

(3.8%) was unsure. Results are presented in Figure 17.
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Figure 17. Would interviewees recommend the tracking method?

4.10.6 Usage metrics

Time spent on site was the most frequently used usage metric, followed by logins. If the web-

based intervention consisted of interactive components such as modules, assignments and

sessions, the trialists were interested in tracking access and completion of these components.

“So, part of it was we tracked participants accessing the so-called modules which would be

parts of the intervention of the cognitive behavioural intervention. As well as we tracked their

completion of assignments in those modules”.

P9, Interview

Depending on the content of the web-based interventions, trialists could have also tracked

forum activities, opened messages, number of posts made, number of worksheets completed

etc (noted as “Others” in Table 22). Trialists were also interested in tracking video usage

(number of videos viewed, length of videos viewed etc.).
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“So, what we tracked is the use of this website. So how, when people logged in, how many, so

how many times they logged in and how many minutes they’ve spent specifically on the videos

because the website contained videos for mindfulness right. And we wanted to track how

many seconds so, it was for students so the students watched the videos. So, every video. So,

we tracked the use of these videos, how many seconds they played these videos and watched

them”.

P15, Interview

Table 22. Usage metrics recorded

Usage metrics

Number (percentage®)

Time spent on site

20 (71.4%)

Logins 17 (60.7%)
Modules 16 (57.1%)
Device used 6 (21.4%)
Sessions 5(17.9%)
Video usage 5(17.9%)
Timestamps 4 (14.3 %)
Assignments 3 (10.7%)
Browser type 3 (10.7%)
Lessons 3(10.7%)
Visits 3 (10.7%)
Clicks 1(3.6%)

External links 1(3.6%)

Documents downloads 1(3.6%)

Others

19 (67.7%)

d Percentage calculated out of 28 reported tracking methods

Figure 18 shows usage metrics that trialists noted to be tracked by the tracking method(s)

used in their trial.
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Figure 18. Usage metrics recorded per tracking method
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The inability to track all usage metrics of interest was also noted by some trialists. The list of
desired usage metrics per tracking method is given in Figure 19. However, the mention of
certain usage metrics that they would have liked did not necessarily mean that the tracking
method could not track those, as sometimes it can be a matter of cost, additional time for
setting up, slowing down the performance of the web-based intervention website or not
being aware that a metric could in fact be tracked by the tracking method. Some usage
metrics are tracked by default while others are not; in order to track those metrics not
included in the default settings, additional development during the setup phase may be
needed, such as adding extra code. In Chapter 5 examples of enabling certain usage metrics
that trackers do not track in their default settings are given, but since there are numerous

tracking methods their configuration depends on the method itself and the metrics needed.

“Let’s see. And maybe how they navigate through the website, like do they click first and
second, and if you can- Are there some patterns in it or not? For most click patterns. But then
they said that the website would be very slow, when they install this kind of software, so that

was not an option.”

P3, Interview
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4.10.7 Costs associated with the tracking methods

Nineteen trialists (73.1%) did not pay for the tracking method. Of the seven trialists (26.9%)
who paid for the tracking method, five paid for the method as part of the platform so the cost
was calculated as a whole package.

Trialists who noted paying for the methods itself used Community surveys Joomla! plugin
(1/7, 14.3%) and website platform feature (1/7, 14.3%). The trialists who paid for the method
as part of a platform used bespoke software (4/5, 80%) and website platform feature (1/5,
20%).

Some trialists did not know the cost of their tracking methods. Others reported costs that
varied widely according to the tracking method used. One noted paying around £1000 for the
tracking method together with the platform while another that had a bespoke system
developed for them, used for a duration of over a decade, reported paying significantly more
(over £200,000 but this covered the development of the platform on which they run a number

of interventions). For this trialist cost was a major issue.

“Cost is a major issue. And | guess that's one of the probably not helpful for your interview,
but | think that's one of the things that at least historically people have underestimated in
online interventions, the cost of maintaining a secure platform or intervention and keeping it

up to date and everything”.

P10, Interview

Only one trialist was able to quote the cost of the tracking method itself, the Community
surveys Joomla! plugin £55 ($75); they also stated that there were additional associated costs
totalling around £350.

Trialists noted a variety of additional costs associated with their tracking methods. These
included costs for a backup mechanism, data analysis, data extraction, hosting on the server,
implementation, keeping up to date, licences for extensions, mailing component,
maintenance, receiving tracking data, software firewalls, technical support, testing and

checking, and to use software during research (Figure 20).
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“We did actually, we cost it a very small amount for Life Guide technical support and | think
they charged us something like hundred pounds to hosted on their server. So, like £100 total
and | can't remember what we cost it for Life Guide support, but it would have been something

like a really small percentage of a researchers’ time. So, maybe an hour a week”.

P6, Interview

To use software during research
Testing and checking

Technical support

Software firewalls

Receiving tracking data
Maintenance

Mailing component

Lisences for extensions

Keeping up to date
Implementation .
Hosting on the server

Data Extraction

Data Analysis

Backup mechanism

o
=
N

3 4 5 6 7

B Google Analytics/ Universal Analytics B Website platform feature

M Bespoke software Server logs
B Application logs B Community surveys Joomla! plugin
M Life Guide software m WassUp WordPress plugin

B WURL (Wireless Universal Resource File)
Figure 20. Additional costs associated with the tracking methods
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The seven trialists who paid for the tracking method were generally in favour of paying. One
stated that they expected the tracking data received to be more structured, although if there
is a free method available that presumably provided more structured data that would have
been a better option. Two answered that they would definitely pay for a tracking method
while four said they would pay depending on cost and value it would bring to the web-based

intervention.

“Yeah, there's, it's unavoidable, you have to pay for that. | mean, everything you need to
implement in IT, you have to pay for it. So, there is no way around it. So, if you need it yes, of

course”.

P15, Interview

Four trialists of those who paid for the tracking method (4/7, 57.1%) said that the cost of the
method did not influence their decision to use the method.

Trialists who used free tracking methods were also asked whether they think that using a free
tracking method was the best option or if investment in a tracking method would have
brought better results. Nine of those (9/19, 47.4%) were in favour of using a free tracking
method and one trialist said that they are in favour of using the method but only if it remains
to be free. Four trialists (4/19, 21%) said that they were in favour of an investment in a
tracking method. Three trialists (3/19, 15.8%) were unsure and three did not state their
answer (3/19, 15.8%). One trialist (1/19, 5.3%) answered that their decision will depend on

the quality of investment.

“Yeah, | think it’s depends on the quality of what that investment would yield. So, if it saves
time of the study team having to figure it out things and ran those small pieces of code to get
the answers they wanted and if they felt more comfortable with the dashboard that may be
was easily accessible, understandable and customisable it probably it would be worth an
investment of several thousand dollars or so. Um, if that isn’t the case if does the same things

then use free”.

P2, Interview 4
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4.,10.8 Additional comments

At the very end of the interview or the online survey, the participants were given a chance to
add any additional comments they might have, anything they wished to add about their
experience with the tracking method. Additional comments were also gathered during the
interviews/surveys when trialists moved from the current subject and talked about other

things regarding trials of web-based interventions and the tracking methods used.

4.10.8.1 Technology and behaviour change

Some trialists talked about the blend of technology and behaviour change. They talked about
the connection between technology and behaviour and the importance of utilising the

technology in the right manner but also to understand how people use technology currently.

4.10.8.2 Calculating exact time on intervention

When talking about calculating exact time on the web-based intervention, many wanted to
know exactly how much time participants spent on the intervention and to calculate the exact
time spent on doing certain activities, for example how long it took someone to answer a

specific question.

4.10.8.3 Challenge to figure it out usage data

Challenges working out what to do with the usage data, what useful information can be taken
from usage data and what is clinically relevant were also noted. The trialists also talked about
difficulties interpreting the data, in particular making conclusions when some people engage
more than others, given the fact that some participants need more time to process

information.

4.10.8.4 Comments associated with engagement

Trialists also made various comments related to the term “engagement”. Some talked about
the fact that engagement can be subjective as patients can engage differently and the

trajectory can differ.
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4.10.8.5 Value of experience

Lastly trialists talked about the valuable experience gained from their trials. This related to
the research into collection and analysis of their data to inform future usage, the experience
with the use of their tracking methods and designing a web-based intervention.

Illustrative quotations for these themes are shown in the table of additional comments Table

23.
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Table 23. Supportive table of additional comments

Description Additional comments

Technology and behaviour change “I think you really ought to — people ought to — understand
it more deeply and broadly than just, “Let's just go make a
program,” and throw it into an RCT, and publish, and, “Oh,
boy, we're off on our journey.” | think there's so much more
to it that's a blend of technology and behaviour change”.

P1, Interview

Calculating exact time on intervention “How and when to exclude track entries for time spent
when it becomes obvious that someone is just online and
does not work on the intervention.”

P3, Questionnaire

Challenge to figure it out usage data “I mentioned already the complication of almost being
able to track too much and trying to figure out: what's
useful information about all data? How do you shrink
down all the data into useful information, and then what
do you make of that utility”?

P1, Interview

Comments associated with engagement “Maybe there's some patient that done, just one part of
the intervention one session, but it was so engaging for
them in their behaviour and have more benefits than one
patient that saw everything but the engagement was not
there, because there's the engagement in terms of the
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Value of experience

behaviour, you know, objectively, to look like anything but
the engagement”.

P1, Interview 7

“Um, yeah, | think it’s very valuable extra information as |
told you | have now finished two other randomised trials
where we have used a lot of tracking devices including GPS
and everything. We are actually particularly looking at the
usage of those things and how we can perhaps improve
this in the future. So, it gives a lot of information, of course,
on how we can make or how can we meet the needs of the
users for the better.”

P13, Interview

91




4.11 Strengths and limitations of the TRACK study

To the best of the author’s knowledge, evaluating trialists’ experience of using tracking
methods for web-based interventions has not been done previously. This is the first study
exploring in depth trialists’ experience of the use of tracking methods for the purpose of these
interventions. The most popular tracking methods used currently, such as GA and server logs,
were investigated.

The TRACK study included trialists from multiple countries. Participation invites were sent to
all newly published trials identified by the search. Due to the COVID-10 pandemic, interviews
could only be made remote without any personal face-to-face contact which might have been
more comfortable for the participants. However, this enabled the author to maximise the
number of participants and to easily arrange a convenient date and time for the participants.
As in the SR, the TRACK study excluded trials which utilised mobile phone applications or

social media interventions as the aim of the thesis was to focus on web usage data.

4,12 Discussion

When deciding on a tracking method to use, trialists often chose well known methods, most
commonly GA which is currently the most popular method and used widely in health research
(3, 110-112). Following its launch in 2005 (113), GA has been updated several times. The
subsequent version was Universal Analytics in 2012 that introduced the Google Tag Manager
(114). This version included several improvements such as enabling to track users across
different devices by the use of the User ID (115). Trialists who took part in the interviews and
surveys were not specifically asked to state the GA version used but based on the date of
conducting the trial it was possible to gauge what version they were likely to have been using.
Several misconceptions appeared with regards to GA related to video usage, which particular
components could be tracked, and uniquely identifying users. The reason for this
misconception is that GA in its basic core version provides more aggregated data and various
versions provide different options. There are certain ways to overcome these issues but
because in the basic version these are not set by default, it is easy to presume that GA cannot
track individual’s usage metrics or video usage. To overcome this the trialists can switch to

GA’s newer versions such as Universal Analytics or Google Tag Manager (116). However, the
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execution is not straightforward and requires some technical knowledge and coding, skills
which the trialists may not have (117). Also depending on when the trial was conducted,
features available in later versions may not have been available at the time. So, although this
also may be due to the version used it can also be due to the fact that technical knowledge is
required to understand what exactly can be done using this method. One of the trialists who
used GA understood that it was possible to uniquely identify users, but that he needed a
developer’s help to do so.

Other commonly used methods were bespoke software and server logs. Some trialists noted
that their bespoke system was developed over many years and they use it for a range of
different web-based interventions. These trialists opted for a bespoke method because they
wanted a method tailored to their web-based interventions and one that was able to track all
usage metrics required. Although advantageous, a tailored tracking method does incur costs.
Server logs were also a popular choice as they are easily accessible and obtained. These are
used often in health research (118-120). This method provides access to essential data that
can be stored for an unlimited time (121).

Trialists who reported using a website platform feature may have used a known method of
which they were unaware, as discovered in one trial. That trialist reported using a website
platform feature on a bespoke platform, whereas they were actually using Google Tag
Manager on a WordPress system. As discussed earlier, because not all trialists had extensive
technical knowledge about their tracking method, which was often a feature embedded in
the platform used for tracking, it is very likely that others also used known systems of which
they were unaware.

Only in two trials was more than one tracking method used. In one trial, GA was used
alongside server logs to provide more in-depth usage data. In a second trial, the trialists
dismissed GA after using it in the pilot phase because it did not provide them with enough
individual user level information, so they used the WassUp plugin for the main trial. In this
trial they did not have two methods recording the usage data simultaneously so really there
was only one trial that used two methods at the same time for comparison. This suggests that
majority of trialists rarely opt for a second tracking method to compare usage data or to

obtain even more data.
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Findings from this study also suggest that trialists did not consider using other tracking
methods (21, 80.8%) when choosing a tracking method and that they did not undertake any
research about their methods (18, 69.2%).

Trialists noted various reasons for choosing the methods, most commonly previous
experience. However, a high number of trialists reported not having previous experience of
using the method. Other main reasons included characteristics such as being free to use,
already in place or recommended by developers or colleagues.

The most noted reason for using GA was having previous experience with this program. The
advantage of already being in place was the most common reason for choosing a website
platform feature and being free to use for choosing the server logs. Bespoke software was
most frequently chosen due to previous experience or no alternative.

As almost all participants (24, 92.3%) relied on a developer to implement their method, it is
clear that trialists often need technical assistance with implementing the tracking method. A
couple of trialists (2, 7.7%) implemented the method by themselves, and they reported having
no challenges in doing so. Both of these trialists included a testing phase. One trialist in
particular acknowledged the importance of having a testing phase as part of their additional
comments at the end of the interview. Unfortunately, the topic guide initially did not include
a question about whether there was a testing phase, but in eight interviews this issue was
discussed and four trialists mentioned having a testing phase for their trials.

A range of advantages were associated with the tracking methods, including the level of usage
data provided, ability to track across programs, ability to track participants without
influencing them, and being free or easy to use or extract data. These advantages are noted
on their official sites and various online blogs (51, 122-124). Disadvantages depended on the
method used; some methods could not track certain usage metrics while other gave data
which were difficult to handle. The latter was commonly associated with server logs, in which
data come in a file of hundreds of lines (125). All trialists who used server logs reported
challenges with the data, often noting more than one. Trialists had difficulties with the
extraction and handling of data and understanding unstructured data, which made it difficult
for them to draw conclusions. Online literature supports this finding and online blogs can be
found with guidance on how to analyse server logs (125, 126). Dissemination of the
advantages and disadvantages given for each method in this chapter would have the potential

to help trialists in future trials.
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Trialists can track various usage metrics in order to “paint a picture” about participants’
behaviour and interaction on the intervention again depending on the content of the
intervention. Not surprisingly, time spent on site was most often tracked across the majority
of tracking methods (20, 71.4%) followed by logins (17, 60.7%) and modules (16, 57.1%). This
corresponds with findings in literature which suggest that these metrics are most commonly
recorded (127-130). These usage metrics were also commonly reported in the systematic
review as well. Other usage metrics noted by trialists included device used, video usage,
browser type or other metrics all of which provide important and valuable information to
trialists.

Generally, trialists would use their methods again (23, 82.1%) and would recommend them
to other trialists (18, 69.2%). Three trialists (10.7%%) would not use their tracking methods
again and three (10.7%) answered that their decision will depend on further research and
other factors. Of those who would not use the methods again, two were using a website
platform feature and the other used bespoke software. These trialists stated that their
tracking methods did not meet their expectations and they would prefer a method that
provided more usage information.

The number of trialists who used a free tracking method was much higher (19, 73.1%) than
those who paid for a tracking method (7, 26.3%). The majority of the trialists that paid for the
method paid also paid for the platform; only in a very small number of trials (2, 7.7%) trialists
actually paid for the method itself.

Trialists also reported additional costs associated with the method. Additional costs that were
reported by trialists who used a free tracking method suggests that there may be hidden costs
associated with the methods even when they are supposedly free. The fact that trialists in the
interviews mentioned such additional costs, but survey respondents did not, suggest that
having a chance to talk may have reminded trialists of these hidden costs. Costs varied
according to the method itself and mainly related to implementation (GA, website platform
feature, bespoke software, WURL), hosting on the server (GA, bespoke software, server logs,
Community surveys Joomla! plugin) maintenance (bespoke software, server logs, WassUp
WordPress plugin), use of software during research (website platform feature, bespoke
software) and technical support (server logs, Life Guide software). One of the trialists who
paid for their methods especially acknowledged that cost was a major issue which is usually

underestimated in web-based interventions.
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Trialists raised various additional comments at the end of the interview. Some of the
comments related to the blend of technology and behaviour change and the importance of
utilising the technology in the right manner.

Trialists reported the valuable experience gained from their trials will be applicable in the
future when developing new web-based interventions and in informing future usage. Creating
a web-based intervention is a unique experience that differs from development of
interventions conducted face to face and the knowledge they gained about usage can be very
applicable in the future.

Other comments related to calculating exact time on the intervention. One of the challenges
with web-based intervention usage is that participants can be online on the intervention but
not actively engage with it. Finding a solution to this issue can be problematic and this was
discussed with the trialists. One noted that setting up a timer to log participants out after
certain period of inactivity frustrated the participants. Another solution can be that, if the
logging out time appears longer than a certain threshold, it can be assumed in the analyses
that they had stopped using the intervention. For example, in the REACT trial if the web usage
data indicated that participants were on a page for longer than 20 minutes, it was assumed
that they had stopped looking at the intervention and their usage time was truncated at 20
minutes for analysis purposes (131).

Comments were also given on figuring out what to make of the usage data. Trialists find
difficulties interpreting the data and trying to figure it out what is useful information from
those data. As noted by trialists it can be a challenge to link the usage data with output or
outcome and make meaningful interpretation of the usage data (132, 133).

Another challenge was determining engagement with web-based interventions, as the
benefits of engagement may be unmeasurable using quantitative methods; for example, as
explained by one trialist, one participant may only complete one module but this may be more
beneficial for them than another one who completed all modules without actually engaging.
One participant mentioned in particular the issue of usage with engagement related to the
difference in participants’ behaviour when un/supervised. Different tracking data were
obtained when participants used a web-based intervention in a supervised setting versus at
home. This is explored in Chapter 6 to investigate which features impact on engagement
rather than just usage; this chapter explores usage and engagement with web-based

interventions through focus groups discussions.
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Prior to investigating engagement issues, it was decided to assess different tracking methods
in order to provide recommendations to trialists. Proving this background information will
benefit trialists when deciding on which tracking methods to use in the future. The evaluation,
which includes amongst others, GA and server logs, as these were the most popular tracking
methods, is presented in Chapter 5. The advantages and disadvantages given for each method
in the present chapter will be linked to our findings in the next chapter to provide a

comprehensive overview of the methods.
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5.Tracking web usage

5.1 Introduction

In this chapter different tracking methods for recording user behaviour on a website are
evaluated. Evaluation assesses ease of implementation of the methods, data extraction, data
storage and accuracy of the tracking methods versus that expected in a controlled
environment, assessing usage metrics such as page views, timestamps, logins, IP address,
clicks, documents downloads and external links for a specific user. Data were simulated
manually and via simulation software and data were collected from desktop clients and
mobile clients. A reasoned argument of advantages and disadvantages of the tracking

methods is made to act as a recommendation for trialists.
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5.2 How web pages work

Websites are used to deliver feature rich material to anybody who has access to the internet,
they are developed using Hypertext Mark-up Language (HTML)(134), Cascading Style Sheets
(CSS) (135) and JS. In addition, websites can contain other components such as images and
videos to enhance the content that they deliver. These sites are viewed in browsers and
delivered to those browsers over the internet via webserver software such as Apache (136)

and IIS (137) .

5.2.1 The webserver

The term webserver has two meanings:

J Hardware (a computer) that is dedicated to running the software required to handle
World Wide Web (WWW) requests (138)

J Software that is designed to handle HTTP requests (139), examples include “The
Apache HTTP Server Project” (136, 140) and Microsoft’s Internet Information Service (IIS)
(137).

A webserver requires both, hardware that is connected to a network (to enable
communication between computers) and the software to deliver the different resources that

make up a web page (the HTML, CSS, JS, images and multimedia).

5.2.2 Web client

A Web client (or browser) is software that is designed to collate all the resources served by a
webserver and then format the display as per the instructions contained within these
resources. Examples of commonly used web browsers are Google Chrome (141), Microsoft’s
Internet Explorer (142) and Apple’s Safari (143). All browsers work in a similar way and Figure

21 shows a typical illustration of how a web browser works (144).
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Display web page DISPLAY

STORE

Figure 21. How a web browser works

This is highlighted using tools such as the developer tools extension within Google Chrome
(145, 146) (Figure 22).

Test Usage
Mining

VIDEO

Figure 22. An example showing the time taken in the different resources required for the

home page of http://www.testusagemining.com
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5.2.3 The URL

Uniform Resource Locator (URL) is the complete address of a unique web resource (147, 148).
Usually referred as a “web address”, it consists of the domain name along with other detailed
information (148). URL is a mechanism used by browsers to retrieve a specific web resource
(usually a web page) (148, 149). An example of an URL would be https://www.google.co.uk,

which indicates a protocol https and a domain name google.co.uk.

5.2.4 The HTTP query string

The query string is a mechanism by which information can be passed to the webserver as part
of the URL, for example, the URL:

http://example.com/path/to/page?name=ferret&color=purple

Defines a request to the server “example.com”, using the http protocol (150), requesting a
page from “/path/to/page” with the query string “name=ferret&color=purple”. The query
string here is passing the parameters name and color, with the values of ferret (name) and

purple (color).

5.2.5 Types of websites

Websites can be split into one of two types, static and dynamic (151). A static web page is one
in which the content is stored in a text file (albeit with the extension html) and is not
generated by an application running within the webserver. Pages generated by an application

running in the webserver are defined as dynamic web pages (151).

5.2.5.1 Static websites

These are websites (HTML documents) that are stored as text files on a webserver, they are
suitable for pages that contain information that will rarely change unless the developer makes
changes (151). This is the most basic form of a website and the content on the page is more
fixed, static and consistent regardless of the user (152). These pages are usually generated in

a text editor such as Notepad++ (153) or an application specifically designed for creating web
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pages such as Dreamweaver (154). The advantage of using specific applications is that they
contain features and code snippets to facilitate the generation of web pages, the content can

be pre-rendered leading to faster page speed (152).

5.2.5.2 Dynamic websites

A dynamic website is a page whose content will change, based upon the user (for example
Amazon (http://amazon.co.uk) will display items on the home page based on a previous
browsing history. Alternatively, the page is constantly being updated with information (for
example the BBC news web site — http://news.bbc.co.uk). Websites that contain dynamic

content are often database driven (155).

5.2.6 Data storage

Web browsers can store data, sometimes referred to as persistence. Examples of different

storage mechanisms are shown in Table 24.

Table 24. Data storage mechanisms in web browsers

Item Description

Cookies Cookies are small pieces of information websites store on the
computer (156, 157). This information can be stored as a file or
in memory. Cookies are used to hold information that describe
preferences or an identifier to tell the server who you are (156).
Cookies are only shared with the server that set it.

The HTTP Protocol is stateless (it does not know what has
happened before), cookies can be used to access user specific
data on the server and save information about the user (156).
It is a requirement of the “Cookie Law” that visitors to a web
site are notified of the use of cookies on the site and what those
cookies are used for. Users should be asked if they are happy
for cookies from the site to be used. In the UK this is enshrined
in the Privacy and Electronic Communications (EC Directive)
Regulations 2003 (140).

Local Storage Stores data that does not have an expiration date in a file on the
client (158). This data is not deleted when the browser is closed.
Local storage is an extension of Cookies, differing in the amount
of data that can be stored.
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5.3 Development of the test website

A web-based intervention often comes in a format of a website containing various usage
metrics. Therefore, for the purposes of our testing a test website was created that contained
common usage metrics in order to mirror an example of a web-based intervention. The
developed test website contained subpages, multimedia and other features such as different
blocks of text in different paragraphs and external links and pdf downloads documents. It was
decided that this website should include various videos and have four subpages for more
detailed testing. The external links and pdf downloads were added as web-based
interventions can have different guidance materials or other kind of relevant materials that
can be downloaded and can include links to important health institutions or other helpful
links (links to other sources or pages defined as external links). The adding of multimedia
(videos) and downloads was to show the level of complexity as these metrics are complex to
track.

The test website was used to mimic participants and discover navigational patterns. Then the
accuracy of the tracking methods was checked and compared between the methods.

Prior to designing the website accounts, were created on YouTube (159) and Vimeo (160)
platforms which are commonly used video streaming platforms and, on each platform, the

same video was uploaded. A website titled www.testusagemining.com was then created to

cover the different areas for review.

Three videos were added on the home page (Figure 23). The first video was hosted on the
site, the second was the YouTube video and the third one was the Vimeo video. The videos
were identical and only differed in the uploading method on site. The video length was 18
seconds.

The website consisted of the following four subpages: Hosted video subpage, YouTube video
subpage Vimeo video subpage and Test Images subpage. The hosted video was embedded on
the Hosted video subpage. The YouTube and Vimeo videos were added on the YouTube and
Vimeo video subpages, respectively. The Test Images subpage was developed to include the
different blocks of text in different paragraphs, had two external links (one to Google and

another one to YouTube) and three pdf downloading documents.
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Figure 23. Index (homepage) of the website
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Lastly it was checked whether the website is tablet and mobile friendly by using the
WordPress (161) under Customise in Appearance feature. This gives a preview of how the
website looks on desktop, tablet and a mobile device.

This website was created in WordPress version 5.2.4. A hosting account was purchased from
GoDaddy.com (162)— there are many different hosting companies available to choose from.
This one was chosen due to previous experience with the company and the cost being
relatively low.

The option chosen was Economy Hosting with cPanel (Figure 24), this provided a graphical
interface that could be used to manage the server, a domain name and backup. The hosting

package chosen provided:

- 1 website

- Unmetered bandwidth
- 100 Gb Disk storage

- 512 Mb RAM

- Included domain name (testusagemining.com)

cPanel Q Lrgnmielzshg + M GLOGOUT
HH
=s Fi s t g here GENERAL INFORMATION
29 Current User
il FILES -
rgznmjelzshg

Primary Domain

File Manager Images o Directory Privacy .. &) Disk Usage

testusagemining.com

o :
( ﬁ\ Web Disk 01- Ry FTP Accounts :;0:8 FTP Connections L'} Backup Shared IP Address

160.153.128.7

LQ Backup Wizard @ Git™ Version Control ‘ \ File and Di ectory Restoration Home Directory
& - J/home/rgznmje1zshq

Last Login IP Address

DATABASES =
80.1.155.250
Thy

H phpMyAdmin 0 MySQL® Databases e MySQL® Database Wizard e Remote MySQL® eme

o paper_lantern

Server Information
DOMAINS =
STATISTICS
@ Site Publishe @ Addon Domains @ Domains ° Subdomains
p directs @

GO

VlySQL® Databases

2/10 (20%)

Addon Domains

0/0
METRICS -

File Usage
= f— i I —— I 17.728/250.000 (7.09%)

Figure 24. cPanel Interface for GoDaddy account

This is not a high-performance configuration but is enough for the requirements of this work,

as it is not the responsiveness or optimisation of web pages that is being tested here.
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5.4 Tracking methods for recording web usage

There are number of different methods that can be used to record how a user interacts with
an intervention website, as described in previous chapters, and some of these are discussed
in detail below. The tracking methods were chosen based on the methods reported in
Chapters 3, 4 and 6, along with a series of Google web searches and cover hosted and self-

hosted solutions to ensure a representative sample.

5.4.1 Tracking method: Server logs

Server log data were the first tracking method being evaluated and used for the comparison
of the different tracking methods. The SR described in Chapter 3 found that log data was the
most commonly used tracking method reported in a random sample of 100 studies, out of
which 41 reported the tracking method used, eight reported using the server logs alone
(19.5%) and in one study they were used along the GA method. The mixed methods study had
similar results finding that server logs is a very popular method being used in five (17.8%) of
the trials. The focus group study did not investigate the tracking methods used yet throughout
the meetings eight out of 15 trialists (53.3%) mentioned that they have used server logs. A
server log is a text file that includes information such as IP address, URL, timestamp, request,
code, size, country, referrer and user agent (Figure 25). This information can later be analysed
and explored to discover the user’s behaviour on the website.

The different logs that are held on the webserver can be split into two types:

- Webserver logs: logs created by the webserver (referred as server logs throughout the
thesis)
- Portal logs: logfiles created by code that is used to generate the content for dynamic
pages.

5.4.1.1 Webserver logs
For the purposes of this work we define webserver logs as the log files that are created by the
software that is used to “serve” the website content. As stated earlier, webserver logs are

typically called server logs and this term is used throughout the thesis.

By default, these server logs tend to contain the following information (Table 25):
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Table 25. A summary of a common variables in a server log (163)

Item Description

a) | Client IP Address The IP Address of the device that requested the
resource from the webserver

b) | UserlD If the user has been logged in via HTTP authentication,
their username is recorded, this is not reliable.

c) | Date/Time of request | The date and time that the server finished handling the
request.

d) | HTTP verb What was the request that was made to the server, e.g.
GET
POST

e) | Resource The resource requested, e.g. index.html, main.css,
jQuery.js

f) | Client protocol The protocol used to make the request, e.g. HTTP/1.0

g) | Status code The status code of the response sent back to the client,
indicating if the response was successful (150).

h) | User agent The device/browser used to make the request

Typically, these logs are automatically created and stored on the server. Server logs are often
date-stamped for ease of identification and contain list of activities of the server (121).
Information about the request, including client IP address, timestamp, URL and query string,
HTTP code, client protocol, and user agent, are typically added to the log server format.

An example of a server log data from the Apache httpd server is shown in Figure 25.

95.86.41.24 - - [03/Sep/2020:02:29:22 -0700] "GET / test-
images/?UserID=5&VisitedParagraphID=p3 HTTP/1.1" 200 - 14105
"http://www.testusagemining.com/test-images/" "Mozilla/5.0 (Windows NT 10.0; Win64;
x64) AppleWebKit/537.36 (KHTML, like Gecko) Chrome/85.0.4183.83 Safari/537.36"

Figure 25. Example server log data from testusagemining.com

An IP address (164) - 95.86.41.24

UserID -5

Timestamp - [03/Sep/2020:02:29:22 -0700]
HTTP Verb — GET

Client protocol - HTTP/1.1
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URL and query string - http://www.testusagemining.com/test-images/ (subpage “Test
Images”)

HTTP code for the server response - 200 (200 = OK)

User agent - Mozilla/5.0 (Windows NT 10.0; Win64; x64) AppleWebKit/537.36 (KHTML, like
Gecko) Chrome/85.0.4183.83 Safari/537.36

There are many different applications that can be used to summarise server logs such as
Awstats (165) and Webalizer (166). These server log files are only accessible to users with

access to the backend of the website (121).

5.4.1.2 Configuring and setup of server logs

This mechanism requires little or no set-up as they are often configured by default when the
webserver software is installed. The choice for this project was the hosting package from
GoDaddy (167) that included c-panel and access to the server log data (raw data). Since these
data are immediately available the only option that was enabled in this process was to archive
log files to the home directory after the system processes statistics. The system processes
server logs every 24 hours and server logs for particular dates. The server logs are also
archived for each month and can be downloaded for the whole month as well. Once
downloaded the server logs were analysed using the Apache Logs Viewer (currently known as
http Logs viewer) program (168). The use of this software assisted to ease the filter of data
by an IP address and export this set of data as a separate file for analysis. The server logs
usually come in a text file that consists of hundreds of rows, which was also mentioned by

trialists in the mixed methods study.

“One of the downsides is that the data is very hard to handle, like it's a huge amount of lines

with so many logs and it's very hard to make, to receive meaningful measures from that.”

P14, Interview
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“Data messy and needs to be organized by data scientist before analysis.”

P10, Questionnaire

5.4.1.3 Exporting raw data from server log data

Server log data are downloaded in the raw format so the export of raw data is completed

when the log files from the system are downloaded.

5.4.1.4 Storage capabilities of server log data

Server log data can be obtained from the hosting provider for as long as the hosting package
is paid for. If extended for a certain duration it will provide an access to the raw data
throughout the whole duration. The server log data can easily be downloaded and saved
locally for unlimited time but if the hosting package expires they no longer would be available
to obtain from the hosting provider. Three trialists in the mixed methods study choose the
storage capabilities of the method as one of the reasons for choosing the method and all three

used server log data (one used GA in addition to the server logs).

5.4.1.5 Advantages of the server log data

Trialists in the TRACK study reported the following advantages of using the server log data -

Figure 26 .
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m Level of details m Already in place
m Objective metrics Track participants without influencing them

® Free to use

Figure 26. Advantages of server logs reported by trialists

The summary for the advantages of the server logs would be that:
e Every item that the client requests from the server is recorded
e Little or no configuration needed

e Extremely easy to extract raw data

¢ Data stored locally

e Time spent on all pages, but the last page can be deduced

e Freeto use

e Track participants without influencing them

e GDPR complainant if configured

The General Data Protection Regulation (GDPR) compliance is important as rules with regard
to collecting and use of data are highly important for web-based interventions and their
tracking methods. Server logs contain IP address which can be identifiable, but they can be

setup to make sure they comply with rules and regulations (169-171) .
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5.4.1.6 Disadvantages of the server log data

Trialists in the TRACK study reported the following disadvantages of using the server log data

- Figure 27.
m Data extracts m Difficulties with the analyses of data
m Hard to handle data Understanding the data

m Unstructured data

Figure 27. Disadvantages of server logs reported by trialists

The summary of the disadvantages of using server logs would be that:

e Every item that the client requests from the server is recorded

¢ No indication of the user accessing the page (IP Address is recorded, but if Network Address
Translation is in use (many devices sharing the same external IP address) user identification
is impossible). Using IP Addresses, it cannot be determined if the same user has accessed a
page from home, then from work and then from an internet café). Note: If the user
authenticates using BASIC authentication the username is recorded.

e Only interactions with the server are recorded, i.e, clicks on external links will not be
recorded. To be able to use the server logs to store information about user activity on pages
custom JS code needs to be written to ensure that this data is written to the log files (code
was written to demonstrate the proof of this concept and it is described in detail in section

5.4.8.1).
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¢ Although the extracting of the data is extremely easy a technical knowledge is required to
access the server logs (for example knowledge to use the c-panel) so trialists relied on a
developer hence find difficulties with the data extracts

o Difficulties with understanding and the analysis of data as they come in a file of hundreds

of rows and technical knowledge is again required to understand the logs

5.4.1.7 Other logs

The use of logs was reported in 17 of the 100 studies in the SR; although server logs were
used predominantly, other logs were used too. Studies reported using electronic logs, user
logs, and web portal logs in the SR. In two studies, portal logs were used, three studies
reported using electronic logs, and one study user logs. One study from the TRACK study
reported using application logs. This section will use the term “portal log” to describe the
different types of “other” log, whilst this is technically incorrect it fits with the terminology
used by clinical researchers.

Portal logs differ from webserver logs in that they are generated by the applications that
generate the content. As these applications have been programmed by a developer, the detail
recorded is determined by the software specification (172). Typically, such logs are used to
help determine what actions a user has undertaken when something goes wrong, and then
to record any errors that are thrown by the software (173). These data are recorded in text
files or as rows in a database table for future analysis.

As with server logs, portal logs typically contain the following information (Table 26):

Table 26. Common details stored in portal logs

Item Description
a) | Client IP Address The IP Address of the device that requested the
resource from the webserver
b) | Userld The user identifier
c) | Date/Time of request | The date and time that the server finished handling the
request.
d) | Action What has been requested/sent to the server
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5.4.1.8 Advantages of portal logs

The advantages of portal logs are:

e The developer has control over what is stored and to some extent where and for how
long

e |f a study participant logs into the intervention website, all requests can be associated
with that participant.

e These logs may be more accessible to the research team as server logs may be deleted
after a set period due to GDPR constraints

5.4.1.9 Disadvantages of portal logs

The disadvantages of portal logs are:
* Developer time is needed to write and test the implementation.
e Only interactions with the server are recorded, unless there is custom JS written that then

sends data back to the server to be stored with other data.

5.4.2 Tracking method: Google Analytics

GA, used by around 30 million websites is the most popular method in this field (174-178) and
it was chosen to be used in the evaluation of the tracking methods. In the SR in five studies
12.2% this method was stated to be used. GA was the mostly reported method to be used in
the mixed methods study by seven trialists 25% and three out of 15 trialists in the focus group
study reported using it although questions about the type of tracking methods used were not
asked in these meetings.

This web analytics tool was used for free. The advanced Google Analytics 360 version had
additional premium features and it was considered to be used at the begging of the project
in 2019. The request was rejected by the Google Marketing Team (179) explaining that the
advanced program starts at price of $150.000 and it can only be used for existing business
that can commit to a certain media spend. Based on this and the fact that this website was
for testing purposes only the Google Analytics 360 was dismissed, and it was proceeded with

the thorough examination and testing of GA only.
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GA was introduced on the 14t of November 2005 (180, 181). A new and improved version
was released in October 2012 which was called Universal Analytics that introduced the Google
Tag Manager (180). The latest version is GA 4 available from October 2020 (180).

The project started with examination of GA to show that this version does not provide the
level of detail of tracking usage data required. This version gives data for pageviews without
proving exact time and uniquely identifying users. Therefore, the upgraded version of
Universal Analytics with the use of Google Tag Manager was implemented and used to
examine and evaluate. This advanced version of Google Analytics introduces new features
such as new tracking code, custom dimensions and metrics, data integration (13, 14) and,
most importantly, has the ability to uniquely identify users (introduced in Chapter 2 and
described in detail in section 5.4.5), as trialists conducting web-based intervention are
interested in tracking participants individually. Although aggregated data can provide useful
information (such as most frequently visited modules, most common time of access etc.) this
is not sufficient information, as discussed by trialists in interviews and described in detail in

section 5.4.5.

“I don’t know, it’s been a while since I've spoken to a programmer about Google Analytics but
from previous conversations | know that Google doesn’t really like you to track individuals and

they put some barriers in place but there are ways around them.”

P2, Interview
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Figure 28. Google Analytics Dashboard

5.4.2.1 Configuring and setup of Google Analytics and Universal Analytics

To configure GA, an account was created on their official site analytics.google.com using a
Gmail account. After setting up basic configuration details, a unique tracking code was then
available, and this code was added on the website. The code links the website with the
account, and it was implemented via WordPress plugin called WP (GADWP) (182). The reason
for installing this plugin was the ease of installation and automatically adding the code to all
subpages as well as the fact that the code does not to be added if a theme is switched in
WordPress.

This plugin came with a mini dashboard in WordPress giving general tracking information and
statistics but it was not as detailed as the GA dashboard itself, so it was not used in the
research. The dashboard in GA (Figure 28) continued to be used as it provided more advanced
and detailed outlook.

In configuring this method, it was checked to see if there are sampled data used in their
reports. Sampled data refers to the extraction of a subset of the website data (183). One way

of checking for non-sampled report is if there is a green shield icon with checkmark at the top
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of a report which was exactly what was shown on reports (184). Also, sampling can occur
when a request is made for a report that is not pre-aggregated and the number of sessions in
data is over 500,000 (185). This large number of sessions was not characteristic for this
research since the number of sessions from the test page was way below this number and
there was a green shield icon on the reports, so the conclusion was that the GA reports had
not been generated using sampled data.

When implementing Universal Analytics, a new tracking code on site was added and no
further configuration was required. The same Dashboard in GA and account were used whilst

using the new improved features.

5.4.2.2 Exporting raw data from Google Analytics / Universal Analytics

To export raw data from GA, the R program and the R studio (186) were used. R is a
programming language and a powerful tool for analysing data which easily accesses the
Google Analytics’ API (Application Programming Interface — software interface that connects
two applications (187)). After enabling the GA APl and downloading the programs the next
step was to download a package for accessing the APl. Once completed the following code
below was ran with changes appropriate to the right parameters needed. Using R and R studio

the raw data from Google Analytics and later Universal Analytics were also exported.

library(rga)

rga.open(instance = "ga")

gaSgetData(id)

gaData <- gaSgetData(id, batch = TRUE, start.date = as.Date("2019-07-03"),

end.date=as.Date("2019-08-27"), metrics =
"ga:pageviews,ga:entrances,ga:sessions, ga:timeOnPage",

dimensions = "ga:date,ga:hour,ga:minute,ga:pagePath,ga:previousPagePath

Il)
#write to csv file called My Data Export

write.csv(gaData, "My Data Export.csv")
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Exporting raw data showed that the accessed pages’ and subpages’ paths were ordered in a
non-sequential way. Several times data were exported and the page paths of each user
examined. With further investigation it was determined that the order of page paths depends
on the order of all dimensions in the code. After re-arranging the dimensions, it was possible
to obtain the page paths in the right order. So, the finding from this was that the order of all

dimensions in the code for the R program influences the sequential order of actions.

5.4.2.3 Storage capabilities of Google Analytics and Universal Analytics

Based on information online (188) and on the Support Google Analytics page (189) there is a
new setting in Analytics called Data Retention. That means that by default, Google will set the
User and Event data to expire in 26 months unless set up differently. There is also “Do not
automatically expire” option which was chosen for our data. That means that data can be

stored for unlimited time.

5.4.2.4 Other features and functionalities of Google Analytics/Universal Analytics and Google Tag
Manager

Some of the common features in GA/Universal Analytics are filters, campaign tracking, site
search, event tracking, Google Analytics Add-Ons, keyword referrals, enhance e-commerce,
GA API, custom metrics and dimensions, real-time reporting (190, 191). GA/Universal
Analytics had plenty of features applicable and fit for marketing purposes but also lots of its
features can be used in clinical trials and more specifically in web-based interventions. For
example, a feature such filters are useful as they help to filter only relevant data and event
tracking as well as pageviews and events are great foundation of many reports in GA.
Google Analytics/Universal Analytics also introduced real-time reporting which can be useful
to track current activities on site (115).

Very important features to note are custom metrics and dimensions that help extracting raw
data. Data can be exported in csv and excel format easily from the Dashboard but for
extracting raw data these predefined metrics and dimensions are used. These are essential

when creating custom reports and by picking the desired dimensions and metrics a custom
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report is created. For the purpose of the testing, new dimensions were created to enable
exporting all relevant data needed so this feature was greatly used by the author.

The way GA/Universal Analytics is tracking the user interactions is by adding tracking code the
website (explained in section 5.4.2.1). For tracking events that are not just pageviews a
GA/Universal Analytics can be used in conjunction with Google Tag Manager (117, 192).
Google Tag Manager does not replace GA but enhances the number of usage metrics that can
be tracked, allowing more detailed tracking (193). The process of the configuration of some
of these events is described in section 5.4.8.2 but it is important to note that other events can
be tracked too.

Google Tag Manager is a free tool by Google, used to insert tracking or conversion code (tags)
into a webpage (117, 193). Example of such tags include GA Universal Analytics tracking code,
AdWords remarketing code, heatmap tracking code (192). It also includes a set of pre-baked
custom code from third party companies that integrate very well with webpages. Google Tag
Manager is generally used by marketers, web designers and developers, data analysts and
content owners (192). This tool is different from GA/Universal Analytics. Google Tag Manager
is used for storing and managing third party code, there are no reports and no analysis can be
made here (193). Unlike Google Tag Manager, Google Analytics/Universal Analytics is used
exactly for that purpose, reporting and analysis. Therefore, both of them were used to enable
tracking desired events in the testing process.

The GA is currently non-compliant with GDPR (194, 195).

5.4.2.5 Advantages of Google Analytics/ Universal Analytics

Trialists in the TRACK study reported the following advantages of using Google Analytics -

Figure 29.
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m Level of details m Automated tracking = Easy to use

» Free to use m Sophisticated software

Figure 29. Advantages of Google Analytics reported by trialists

The summary of the advantages using Google Analytics/Universal Analytics would be:

¢ Friendly dashboard

Level of details

Additional features available

Well-known software

Track participants without influencing them

Unlimited data storage

Free to use

5.4.2.6 Disadvantages of Google Analytics/ Universal Analytics

Disadvantages noted in the TRACK study are given in the Figure 30 below.
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m Data extracts m Data linkage
m Data protection issues Difficulties with the analyses of data
m Understanding the data m Reliant on program developer

Figure 30. Disadvantages of Google Analytics reported by trialists

So, overall disadvantages of GA would be:

Technical knowledge required for configuration

Technical knowledge required to uniquely identify users (Data linkage)

Technical knowledge required to extract data

Reliant on program developer

GDPR non-compatible

Several comments were made from trialists in the projects with regards to the disadvantage

of the need for technical assistance to uniquely identify users.

P3, Focus group 4

“So, the disadvantages are that your programmer still needs to do stuff to make sure Google
is tracking your website and that they need to use some clever tricks to make sure it’s tracking

individuals and not groups. “

P2, Interview
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“Because it was quite confusing as to how to get the data for each participant, because |
wanted to know how many times each participant had visited the website and how many
times or at how long each participant spent on the website and it was hard to get that data

from Google Analytics. “

P5, Interview

As the GA is not GDPR compatible one trialist made the following comments with regards to

the privacy of data and this tracking method.

“We did not want to use google analytics for registered participants during their study
participation as of data protection issues.”

P2, Questionnaire

Two trialists made comments on the reliability of this method.

“We sort of use, we captured the website analytics from Google Analytics and the monster
insights plugin because that could kind of track across multiple devices, but it didn't always, it
wasn't a 100% fool proof so sometimes for some reason he looks like the person hasn't actually
engaged, but when you speak to them, they certainly have been. So, that yeah, | think that's
not 100%.”

P3, Focus group 3

“I can say absolutely the same. | think that's the biggest issue with ours is because we've used,
we're very lucky that we've got a tool that we can design the websites with and we can collect
a lot of the usage metrics behind that but because of the way it was setting up, we ran
originally on Google Analytics and then for the RCT we tied up to Matomo and even though
the person who does all of our technical stuff is hugely experienced it's been a real eye opener
because we're all used to using our Life Guide system, and so, when | get | mean the metrics |

get from that are pretty horrific because they're kind of for data sheets of it, but | know what's
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in there and | know how to put it together but yeah Matomo Google Analytics we're a bit |
guess, | just worry because, depending on how you cut the data you get different answers

which makes you feel like there's something not quite right there.”

P4, Focus group 3

5.4.3 Tracking method: JavaScript trackers

Many JS trackers are available to be used for website tracking and the following were chosen
for the purposes of the thesis: Open Web Analytics (49), Matomo (50) and Amplitude (51).
These three are amongst the most popular website analytics tools (176, 196, 197). Open Web
Analytics is a self-hosted tool with similar capabilities to GA. Matomo allows tracking of the
users’ journey on a site, giving users ownership of the data and focusing on privacy protection
of users (175). This tracking method was reported to be used by some trialists in the focus
group study. Amplitude is a web analytics platform that focuses on tracking user experience

and user behaviour (177).

5.4.3.1 JavaScript tracking method: Open Web Analytics

Open Web Analytics is a real-time tracker and data are immediately available after installing.
This tracker comes with a very friendly user interface and easy access to reports and visit
details. The Open Web Analytics Dashboard (Figure 31) consists of the following sections:
Content, Action Tracking, Visitors, Traffic and Goals. A date range can be easily selected and
each visit log is shown clearly stating browser type, pages viewed and visit length. Filtering by

IP address is also possible.
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Figure 31. Open Web Analytics Dashboard

5.4.3.2 Configuring and setup of Open Web Analytics

This tracker was installed on the server and the plugin was installed in WordPress. The theme
compatibility was checked by finding the suggested line <?php wp_footer(); ?> in the body
tag in the footer.php template. The tracking code obtained from OWA (198) was added to the

body <> of the site on all pages.
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<Il-- Start Open Web Analytics Tracker -->

<script type="text/javascript">

//<![CDATA[

var owa_baseUrl = 'http://www.testusagemining.com/wp-content/plugins/owa/';
var owa_cmds = owa_cmds || [];

owa_cmds.push(['setApiEndpoint’,
'http://www.testusagemining.com/index.php?owa_apiAction']);

owa_cmds.push(['setSiteld', '4e59f4f39f16d72463bd5b278f55bccb']);
owa_cmds.push(['trackPageView']);

owa_cmds.push(['trackClicks']);

(function() {

var _owa = document.createElement('script'); _owa.type = 'text/javascript'; owa.async
= true;

owa_baseUrl = ('https:' == document.location.protocol ? window.owa_baseSecUrl | |
owa_baseUrl.replace(/http:/, 'https:') : owa_baseUrl );

_owa.src = owa_baseUrl + 'modules/base/js/owa.tracker-combined-min.js';

var _owa_s = document.getElementsByTagName('script')[0];
_owa_s.parentNode.insertBefore(_owa, owa_s);

X))
/111>
</script>

<!-- End Open Web Analytics Code -->

5.4.3.3 Exporting raw data from Open Web Analytics

The export of raw data presented an issue with this tracker. At the outset no data export is
available through user interface and data needs to be exported via data access API. The data
access APl can be accessed via REST request or the PHP method getResultSet and the

instructions are given on the Open Web Analytics website (49). That means that developers’
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at least moderate knowledge in programming is required to perform this task. The Open Web

Analytics original code was altered and adjusted for the website (via REST).

http://www.testusagemining.com/wp-content/plugins/owa/api.php
2owa_apikey=[ N
&owa_do=getResultSet

&owa_metrics=visitDuration,visits,pageViews,pagesPerVisit,repeatVisitors,visitors,boun
ces

&owa_dimensions=date,day,browserType,country
&owa_startDate=20190918
&owa_endDate=20191001

&owa_limit=1000

&owa_siteld |

&owa_format=xml

5.4.3.4 Storage capabilities of Open Web Analytics

One of the Open Web Analytics advantages is the ownership of own data so data are stored

on own server and can be kept for an unlimited time (199).

5.4.3.5 Other features and functionalities of Open Web Analytics

Important features in Open Web Analytics are DomClicks or mouse clicks and DomStreams or
mouse recordings. As Open Web Analytics’ developers describe it the best way to look at
mouse tracking is like a one-way mirror through which can be seen how users interact with
the page (200). Mouse recordings can answer plenty of important questions, for example, if
users are scrolling down the page and to what extent, if users click on a specific element of
the page or if users use any keyboard shortcuts to navigate the page. Since Open Web
Analytics is a free open source software there is no limit on DomStreams. To enable this a
code was adjusted and added to the site which made the mouse recordings available. The

Figure 32 shows how a recording looks like.
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Another important feature in Open Web Analytics is the Heatmap Overlay feature which is
setup by default. This tracker uses HTML 5’s canvas to paint heatmaps over the webpage (49)
to show users’ activity on site. By clicking on the start button, it shows where the users are
most engaging on the webpage (for example how far they scroll, which videos are viewing,
which subpages are opening the most).

With regards to the GDPR, changes to the master of OWA brought this tracker into closer
alignment with OWA (201). As explained by the developer OWA respects donottrack property
that can be set by users in their browsers and suggests not logging user names and email and
anonymising IP addresses (201). So, overall if setup correctly this tracker complies with the

GDPR rules.
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Figure 32. A recording of DomStreams in Open Web Analytics

5.4.3.6 Advantages of Open Web Analytics

The following advantages can be summarised for Open Web Analytics:
¢ Friendly dashboard

e Easy access to reports
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¢ Additional features available (embedded features as Heatmap Overlay, Domstreams
and Dom Clicks)

e Data stored locally

Track participants without influencing them

Unlimited data storage

e Free touse

GDPR complainant if configured

5.4.3.7 Disadvantages of Open Web Analytics

The disadvantages of Open Web Analytics are as follows:

e Technical knowledge required for configuration

e Technical knowledge required to uniquely identify users
e Technical knowledge required to extract data

e Technical knowledge for implementing various features

5.4.3.8 JavaScript tracking method: Matomo

Matomo (formerly known as Piwik) was another JS tracker that was used. This tracker has
premium and free versions, premium version including more upgraded features. Matomo is
another real-time tracker so data are immediately available after installing. This tracker has
very friendly user interface and a clean and organised dashboard- Figure 33. The Matomo
Dashboard consists of the following sections: Visitors, Behaviour, Acquisition, Goals and
Marketplace. Visits in Real time are nicely presented and a specific date range can be selected.
Visit details provides extensive amount of data including Operating System and details about

the device (type, brand, model and resolution).
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Figure 33. Matomo Dashboard

5.4.3.9 Configuring and setup of Matomo

For the purpose of this project this tracker was installed on the webserver through the c-panel
for free. While installing Matomo no major issues or difficulties were present. With the
installation of Matomo a new app was shown on c-panel under Installatron and the Matomo

Dashboard was immediately available.

5.4.3.10 Exporting raw data in Matomo

Raw data from Matomo can be easily exported and selecting the right type of report can
include all relevant data needed. Data for each visit log were exported in a TSV (Excel) file for
clearer representation of data but can also be exported in other formats. When exporting
datais it important to note that Matomo generates by default a Visitor ID to distinguish users.
Later in the data simulation testing process when the User ID was enabled it was confirmed
that the new exported raw data included the User ID column too. Something else to also note
is the format of exported raw data. The format of the data is wide which makes it more

difficult for use in analyses. For tasks such as investigating interactions and more specifically
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users’ paths, the data in this format are extremely difficult to read and follow. To overcome

this, the format of the csv file was reshaped from wide to long using the STATA (202) program.

5.4.3.11 Storage capabilities of Matomo

Similar to Open Web Analytics, Matomo also gives ownership of data when the tracker is
installed on one’s own server meaning that they do not have control over it. The installed
version on server was Matomo On-Premise and a member of the Matomo team (203)
confirmed the same that Matomo On-Premise allows data to stay on server unless data are

deleted.

5.4.3.12 Other features and functionalities of Matomo

Matomo includes many features but they differentiate based on the type of the Matomo
version used (204). Tracking video and audio players are available in the premium versions
and although for this testing this was enabled by adding code on the site these features can
be immediately available if premium versions are used. This tracker also characterises with
real time data updates, customisable dashboard, custom dimensions and additional features
fit for marketing purposes (204). Other features included in the premium versions of Matomo
are custom reports, A/B testing platform, session recording and a feature that can definitely
be used for web-based interventions: a Heatmap Analytics (204). With the Heatmap Analytics
feature heatmaps, scroll maps and clicks of users are displayed in overlay Heatmap reports.
Heatmaps Analytics is not included in Matomo’s essential plan but is included in the other
premium versions (business and enterprise).

Another feature to be highlighted and which is included in all versions of Matomo is the GDPR

manager (50, 205). This enables by default to be compliant with the GDPR guidelines (205).

5.4.3.13 Advantages of Matomo

The following advantages can be summarised for Matomo:
¢ Friendly dashboard
¢ Additional features available (premium version includes Heatmap Analytics feature)

e Easy access to reports
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Data stored locally

Unlimited data storage

Track participants without influencing them

Free to use

GDPR complainant (configured automatically)

5.4.3.14 Disadvantages of Matomo

The only disadvantage of Matomo stated by one trialist in the focus group study it was that
they could not download a large amount of data from Matomo. However, given that the

developer is in control of the server the data can be potentially extracted in a different way.

“We set up a Matomo as well to run alongside it along with a unique identifier that was linked
up then to the data we were collecting, the behavioural data that we were collecting as part
of the site. So, the intervention was kind of like hand washing and other infection control
behaviours in the home, so there were sections where people could fill in kind of what they
were doing and make a plan of what they were going to do. So, we generated a kind of a 16-
digit randomised string but then was also linked up to the Matomo usage data, so we could
track, combine the usage data there with the behavioural data. So, we were looking at very
similar things kind of number of logins, average usage time, sections of the site they've used.
We also to make it a little bit quicker and easier for the key things we were wanting to look at
put in actual variables logged in the database. So, primarily start and finish of key sections of
the website so when they hit those pages it did a date timestamp directly into the database
which allowed us to quite quickly just for those kind of that very broad spectrum of know how
many people started these sections and how many people finished them, what was the
average time of completion for those sections meant we didn't have to dig through the often
quite overwhelmingly large amounts of data as | think we had nearly 200,000 people using
the site by the time we were looking at the data. So, pulling off all of that from the analytics
data when you have every page logged, where at one point the data set was so large the web-
based Matomo system wouldn't let me download them. | had to go back in through the

database to actually extract and it kept crashing the web front side of it. So, for those kinds of
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more broad no for those less detailed bits we used stuff directly from the database, so we kind

of had a bit of a layered approach for that.”

P3, Focus group 4

So, the disadvantages of Matomo would be that:
e Technical knowledge required for configuration
e Technical knowledge required to uniquely identify users

e Technical knowledge required to extract data (potential issue with extracting large data)

5.4.3.15 JavaScript tracking method: Amplitude

Amplitude is also a real-time tracker and has a Dashboard (Figure 34) that includes the
following main sections: My Workspace, Notifications, User Look- Up, Releases, Spaces,
Govern, Data Sources, Data Destinations, Settings. There is also a “New” button that includes
Chart, User Cohort and Dashboard. Under the “Chart” more options are available for analysis
of data. More chart types are available in this section and for this research User Sessions were
often used. User sessions chart gives details for each visit made by users on site and a date

range can also be selected.

5.4.3.16 Configuring and setup of Amplitude

The first two steps of installing this tracker were straightforward so a project titled Test Usage
Mining was initially created and then on every page a code snippet obtained from the
Amplitude site was pasted before the </head> tag.

The final step of the process was to add a line of JS code to send an event to the Amplitude
server. Once this was completed it was then possible for events to be send to Amplitude and

to create a Dashboard (Figure 34).
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Figure 34. Amplitude Dashboard

5.4.3.17 Exporting raw data from Amplitude

Amplitude has a simple way of exporting raw data. A specific date range can be selected and
the results are returned as a zipped archive of JSON files. Once downloaded they were
converted to csv files ready for analyses. Amplitude points out that while exporting raw data
few things should be considered. The first one is that the specified data range is the time of
when the event data was uploaded to Amplitude servers. Next, the export APl is not
supported for a cross-project view because the view does not own any data and finally the

size limits is 4GB.

5.4.3.18 Storage capabilities of Amplitude

Based on a private conversation with a Product Analytics Consultant (206) from the Amplitude
Support team the information for the storage of data in Amplitude is that all data is stored

for an unlimited time unless requested deletion of the project (or deletion of a specific user).
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5.4.3.19 Other features and functionalities of Amplitude

In Amplitude as part of the chart menu there is event segmentation, funnel analysis, retention
analysis, and user composition which indicates that different analyses can be performed by
selecting the desirable events (51). All these analyses can be used for clinical purposes
depending on the data that needs to be analysed.

Other features that definitely can be useful for web-based interventions are behavioural
cohorts and custom formulas. Behavioural cohorts allow to create a custom definition of a
group of users based on the events or sequence of events they have performed. Cohorts can
be created based on behaviour and/or properties and view them as a segment on graphs such
as event segmentation, funnel analysis, and retention analysis (207). That means that for
example a custom definition of a group of users who only completed a certain number of
modules or viewed a certain number of videos can be created. This further can be used to
determine the usage threshold of users (to determine a group of users that represents the
minimum usage threshold). In the event segmentation chart, the "Formula" tab in the bottom
module of the chart control panel allows to write formulas to perform or calculate specific
analyses and metrics on events (207).

Amplitude can track clicking on links, downloading documents and page close events only
when data is sent to Amplitude. So, although Amplitude does not track these events by
default a code was added on site and the configuration and the tracking of these events was
enabled.

However, there is one feature that Amplitude still does not include and that is heatmaps. This
is a feature that has been in discussion but it is still not available and this was confirmed via
private conversation with the Amplitude support team (208).

Similar to the Matomo tracking method, Amplitude ensures that their platform is GDPR

complaint (209).

5.4.3.20 Advantages of Amplitude

The Amplitude tracker is characterised with the following advantages:
* Friendly dashboard

¢ Additional features available
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e Easy access to reports

Data stored locally

Track participants without influencing them

Unlimited data storage

Free to use

GDPR complainant (configured automatically)

5.4.3.21 Disadvantages of Amplitude

The following disadvantages can be noted for Amplitude:

e Technical knowledge required for configuration and setup

e Technical knowledge required to extract data

e Technical knowledge required for implementing various features

e Technical knowledge required to uniquely identify users

5.4.4 Screen recorders

The ultimate mechanism for recording what a user has accessed and what content they have
viewed is a screen recorder such as Wondershare filmora (210), OBS Studio (211), Apowersoft
(212). There are also multiple options for mobile devices such as Screen Recorder by
AppSmartz (213)(Android Play Store) and the inbuilt functionality on iOS. After trying several
options, the Bandicam recorder (214) was used as most convenient.

These applications record all the interactions that take place as well as what content has been

viewed.

5.4.4.1 Advantages of screen recorders

The advantages of screen recording software is self-evident, what the trial participant has

done/viewed/interacted with is recorded, nothing is missed.
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5.4.4.2 Disadvantages of screen recorders

There are several disadvantages to using screen recorders:

e Each recording needs to be watched and the “events” recorded manually.

e Trial participants would need to install screen recorders on each device they use to access
a web-site.

e Trial participants must remember to record every time they use an intervention website.

e Trial participants would need to send the recordings to a research team.

5.4.5 Uniquely identifying users

Obtaining data from all participants can provide some insight into the usage of a web-based
intervention but that does not suffice for a proper insight into how much a web-based
intervention is utilised. The ability to track each user individually will give a clearer image of
the usage and deeper insight of engagement of each trial participant separately. It can then
provide more meaningful data about the linkage of the usage with behavior change. This was
discussed throughout the interviews and meetings with the participants from the TRACK

study and the focus group study.

“Group based data is not good enough for the sort of analysis that we want to do. For example,
if you want to examine the association between usage and behaviour change, you really need

to have individual level data. Group level data is not good enough.

P2, Interview

“I just want to- | know this is (name’s) expertise, but the individual level of usage was vital to
this project, and we needed to track it through a study ID. So, we needed to be able to see

using a study ID what pages people were landing on.”

P4, Interview
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“Yes, we were able to tell who's doing what and then see whether the actual usage is

associated with behaviour change.”

P1, Focus group 4

This is a crucial point and very important for web-based interventions so each of the tracking

methods was specifically configured to be able to track trial participants individually.

5.4.5.1 Uniquely identifying users with server logs

By default, server logs are not linked to a particular user. Data can be filtered by an IP address
but that does not necessarily mean that each user will always visit the site from a same IP
address. Also, many people can use the same IP address, for example homes have one IP

address but multiple devices connected to the router.

For example, a request in the following format

GET /vimeo-video/ HTTP/1.1

indicates that the subpage titled “Vimeo Video” was accessed. If number of users have
accessed the same subpage for a number of times then this request will show exactly the
number of times it was accessed but without providing an information on who actually
accessed the subpage.

Given the nature of these log files, it is possible to allow tracking of user access (once a user
is logged in) by adding a parameter to the end of the URL to specify the user. In that manner

a query string was attached to the URL in the following format

http://www.testusagemining.com/vimeo-video?User|D=999

to test manually whether the same URL will show in the server logs. Once it was confirmed a

way of automatically adding of the query string for each user was implemented. To enable
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http://www.testusagemining.com/vimeo-video?UserID=999

this a new code was added on the site. Then a test was run to confirm that the requests are

containing the User IDs. An example of such request after the code would be

GET /vimeo-video/?UserID=5 HTTP/1.1

that shows that User ID=5 has accessed the Vimeo video subpage.

Two trialists shared their experience with uniquely identifying users with server logs.

“Um, the log files are stored in this database that tracks every action made on the website.
The log files are coded like, each participant has a participant code so we can link all the entries
to one participant. And each account is connected to an email address. For example, resetting
passwords and these things, and we had the email addresses of our participants, so through
that we were able to link the participant ID in the log files to our participants and to connect

them.”

P14, Interview

“So, we spent a lot more effort on individually engaging people, and we also did similar stuff
like you guys did. We didn't use Google analytics we had access to the whole back end of the
system so we used the server protocols, basically, and we just we had a script where we could
extract information and kind of sorted into bins so we could have for certain content, we could
see statistics, how long they’ve stayed on the pages, how often they clicked stuff like that. So,
I think in terms of variables and output it's quite similar to what you did but we could track it
on an individual basis. And so, we could assign an activity index to each person and that's
what we ultimately used for analysis and we tried to link that and correlated with other

variables.”

P2, Focus group 4
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5.4.5.2 Uniquely identifying users in Google Analytics/Universal Analytics

One of the improved features in Universal Analytics is the Client ID. This is a unique client
number (ID) that is assigned to each user regardless of the number of times a user (client)
visits the site (215). The downside of this feature is that Universal Analytics assigns different
Client ID to the same user if a user accesses the site from different device or browser. For this
reason, Universal Analytics introduced the User ID feature that has the capability to connect
multiple devices, browsers, and sessions under same User ID (215). This helps to show users’
usage activity across different platforms and devices and it was therefore very important to
be implemented to uniquely identify users. Therefore, this was one of the main reasons for
switching from GA to Universal Analytics for this research.

Instructions for setting up a User ID in Universal Analytics are given on their official website
(216). The first step is enabling User ID in the Universal Analytics account and agreeing to the
User ID policy. This configuration is simple and only takes a few minutes to complete. The
second part of configuring the code to setup a User ID is recommended to be completed by a
developer due to the complexity of the task. The code should be modified to generate unique
IDs that will be assigned to users and to ensure that same IDs are reassigned to the returning
users. Since this was a WordPress site enabling User ID possessed some challenges. One of
the solutions that can be found online is using a plugin called Monsterinsights (217). This
plugin allows for a very simple process of enabling User ID and only a few steps are needed
to enable the feature. However, due to the cost of the plugin this was dismissed and the code

was adjusted accordingly. The final step was to create a User ID reporting view.

Other trialists also confirmed the requirement for a developer to complete this process.

“Because it was quite confusing as to how to get the data for each participant.”

P5, Interview
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“Google doesn’t actually want you to track individuals, like, we are doing. So, the programme
needs to set up specific mechanics to make sure- they need to fool the Google system a bit to
make sure that they can track individuals. Basically, one of our programmers has figured out

how to get around them and obviously we used it.”

P2, Interview

5.4.5.3 Uniquely identifying users in Open Web Analytics

Setting up User ID to enable uniquely identifying users in Open Web Analytics was difficult to
execute and after a several attempts it was dismissed. Having code from other JS trackers at
the same time potentially might have been a reason to prevent the code from working but
after trying to overcome that and modifying the code still the User ID feature was not enabled.
To try to solve the issue it was searched for solutions and options online as well as identifying
a suitable plugin. However, this brought no results whatsoever. One challenge was the word
‘Analytics’ in Open Web Analytics which confuses the online results with Google Analytics and
as for plugins no such plugin was found. The overall observation is that Open Web Analytics
is lacking more responsive online support and this is a drawback of this tool. Due to this
drawback the Open Web Analytics was not used in the advanced further testing of the

tracking methods.

5.4.5.4 Uniquely identifying users in Matomo

The process of enabling User ID in Matomo was completed via WordPress plugin called WP-
Matomo (218). The following options: WP User ID, Email Address, Username and Display
Name (not recommended) were available to be shown as a User ID in the Matomo Dashboard.
A username could have been chosen since data are sent on the webserver but if data were
not sent on one’s own server then the most sensible solution would have definitely be the
WP User ID due to privacy concerns. For consistency with the other trackers it was opt for the
User ID to uniquely identify users. This was tested quickly after enabling and it was confirmed
that the User ID is enabled successfully.

Another trialist also shared his experience of using Matomo to uniquely identify users.
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“I linked up to Google Analytics for broader kind of usage stats and then later on in the trial
we rolled out with GP practices across the UK, and for that, because we wanted a bit of a fine
a measure of metric cause precisely we were saying that Google Analytics what you can do is
more individual tracking and find a bit of fluff with Google Analytics so I, we set up a Matomo
as well to run alongside it along with a unique identifier that was linked up then to the data
we were collecting, the behavioural data that we were collecting as part of the site. So, the
intervention was kind of like hand washing and other infection control behaviours in the home,
so there were sections where people could fill in kind of what they were doing and make a
plan of what they were going to do. So, we generated a kind of a 16-digit randomised string
but then was also linked up to the Matomo usage data, so we could track, combine the usage
data there with the behavioural data.”

P3, Focus group 4

5.4.5.5 Uniquely identifying users in Amplitude

As with other tracking methods, userid to uniquely identify users is not recorded by default
in Amplitude. This tracker uses a unique sessionid (to uniquely identify a session) which, as
discussed previously, is not sufficient to identify a specific user but allows all interactions in a
session to be recorded and linked. In order to uniquely identify user (so that all sessions from
a particular user are associated with that user), a similar process to that used for server logs
and Matamo was employed. The userid was extracted using the WordPress APl and
associated with a specific variable that was sent to the Amplitude server. This code was

written in JS by supervisor DA and implemented on each page in the test site.

5.4.6 Methodology for determining the accuracy of recording user interactions

The issues such as sampling in GA, incorrect setups, different tracking methods that measure
differently website metrics, errors in JS code, or uniquely identifying users (for example the
issue of uniquely identifying user when accessing from a different IP address or when deleting

cookies) are known to lead to inaccurate data and potential discrepancies between data from
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tracking methods (183, 219-222). Therefore, this project aimed to simulate data and test the
accuracy of the tracking methods.

Two approaches were used to test the tracking methods:

] A Manual approach

J An Automated approach

The manual approach was used in the first instance to replicate the interactions of a single
user, in order that the configuration of the different trackers can be validated, and the data
recorded can be extracted and compared to that undertaken.

Once the configuration of the different methods was validated, an automated approach was
used to replicate the use expected of the website in a real-world case, i.e. multiple user access
at the same time. This approach allows for complex data-sets that can then be unpicked as
described in section 5.4.7.3.

For the purpose of comparing uniquely identified participants predefined roles and users
were created to assist with testing. These roles were created with different access privileges
to the site so that could be assigned to users.

User interactions were tested on both desktop and mobile devices.

5.4.6.1 Development of the automated script

To emulate multiple user interaction at the sub-second level a simulation software in C#
utilising the web browser automation software Selenium was written by my supervisor (DA).

The flow chart below Figure 35 describes the simulation code.
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Start of the
program

Create a log file
for log data

Create rules
for mapping
loggers to
targets

Create number
of users from 1
to 6

Users (threads) to
perform actions on
site

Close threads
(end of
program)

* Delay time need to be setup otherwise the script will perform extremely quickly {milliseconds) which is not humanly

Define delay
time between

actions™®

Define actions
to be
performed on
site depending
on UserlD

possible and it would not serve its purpose to simulate ‘real’ users

Figure 35. Flowchart simulation code
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5.4.7 Results: Accuracy of recording page views, timestamps, IP addresses and
logins

At the beginning of the testing the accuracy of the following usage metrics was determined
between methods: Page views (including Page Time Viewed), Timestamps and IP addresses.
No additional configuration was required in the tracking methods. Later the accuracy of logins

was also tested.

5.4.7.1 Interaction of a single user manually simulated for page views, timestamps and IP addresses

The interaction of a single user on the website on the desktop client was recorded using
Bandicam and then the data from the different methods were extracted and compared
against each other. Any time offsets were determined for each of the methods data stores.
Video recorded data were compared with server logs, Google Analytics and Universal
Analytics data.

At this point the server logs were not setup to track individual user with a query string
attached at the end and Universal Analytics was not enabled to track by User ID either. As this
was at the very early stages the user was identified by the IP address for the server logs and
with the Client ID feature in Universal Analytics. These drawbacks and configuration for the
server logs and the Client ID in Universal Analytics were discussed earlier. For GA it was
obvious that the view at the recorded time refers to the user that was manually simulated
but the details were very scarce and this cannot be reliable way of identifying a user.

One example of the testing is given below (Table 27).
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Table 27. Video recorded data compared with data from server logs, GA and UA- single user

Timestamp | Timestamp server log Timestamp | Timestamp | GA Website/Page Path video Request Page URL | Page View
video Universal GA activity recorded data server Universal | /Interaction
recorded Analytics on site logs Analytics
data
16:16:05 [15/Jul/2019:07:16:27 --0700] | 16:16:00 16:00:00 / www.testusagemining.com | GET/ / Accessing the
HTTP/1.1 homepage
16:16:10 [15/Jul/2019:07:16:33 --0700] | 16:16:00 16:00:00 /youtube- | www.testusagemining.com | GET /youtube- | Opening the
video-2/ | /youtube-video-2 /youtube- | video YouTube video
video-2/ subpage
HTTP/1.1
16:16:13 [15/Jul/2019:07:16:36 --0700] | 16:16:00 16:00:00 Not www.testusagemining.com | GET/ / Opening the
provided HTTP/1.1 homepage
16:16:16 [15/Jul/2019:07:16:39 --0700] | 16:16:00 16:00:00 /youtube- | www.testusagemining.com/ | GET /youtube- | Opening the
video/ youtube-video /youtube- | video-2 Hosted video
video/ subpage
HTTP/1.1
16:16:53 [15/Jul/2019:07:17:16 --0700] | 16:17:00 16:00:00 Not www.testusagemining.com | GET/ / Opening the
provided HTTP/1.1 homepage
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The IP address obtained from the web browser corresponded with the IP address from the
server logs data and it was 77.28.163.68. The Client ID in Universal Analytics was
1816987088.15605.

The offset between the video recorded data and server log data was 8 hours, 59 minutes and
38 seconds and between the video recorded data and the Universal Analytics data 5 seconds.
Based on the scarce details from GA the offset between the video recorded data and the GA
data was 16 minutes and 5 seconds.

The manually simulated user accessed the homepage, viewed the YouTube video subpage,
returned to the homepage, opened the Hosted video subpage and returned again to the
homepage. The server logs showed the correct requests of accessing the homepage and the
subpages in exact order. The details provided by Google Analytics were very scarce; they only
showed 5 pageviews and 3 unique pageviews at approximate time of 4 pm which means that
the exact time was not given. They also did not indicate sufficient details about the
interactions on site and data cannot be filter by an IP address either. The Client ID feature in
Universal Analytics helps identify the user and gave exact time of accessing the website so
data did match. As stated earlier the Client ID does uniquely identifies a user but the issue
arises when the user switches to another device, browser or deletes the cookies so this cannot
be a reliable way of uniquely identifying user. IP addresses are not available in GA reports
(223, 224).

The offset between the video recorded data and the tracking methods could be due to the
difference in time on the server and the client, and as this was consistent and the relative
time between interactions was correct, this was not thought to be of any concern. This applies
to all trackers.

A second set of data was simulated manually to check video recorded data with data from
Open Web Analytics. The initial testing was of a single user and one example is shown below

(Table 28).
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Table 28. Video recorded data compared with Open Web Analytics data — single user

IP address Timestamp | Timestamp | Webpage/Page Path Page view/Page title Page Path Page View/ Visit length
from web video Open Web | video recorded data Open Web Analytics Open Web Interaction Video
browser and recorded Analytics Analytics recorded data
Open Web data data Open Web
Analytics Analytics
46.217.156.117 | 19:31:47 10:32:56 www.testusagemining.com | Test Usage Mining / Accessing the 00:00:33
homepage
19:32:15 10:33:24 www.testusagemining.com/ | YouTube Video - Test Usage | /youtube-video-2 Opening the
youtube-video-2 Mining YouTube video
subpage
19:32:20 10:33:29 www.testusagemining.com/ | Hosted Video -Test Usage /vimeo-video Opening the
vimeo-video Mining Vimeo video
subpage
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Offset between computer time and OWA time in WordPress was 8 hours, 58 minutes and 51
second.

The manually simulated user accessed the home page, then accessed the YouTube video
subpage and the Vimeo video subpage. Video recorded data compared to the Open Web
Analytics data matched exactly. The IP address, timestamps (including visit length and time

between timestamps or actions on site) and page views (actions on site) were exact.

5.4.7.2 Interaction of multiple users manually simulated for page views, timestamps, IP addresses and
logins

Interactions of multiple users were video recorded using Bandicam accessing pages in a
random order. These interactions were performed manually and users were accessing the site
in a sequential and in a non-sequential manner. Video recorded data were compared with
Universal Analytics, Matomo and Amplitude data. At this stage the User ID was enabled for
the three trackers. The Open Web Analytics was dismissed at this point due to previously
explained issue with uniquely identified users in section 5.4.5.3.

The following example shows users accessing the site in a sequential manner (Table 29).

The following data were video recorded for Users with IDs = 5,4 and 3.
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Table 29. Video recorded data compared with data from UA, Matomo and Amplitude- multiple users sequential manner

User ID | Timestamp Timestamp | Timestamp | Timestamp | Webpage/Page Path Page URL Page view/ Page Page View
video Universal Matomo Amplitude | video recorded data Universal Page title view/Page /Interaction
recorded Analytics Analytics Universal title
data Matomo Analytics Matomo

Amplitude

5 11:34:42 11:36:00 11:36:29 11:35:29 www.testusagemining.com | / Viewed Test Test Usage Accessing the
Usage Mining- | Mining homepage
Test Usage
Mining

4 11:38:23 11:40:00 11:40:10 11:39:11 www.testusagemining.com | / Viewed Page Page Not Invalid for
Not Found - Found - Test | this user
Test Usage Usage
Mining Mining

11:38:28 11:40:00 11:40:15 11:39:15 www.testusagemining.com | /youtube- Viewed Hosted Opening the
/youtube-video video Hosted Video | Video —Test | Hosted video

— Test Usage Usage subpage
Mining Mining

3 11:42:09 11:43:00 11:43:55 11:42:56 www.testusagemining.com | / Viewed Page Page Not Invalid for
Not Found - Found - Test | this user
Test Usage Usage
Mining Mining

11:42:14 11:44:00 11:44:01 11:43:01 www.testusagemining.com | /youtube- Viewed YouTube Opening the
/youtube-video-2 video-2 YouTube Video —Test | YouTube

Video — Test Usage video
Usage Mining | Mining subpage
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The offset between the video recorded data and the Universal Analytics data was 1 minute
and 18 seconds, between the video recorded data and Matomo 1 minute and 47 seconds,
and between video data and the Amplitude data was 47 seconds.

The raw data from Universal Analytics, Matomo and Amplitude show that tracking methods
tracked the interactions correctly meaning that they have tracked the page views (accesses)
to the homepage and the subpages accurately. All trackers show that the User ID=5 view the
homepage (“/”), the User ID=4 the homepage and the Hosted video subpage (URL:
www.testusagemining.com/youtube-video/ hence /youtube-video indicates access to the
Hosted video subpage) and the User ID=3 viewed the homepage and the YouTube video
subpage (URL: www.testusagemining.com/youtube-video-2/ hence youtube-video-2
indicates access to the YouTube video subpage). Universal Analytics and Matomo also show
that users with ids 4 and 3 did not have permission to view the homepage which is due to
permission access privileges assigned to these users. At this stage the raw data from Universal
Analytics did not show timestamp with seconds only hours and minutes. To resolve this later
in the research a new dimension was added in Google Tag Manager and linked to Universal
Analytics so that the exact timestamp would have been obtained.

The example given below shows users accessing the site in a non-sequential manner (Table
30).

The following data were video recorded for Users with IDs =5,4,3 and 7.
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Table 30. Video recorded data compared with data from UA, Matomo and Amplitude — multiple users non-sequential manner

User ID Timestamp | Timestamp | Timestamp | Timestamp | Webpage/Page Path Page URL | Page View/ Page Page View
video Universal Matomo Amplitude Universal | Page Title View/ /Interaction
recorded Analytics Analytics | Universal Page Title
data Matomo | Analytics Matomo

Amplitude
5 11:10:40 11:10:00 11:10:45 11:10:39 www.testusagemining.com |/ Viewed Test Test Usage | Accessing the
Usage Mining- Mining homepage
Test Usage
Mining
11:11:08 11:11:00 11:11:14 11:11:08 www.testusagemining.com/ | /vimeo- Viewed Vimeo Vimeo Accessing the
vimeo-video video Video — Test Video — Vimeo video
Usage Mining Test Usage | subpage
Mining
4 11:08:38 11:08:00 11:08:47 11:08:39 www.testusagemining.com |/ Viewed Page Page Not Invalid for this
Not Found - Test | Found - user
Usage Mining Test Usage
Mining
11:08:44 11:08:00 11:08:51 11:08:45 www.testusagemining.com | /youtube- | Viewed Hosted Hosted Opening the
/youtube-video video Video - Test Video — Hosted video
Usage Mining Test Usage | subpage
Mining
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11.08:49 NA NA NA www.testusagemining.com | NA NA NA Opening the
/youtube-video Hosted video and
switching to
another user
11:09:02 11:09:00 11:09:09 11:09:02 www.testusagemining.com |/ Viewed Page Page Not Invalid for this
Not Found - Test | Found - user*
Usage Mining Test Usage
Mining
11:09:05 | 11:09:00 | 11:09:12 | 11:09:06 | Www.testusagemining.com/ | jimeo- | Viewed Vimeo | Vimeo Opening the
vimeo-video /vimeo-video | yigeq Video — Test Video - Vimeo video
Usage Mining Test Usage | subpage
Mining
www.testusagemining.com/ /vimeo- Viewed Vimeo Vimeo Opening the
11:09:24 | 11:09:00 | 11:09:32 | 11:09:25 . . video Video — Test Video - Vimeo video
vimeo-video ..
Usage Mining Test Usage | subpage
Mining
11:09:32 | NA NA NA www.testusagemining.com/ | \ NA NA Opening the
vimeo-video . .
Vimeo video and
switching to
another user
www.testusagemining.com/ o
11:09:54 NA NA NA NA NA NA Switching back to

vimeo-video

this user the
video has already
finished
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11:09:47

11:09:50

11:10:16

11:09:00

11:09:00

11:10:00

11:09:54

11:09:57

11:10:23

11:09:47

11:09:51

11:10:17

www.testusagemining.com

www.testusagemining.com/
vimeo-video

www.testusagemining.com/
youtube-video-2

/vimeo-
video

/youtube-
video-2

Viewed Page
Not Found - Test
Usage Mining

Viewed Vimeo
Video — Test
Usage Mining

Viewed YouTube
Video — Test
Usage Mining

Page Not
Found -
Test Usage
Mining

Vimeo
Video —
Test Usage
Mining

YouTube
Video —
Test Usage
Mining

Invalid for this
user

Opening the
Vimeo video
subpage

Opening the
YouTube video
subpage
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The offset between the video recorded data and the Universal Analytics data was 40 seconds,
between the video recorded data and the Matomo data was 5 seconds, and between the
video recorded data and the Amplitude data was 1 second.

The raw data from Universal Analytics, Matomo and Amplitude show that trackers tracked
the interactions correctly meaning that they tracked the views to the homepage and the
subpages accurately even when users accessed the website in a non-sequential manner. In
addition, again Universal Analytics and Matomo also show that users with ids 4, 3 and 7 did
not have permission to view the homepage which is due to permission access privileges

assigned to these users.

5.4.7.3 Interaction of multiple concurrent users simulated via simulation software

The interactions of multiple concurrent users on the website were investigated using the
simulation software. This script (described in section 5.4.6.1) was designed to simulate
multiple concurrent users accessing the website was run in PowerShell. The simulation
process lasted for a duration of around 6 minutes. The randomly picked users were the users
with the IDs: 15, 26, 43, 48, 52 and 56. The comparison of data was made between the logs
and the Universal Analytics Dashboard data, Universal Analytics raw data, server logs,
Matomo raw data and Amplitude raw data. The example below shows the simulated data for

user with ID=15 (Table 31).
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Table 31. Log data compared with data from UA (raw and dashboard), Matomo and Amplitude - multiple concurrent users

User | Timestamp | Timestamp | Timestamp | Timestamp | Timestamp | Timestamp | Page View/Page Path Request Page view/ Page
ID log data server log Universal Universal Matomo Amplitude log data server log Page Path view/
Analytics Analytics Universal Page path
raw data dashboard Analytics Amplitude
data raw and
dashboard data
Matomo
15 10:52:42 02:53:21 10:53:23 10:53:00 10:53:28 10:52:38 www.testusagemining.com | GET /?UserID=15 /
/?UserID=1
5HTTP/1.1
10:52:56 02:53:37 10:53:39 10:53:00 10:53:44 10:52:54 www.testusagemining.com | GET /youtube- /youtube-
/youtube-video /youtube- | video/?UserID= | video/
video/?User | 15
ID=15
HTTP/1.1
o GET /youtube-video- | /youtube-
10:53:43 | 02:54:20 10:54:22 10:54:00 10:54:32 10:53:42 www.testusagemining.com/ | ;o +ibe. | 2/2UseriD=15 | video-2/
youtube-video-2 video-
2/?UserID=
15 HTTP/1.1
o GET /vimeo- /vimeo-
10:54:21 | 02:55:04 10:55:06 10:55:00 10:55:10 10:54:20 | WWw.testusagemining.com/ | ;0 video/?UserlD= | video/

vimeo-video

video/?User

15
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10:54:54

10:55:27

10:56:00

02:55:41

02:56:14

02:56:47

10:55:42

10:56:14

10:56:48

10:55:00

10:56:00

10:56:00

10:55:43

10:56:16

10:56:49

10:54:54

10:55:27

10:56:00

www.testusagemining.com/
test-images

www.testusagemining.com

www.testusagemining.com
/youtube-video=2

ID=15
HTTP/1.1

GET /test-
images/?Us
erID=15
HTTP/1.1

GET
/?UserID=1
5HTTP/1.1

GET
/youtube-
video-
2/?UserID=
15 HTTP/1.1

/test-
images/?UserID
=15

/?UserID=15

/youtube-video-
2/?UserID=15

/test-
images/

/youtube-
video-2/
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The user id 15 viewed the homepage accessing the Hosted video subpage, then the YouTube
video subpage, then Vimeo video subpage, the Test Images subpage, the homepage and lastly
the YouTube video subpage.

The offset between the log data and the server log data was 7 hours, 59 minutes and 21
seconds, between the log data and the Universal Analytics raw data 41 seconds, between the
log data and the Universal Analytics Dashboard data 18 seconds, between the log data and
the Matomo data 46 seconds and between the log data and the Matomo data 56 seconds.
When we compare the data from logs with the data from the tracking methods we can
conclude that all data matched between themselves. That means that each tracker recorded
every interaction on site (each pageview to the homepage and the subpages) and that all
actions on site (pageviews) have been sequential so the tracking methods show all

interactions in the exact order. The same results were obtained for the remaining User IDs.

5.4.8 Results: Accuracy of recording clicks, documents downloads, external links

The following usage metrics tested between the methods were: clicks (including clicking on
various links external and internal) and documents downloads. The subsections below
describe the process of configuring the tracking of the clicks in server logs, Universal
Analytics/Google Tag Manager, Matomo and Amplitude. Once those were enabled it was

possible to track the external links added to the website and the pdf downloads.

5.4.8.1 Setup of tracking clicks in server logs

Once the process of adding query string on subpages to uniquely identify users was
implemented for the URL of the homepage and subpages the next thing was to add a query
string to the pdf downloads in a similar manner. Again, the idea was to embed the query string
to the pdf download link. A new code written by my supervisor (DA) was then implemented
on site which allowed to track which user has clicked on the pdf downloads.

An example of such request after adding the code is

GET /wp-content/uploads/2020/02/Download-PDF2-.pdf?UserID=4 HTTP/1.1

indicating that User ID= 4 had clicked on the Download-PDF2 document.
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5.4.8.2 Setup of tracking clicks in Universal Analytics/Google Tag Manager

To enable the tracking of clicks the Google Tag Manager was used which enables both the
tracking of the links and the pdf downloads. This was completed following the online user
guide and web literature on this topic (225, 226). Setting up events of this kind in Google Tag
Manager usually includes creating the right tag (first selecting the Universal Analytics from
Tag Type), setting the Google Analytics Tracking ID, setting up the event with the right
parameters and setting up triggers (225). Depending on the event created they were modified

accordingly.

5.4.8.3 Setup of tracking links in Matomo

In Matomo the configuration of tracking external links and the pdf downloads was not
necessary as the tracker has already had these events as built-in features. Matomo can track
external clicks and the list of all external URL’s clicked by users can be find in the Matomo
(Piwik) report. The same applies for the tracking downloads, a feature that allows to see when
a user has downloaded an image, a pdf document or other type of download. The list of all
supported file extensions that can be tracked as downloads was available on their official
website (227). A very quick test was made manually with one of the created users in
WordPress. The manually simulated logged in user clicked on the external links and pdf

downloads and then it was confirmed that this tracker had successfully tracked these events.

5.4.8.4 Setup of tracking links in Amplitude

To enable tracking of external links and pdf downloads, a code was developed for Amplitude
and added on the website to enable sending these data to the tracker. The code was written
in JS and was setup to call the function "wumAmpSendClickEvent" every time a user clicks on
an <a> tag. The function wumAmpSendClickEvent was then sending json to Amplitude that
had the format:

'pageTitle’ =>The url of the page from which the link (<a> tag) was accessed

"linkID' =>The id attribute of the link, if this attribute is not set or does not exist the

recorded value is a blank
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'linkDestination' => The value of the "href" attribute in the <a> tag, if it is empty or not set it
is left as empty.

These data were all being stored in Amplitude. With the configuration of this code it was
enabled to track both the external links and the pdf downloads. Since this code was setup to
call the function "wumAmpSendClickEvent" every time a user clicks on an <a> tag this
immediately meant that all clicks on external links are tracked. The pdf document again is

inside an <a> tag which allowed tracking on these documents too.

For example,

<a href="http://www.testusagemining.com/wp-

content/uploads/2020/02/fred.pdf">Download PDF</a>

shows that the pdf document again is inside an <a> tag which represents a link.

5.4.8.6 Results of simulation for usage metric: clicks, document downloads and external links

Interactions of a single user when clicking on a link was tested. These interactions were
manual and a mobile device was used for them testing.

The following data were video recorded for User with ID = 4 (Table 32).
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Table 32. Mobile data compared with data from server logs, UA, Matomo and Amplitude

User ID | Mobile Timestamp | Timestamp | Timestamp | Timestamp | Timestamp | Page Path Request Page view/ Page View
Device mobile server log Universal Matomo Amplitude mobile data server log Page path /Interaction
data Analytics Universal
dashboard Analytics
data Dashboard
Matomo
Amplitude
4 Samsung 11:36:22 02:36:14 09:36:00 09:36:27 09:36:23 / GET /?UserID=4 /?UserID=4 Accessing
A21s HTTP/1.1 the
homepage
11:36:22 02:36:28 09:36:00 09:36:35 09:36:32 /youtube-video | GET /youtube- /youtube- Opening
video/?UserID=4 | video/?Userl | the Hosted
HTTP/1.1 D=4 video
subpage
11:36:29 02:36:36 09:36:00 09:36:38 09:36:39 /test-images/ GET /test- /test- Opening
images/?UserID= | images/?User | the Test
4 HTTP/1.1 ID=4 images sub
page
11:36:32 02:36:47 09:36:00 09:36:41 09:36:42 /wp- GET/wp- /wp- Opening
content/uploads | content/uploads/ | content/uplo | the
/2020/02/fred.p | 2020/02/fred.pdf | ads/2020/02/ | Download
df?UserlD=4 ?User|D=4/HTTP/ | fred.pdf?Use | PDF
1.1 riD=4 document
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The offset between the mobile data and the server log data was 9 hours and 8 seconds,
between the mobile data and the Universal Analytics Dashboard data 2 hours and 22 seconds,
between the mobile data and the Matomo data was 1 hour, 59 minutes and 55 seconds and
between the mobile data and the Amplitude data 1 hour, 59 minutes and 59 seconds.

The manually simulated user accessed the home page, opened the Hosted video subpage, the
Test images subpage and on this subpage opened the “Download PDF” document. Data
matches between all tracking methods which indicates that all methods were setup to track
clicks and they can track when a user is opening various documents available on a web-based
intervention.

A second simulation was performed to check for the external links and again checking for the

document downloads. The simulation was on a desktop device (Table 33).
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Table 33. Video recorded data compared with data from server logs, UA, Matomo and Amplitude

HTTP/1.1

User | Timestamp | Timestamp Timestamp | Timestamp | Timestamp | Webpage/ Request server log Page Path Page View/ | Page View
ID video server log Universal Matomo Amplitude Page Path Universal Page Path /Interaction
recorded Analytics video recorded Analytics Amplitude
data data Matomo
5 11:47:59 [04/Aug/2020: | 09:48:00 09:48:02 09:48:00 www.testusage | GET /?UserID=5 /?UserID=5 |/ Accessing
02:47:52-- 0700] mining.com HTTP/1.1 the
homepage
11:48:27 [04/Aug/2020: | 09:48:00 09:48:27 09:48:28 www.testusage | GET /vimeo- /vimeo- /vimeo- Opening
02:48:24 --0700] mining.com/vim | video/?UserID=5 video/?User | video/ the Vimeo
eo-video/ HTTP/1.1 ID=5 video sub
page
11:48:33 [04/Aug/2020: | 09:48:00 09:48:33 09:48:34 www.testusage | GET /test- /test- /test- Opening
02:48:30 --0700] mining.com/test | images?UserID=5 images/?Us | images/ the Test
-images/ HTTP/1.1 erlD=5 images sub
page
11:48:37 [04/Aug/2020: | 09:48:00 09:48:38 09:48:38 www.testusage | GET /test- http://www | http://www | Clicking the
02:48:37 —0700] mining.com/wp- | images/?UserID=5& | .testusagem | .testusagem | Download
content/uploads | ClickedOnLinkld=&CI | ining.com/ | ining.com/ | PDF
/2020/02/fred.p | ickedOnLinkHref=htt | wpcontent/ | wp- document
df?UserID=5 p://www.testusage | uploads/20 | content/upl | link
mining.com/wpcont | 20/02/fred. | oads/2020/
ent/uploads/2020/0 | pdf?UserID | 02/fred.pdf
2/fred.pdf?UserID=5 | =5 ?UserID=5
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The offset between the video data and the server log data was 9 hours and 7 seconds,
between video data the Universal Analytics data 1 hour, 59 minutes and 59 seconds, between
video data and the Matomo data 1 hour, 59 minutes and 57 seconds and between video data
and the Amplitude data 1 hour, 59 minutes and 59 seconds.

The manually simulated user accessed the home page, then opened the Vimeo video
subpage, opened the Test images subpage, clicked on the document titled “Download PDF”,
clicked the external link 1 (google.com), clicked the second document titled “Guidance” and
then opened the Vimeo video subpage. All tracking methods tracked both clicks the

documents downloads and the external link accurately.

5.4.9 Summary of findings for tracking methods

The Table 34 below summarises the characteristics of the tracking methods, the main
advantages and disadvantages presenting an overview of the findings from this project.
Explanations of terms used in the table:
- Basic technical knowledge refers to minimum knowledge of IT, coding and
programming. The process can be relatively easy if this level of knowledge is acquired.
- Medium technical knowledge refers to advanced level of IT, coding and programming.
That means that the process is more complex to execute and higher level of IT
knowledge is required.
- High technical knowledge refers to high advanced experience of IT, coding and
programming. The task can be difficult to perform and highly experienced developer

is required.
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Table 34. Summary table of main features for tracking methods

Server Logs

Google Analytics/
Universal Analytics

Open Web Analytics

Matomo

Amplitude

Configuration

Basic technical

Medium technical

Basic technical knowledge

Basic technical

Medium technical

level knowledge required | knowledge required required knowledge required knowledge
required
Uniquely Not by default; Not by default; users can No (the research team could | Set by default but High technical
Identifying users can be be identified via Client ID | not configure however basic technical knowledge
Users identified by an IP which will not suffice. High | further research might show | knowledge required required
address which will technical knowledge that is feasible) to implement
not suffice. Medium | required
technical knowledge
required
Data Basic technical High technical knowledge | High technical knowledge Basic technical Basic technical
Extraction knowledge required | required required knowledge required knowledge
required
Storage Unlimited Unlimited (data can also Unlimited Unlimited Unlimited
Capabilities be stored for a limited
time if opted)
GDPR or Yes, if configured No Yes, if configured Yes, configured by the | Yes, configured by
equivalent method by default the method by
complaint default
Free to use Yes Yes (free and non-free Yes Yes (free and non-free | Yes

versions available)

versions available)

164




5.5 Strengths and limitations of the tracking web usage project

To the best of the author’s knowledge, an evaluation of tracking methods in context of web-based
interventions has not been done previously. This project evaluated five tracking methods and these, as
noted earlier, were chosen based on a series of Google web searches and mainly noted to be used by
the trialists in the SR, interviews/surveys and focus groups. These five methods were ranked amongst
top nine web analytics tools used by professionals in several online reviews (175, 176, 196, 197).

This is not an exhaustive list of available trackers but it is a representative sample. Evaluating further
tracking methods (as the number of these methods is very high, hundreds or thousands) would not make
sense as other solutions utilise essentially the same methods.

This project covered seven usage metrics that are commonly reported and used in trials (127, 130). This
set of metrics is also a representative sample as the number of usage metrics is very high and a real web-

based intervention often includes many components and metrics that can be tracked.

5.6 Discussion

Usage metrics can be gathered using tracking methods and the evaluation of these methods is beneficial
for trialists to understand which tracking method is most suitable to gather insight into the usage of a
web-based intervention. Automated tracking is most commonly used and these tracking methods
provide detailed information of interactions and usage metrics (3, 228). Recently a paper has been
published that evaluated Matomo in a context of a real-life web-based intervention but the techniques
can be applied to evaluation of all web-based interventions in general (2). This paper suggests an
increased interest in evaluation of the tracking methods and contributes to the research field of how
usage and engagement should be measured. However, at the time of submitting this thesis the literature
on this topic is extremely scarce.

Evaluation of the tracking methods eased implementation and configuration, data extraction, uniquely
identifying users, storage capabilities, cost of methods and relevant features for tracking usage in such
interventions.

The ease of implementation of the tracking methods differed per method, but all tracking methods
required at least basic technical knowledge. Tracking methods such as GA and Amplitude needed
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additional technical knowledge to be configured as the implementation was more complex. Although
this is based on the experience of the author this also corresponds with findings from Chapter 4 where
92.3% of the trialists relied on someone else to implement their method (usually a developer or a
webmaster, implying a technical personnel). A number of online tutorials can also be found for the use
of GA and the implementation process explaining the technical details again implying certain technical
knowledge is required (229-231). This level of complexity also applies to the extraction of data. The
server logs, Matomo and Amplitude have one click download data direct option but technical knowledge
of operating the back-end system is again required. In addition to that the server logs, as discussed
earlier and in Chapter 4, can have hundreds of rows so interpretation and understanding of those data
can sometimes present a challenge for the trialists, suggesting again technical knowledge is required
(125). Hundreds of rows in server logs have led to developers writing libraries to parse server logs files
such as the R Apache Log Processor (209). When extracting data from GA and Open Web Analytics a
code needs to be written so programming knowledge is essential and therefore these tracking methods
have a more complex way of extracting data in comparison to the other trackers evaluated (232-234).
However, extracting data is fundamental so that usage data can be later used for analyses as well as
being able to link interactions on the intervention website with each participant. Uniquely identifying
trial participants provides deeper insight between usage and outcome. The complexity of enabling this
again required technical knowledge, with Matomo being the only tracking method that simplifies this
process (again noting that technical knowledge of operating the back-end system is needed).

All tracking methods have unlimited storage capabilities so data can be stored as long as required. It was
possible to adjust the duration for which the data was available, and all tracking methods allow for
deletion of data. However, uniquely identifying users, the collection and storage of the data needs to be
done in accordance to current rules and regulations. The GDPR introduced in 2018 in the UK is applied
in the Data Protection Act (DPA) 2018 and applies to health and social care research (167) to maintain
this regulation. Accordingly, the GDPR and the DPA 2018 apply to web usage tracking; personal data and
consent need to comply with those (168). The definition of identifiers includes cookies as personal data
too and any usage of personal data needs to be explained in detail (168). Server logs track IP addresses
which also count as personal data. Personal data includes emails, usernames and anything that can
potentially identify participants. Server logs, Open Web Analytics, Matomo and Amplitude adhere to

current standard with regards to GDPR regulations if configured and used properly. The exception of
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these methods is the GA that currently sends data to the USA and therefore it is not GDPR complainant
(195). In this project we collected usage data from simulated users only and therefore did not use any
personal information. Data were retained while analysed and deleted after analyses. However, in a
research environment data may need to be retained for a longer period and it is crucial to clearly define
the purpose of collecting data, informing the participants accordingly and obtaining relevant consent
(235).

All tracking methods evaluated in this project have the advantage of being free to use (though paid
versions may be available for some of the methods if a specific advanced version is required). Trialists
may have limited budget for research so having free tracking methods available to use can be beneficial
for their research. This was also noted in the Chapter 4 when some trialists talked about the worry if
existing free methods ceased to exist. Also, free to use tracking methods may still incur some costs as
discussed in Chapter 4, so this should also be taken into consideration.

The accuracy of the methods was checked in this project testing the following usage metrics: page views,
timestamps, IP addresses, logins, clicks, documents downloads and external links commonly used
metrics in literature (127, 130) and noted by trialists in the other projects in this thesis. Simulations were
run with a single user and multiple users and accessing the website in a sequential and non-sequential
manner to allow for complexity. Testing included multiple devices, desktop and mobile clients again to
test their accuracy using various devices. Our findings suggest that the tracking methods can provide
reliable data to trialists. Previously, research found inaccuracies especially when sampled data were
used. For example, prior research by O’Brien et al (38) demonstrated that 58% of activity on a website
was unreported by GA. Other blogs also stated why there might be inaccurate data associated with this
tracker (220). In one of our focus groups two trialists also made comments regarding the reliability of
GA. However, now the tracking methods provide accurate data with online literature supporting this
statement (52, 236).

Although this project is the first of its kind in terms of determining reliability of these methods in a
context of a test web-based intervention, our findings suggests that they are reliable in tracking usage

data.
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6.Investigating measuring and encouraging usage
of and engagement with web-based
interventions: A focus group study

6.1 Introduction

Based on the interview and survey findings from the TRACK study we identified the need to further
explore the trialists’ views and opinions related to the participants’ engagement with and usage of web-
based interventions and trialists’ perspectives on how to increase participants’ interaction. This is an
important topic considering the current debate of how to measure engagement with web-based
interventions. Therefore, to gather trialists’ opinions a focus group project was developed to explore this

subject and to develop material and guidance for researchers.
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6.2 Aims and objectives

The aim of the focus group study was to develop material and guidance on measuring and encouraging
usage of and engagement with web-based interventions.

The objectives of this study were to review and explore, with input from the trialists:

information about determining engagement with web-based interventions

views and experience with participants’ usage of and engagement with web-based interventions
effect of design and features of web-based interventions on usage and engagement

views and experience on how to encourage participants to engage with web-based interventions

LA

suggestions and recommendations on how to deal with low participants’ usage and engagement

6.3 Methodology

A focus group is a qualitative design technique used to gather in-depth information about a specific
subject through group interaction (237). The group includes selected individuals to share their
experiences, views and opinions on the topic to collect data (237, 238).

In contrast to interviews that are created through a dialogue between the participant and the researcher,
focus groups include dialogue and interactions between multiple participants; therefore, they can
provide different data and additional insight on a given topic (239). The topic on usage and engagement
is a broad subject and trialists sharing their experiences with other colleagues simulates discussion and
brings new ideas, hence for this project it was decided to use focus groups as a research method. Unlike
the TRACK study interviews and surveys when trialists were asked questions about their tracking method
in particular in order to explore individual experience of the method in detail, the focus group discussed
broader subjects relating to their trials. Focus groups are suited for this type of research in order to
exchange views in a group setting, have a dialogue on the topic and confirm or disagree on opinions. In
line with the phenomenology and descriptive methodology approach explained in Chapter 4 (sections
4.3 and 4.4) the same approaches were applied for the focus group study. The topic of usage and
especially the term “engagement” in such trials is very broad and even though the discussions were on
participants’ usage and engagement, trialists views and opinions again rely on their lived experience of

using tracking methods. As discussed in Chapter 4, a reflexive approach was used.
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6.3.1 Online versus face-to-face focus groups

The study involved focus group meetings with international trialists involved in RCTs. Due to the COVID-
19 pandemic, as for the TRACK study, contact needed to be remote rather than in person. Advantages
and disadvantages of online versus face-to-face setting mentioned in Chapter 4 applied for the focus
group project too. Focus groups are much more difficult to facilitate online as there is no eye contact to
direct questions at particular participants to help engage those who may not be contributing as much as
others. Again, due to the limited number of experts in this field conducting focus groups online allowed
inclusion of trialists that were not only UK based. The limitation of this was that agreeing on exact date
and time was more challengeable because participants were coming from different time zones. The
smaller group setting was more intimate and enabled participants discussing the topic to feel that they

are equally involved.

6.3.2 Ethical approval

Ethical approval was granted by the University of Liverpool, Health and Life Sciences Research Ethics

Committee (Human participants, tissues and databases) review number 7981 on the 04/03/2021.

6.3.3 Eligibility criteria

Members of trial teams were eligible to participate if they were aware of details of tracking web usage
or of engagement in web-based interventions as part of a RCT. The only exclusion criterion when

recruiting trial team members into this study was the inability to speak English.

6.3.4 Sample size

It has been suggested in the literature that the optimal number of participants in an online group is 3-6
(240) compared to a face-to-face where usually the number of participants is eight (241-243). So, it was
aimed to recruit 3-6 participants in each focus group. In a smaller group the topic can be discussed in

detail allowing each participant to equally be involved. Based on previously conducted similar studies
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(105, 244, 245) and the specific focus of the study (which limits potential participants) we anticipated

needing to conduct 2-4 focus groups to reach data saturation (246-248).

6.3.5 Recruitment and sampling

The recruitment process started with eligible studies identified in the TRACK study from Chapter 4.
Interview and survey participants (n= 17) who provided consent to be contacted for any future related
studies were contacted to participate in a focus group. Corresponding authors (n= 61) from eligible
studies from the TRACK study who did not respond to previous invitations for the TRACK study were also
sent an invite (Appendix 9) for the focus group study.

A primary search of PubMed was supplemented with searches of The Journal of Medical Internet
Research, Google Scholar and Scopus to identify trials that had been published recently and not yet been
indexed in PubMed as well to include preprints. The search strategy was identical as in Table 16 in
Chapter 4.

All trialists (n= 163) were contacted via invitation email (Appendix 9) and contact details of eligible team
members were requested when appropriate. Each potential participant was invited to take part in a
focus group meeting. A description of what the focus group would entail was included in the email
invitation. Participants who had already participated in the TRACK study were sent one invitation email
only. Other potential participants were sent a reminder email after the initial invitation email if they did
not respond within two weeks.

The flow chart of the recruitment process Figure 36 is given below.
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Participants agreeing to be
contacted for future related
studies from the TRACK study

(n=17)

Eligible studies identified for the
TRACK study whose
corresponding authors did not

reply
(n=61)

Records identified through
PubMed supplemented with
specific journals for preprint
articles, IMIR, Google Scholar
and Scopus

(n=85)

A

X

Declined to participate: 3
No response: 11

Agreed to participate: 3

Declined to participate: 20
No response: 34
Agreed to participate: 5

Agreed to participate but did
not proceed: 2

Eligible studies (n=49)

A

A

Focus groups and number of
participants (n=4 and n=15)

Declined to participate: 5
No response: 32
Agreed to participate: 7

Agreed to participate but did
not proceed: 5

Figure 36. Recruitment process flow chart
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6.4 Focus group meetings

6.4.1 Arranging focus group meetings

Once the corresponding authors responded to register interest in participation, a suitable date and time
was arranged for the focus group meeting and a calendar invite was sent to the participants confirming
the date, time, and the platform. Trialists were given the option to have the meeting via Zoom (100) or

Microsoft TEAMS (101) platforms.

6.4.2 Informed consent

Prior to participating in the focus group meeting a signed consent form was required (Appendix 10).
Once received the author also signed the form and emailed back to the participants a copy for their
records.

At the beginning of the focus group, even though the written consent was obtained, participants were
asked again to verbally consent to video recording and were reminded that they could leave the meeting
at any point should they wish. After approval, the meeting commenced with the author explaining the

aims of the study and providing an opportunity for questions.

6.4.3 Focus group conduct

Appendix 11 lists the focus group topic guide. This was developed based on the discussions by trialists
on the topic of usage and engagement from the TRACK study. To the best of the author’s knowledge no
study has been done investigating the topic in exactly the same manner. The initial proposed topic guide
by the author was reviewed and amended after discussion with the supervisors identifying main themes
and questions to explore the topic in-depth.
When the focus group meeting commenced, it followed this guide which explored:

e how engagement was measured and all usage metrics used to determine engagement

e the effect of design and features that enhanced the usage and engagement

e most valuable lessons learned with regards to engagement including any challenges and

preferences at the design stage
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e suggestions and recommendations for encouraging usage and engagement and dealing with poor
usage or engagement.

As for the TRACK study no incentives were provided to the focus group participants.

6.4.4 Data analysis

Meetings were video recorded, transcribed verbatim, checked and anonymised. NVivo Pro 12 software
was used for organising and indexing data (106). As for the TRACK study, data were analysed using a
thematic approach. The thematic analysis was conducted in the same six phases: gaining familiarity with
the data; initially coding the data; developing the coding framework; defining and naming themes;
completion of coding of transcripts; producing the results (Table 17). Data were coded independently by
the author and all further queries on coding were directed to supervisors (SD, DA & KW) in cases of
uncertainty. The focus again was modified to fit with the criterion of catalytic validity so that

recommendations could inform future trial design (107, 108).

6.4.5 Confidentiality, data storage and consent withdrawal

Names, email addresses and (optionally) phone numbers were collected from participants who wanted
to take part in a focus group meeting. These details were used to contact them to arrange meetings,
send electronic copies of the consent form and study findings (if participants requested a copy). The
contact details collected were not used for any other purpose and were stored separately from all other
data.

The meeting video recordings were anonymised during the transcription process manually. Video
recordings were deleted once the transcripts had been checked against the recordings for accuracy.

All data from the meetings were securely stored in an encrypted electronic file held on a University drive
following data archiving procedures (to be stored for a duration of ten years). Publication of direct
guotations from participants is necessary to report the results of the qualitative research, but no
identifying information appeared in transcripts and therefore no such information appeared in

guotations.

174



Consent forms were stored securely on the secure University drive separately so that no link between
the transcripts and the meetings with the participants could be made. Consent forms were kept for
checking purposes only.

Participation was entirely voluntary, and participants were able to withdraw at any time without giving
a reason. Participants could choose to withdraw consent from all analysis (i.e. all data collected to be
deleted) or to withdraw consent from further participation (but allow their data collected to date to be

included in analysis). None of the participants withdrew from the study.

6.4.6 Risks and benefits

There was no foreseeable risk to participants and no undesired events occurred.

Eligible participants were able to select the time and date of the meeting conducted via web-based
platform (e.g. Microsoft TEAMS or Zoom). All meetings were semi-structured yet conducted in a flexible
manner to encourage narrative production and enable the author to change topic if needed. Participants
were informed that they could leave the meeting, should they wish.

There was no expectation that study participants would benefit directly, although having the chance to
express their opinion may have been useful, allowing them to air their views and to reflect on things.
Taking part in this study gave study participants the chance to share their experience and views with

fellow participating trialists who were also interested in tracking web usage and engagement.

6.5 Study results

A total of four focus groups were conducted involving 15 trialists. The first focus group had five
participants, the second had three, the third four and the fourth three participants keeping in line with
the estimated number of 3-5 participants in each group. At this stage it was felt that data saturation was
reached as similar themes were identified and repeated across groups. The recruitment process started
in March 2021 and ended in August 2021. All meetings were conducted via Zoom. Focus group meetings

lasted from 60-80 minutes.
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6.5.1 Demographic data

Data were collected on gender, country of residence, job role and area of research. Participants included
seven females and eight males from nine countries, and the majority of attendees had an academic role

such as professor or post doc researcher. See Table 35 below.

Table 35. Demographic table

Country of residence Number (percentage)
Germany 3 (20%)
United Kingdom 3 (20%)
Australia 2 (13.3%)
Netherlands 2 (13.3%)
China 1(6.7%)
Finland 1(6.7%)
Switzerland 1(6.7%)
Ireland 1(6.7%)
Japan 1(6.7%)
Gender
Male 8 (53.3%)
Female 7 (46.7%)
Job title
Professor 5(33.3%)
Post Doc Researcher 3 (20%)
Research Assistant 2 (13.3%)
Clinical Investigators 2 (13.3%)
Research Fellow 1(6.7%)
Psychiatrist 1(6.7%)
PhD student 1(6.7%)
Area of research
Psychology 5 (33.3%)
Medicine 3 (20%)
Health Science 2 (13.3%)
Physical Education 2 (13.3%)
Psychiatry 1(6.7%)
Health Informatics 1(6.7%)
Physiotherapy 1(6.7%)
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6.5.2 Engagement as a term

During the focus group meetings trialists discussed about the terms “engagement” and “usage”,
including what the terms mean and how they differ, which was emphasised by the trialists in each focus
group. Trialists opinions were that engagement is more than just the usage of the system and while
usage can be measured by certain usage metrics, the same is not applicable for engagement. What a
participant is actually thinking while using the intervention is not possible to gauge, bearing in mind that

people are different in the way they react to the content and how they look at the intervention.

“There's often a question what is really engagement? Because we often when we look at these web-
based interventions quantify by clicks and pageviews and time on site but is that really engagement?
What is really going on in the head of that person, are they really in that program, are they really
interested or either just gone through the motions sort of and playing the game along. And so of course
engagement is really in people's heads and not so much the number of clicks that they do but which is
just suppose our best proxy for engagement is, | suppose, without going to people explicitly asking them

questions about how much you were into that intervention.”

P1, Focus group 4

“At this time when | use the word “engagement” | talk about more than just the usage of the system. So,
recently we published a scale, but also a paper on just the concept of an engagement and we see that as
behaviour which might be related to actually usage of the system but might also be more the quality of
how you use it, if it's a routine or things like that. Some people need to use the system, very often, for it
to be effective for them. And a lot of people might not so if you see engagement as kind of also the
involvement of an individual with system and something that's very much related to the effectiveness
and it's a very individual measure which makes it's hard to just measure with like a wrong number that

the more usage is better.”

P4, Focus group 1

177



Comments were also given about the terms broader engagement, effective engagement and meaningful
engagement. One trialist talked about their interest to look not just at the individual usage but to also
map engagement among practices around the UK which allowed them to compare usage at different
geographic places. Trialists discussed that the time spent engaging with the intervention does not always

correspond with effective usage.

“And the other thing as well that is really interesting is because (name) who runs our department has
developed the idea of an effective engagement. So, you know, not all usage is equal. Someone could be
spending three hours on there but not have a change in behaviour because it might be that they're
accessing things that they enjoy accessing but aren't actually making a difference to them. So, | think it
is kind of evaluating, realizing that not all engagement is equal, because not all engagement leads to
change in outcomes and so it's really highlighting that and it is not to say that people wanting to use the
intervention and enjoying using it is unimportant, because if it gets people back then that is really
important, but you also need to then get them to use the bits that are going to make a difference to

support them.”

P4, Focus group 3

“What did you wish to had yeah, so | think that the problem with log data is that it's a lot of information
and not all the information is meaningful. So, how do you make this information meaningful, because of
course people can just click through a module, spent 10 seconds per page and have the module completed
but really was that meaningful enough, like what was that you know enough to make what you are really

expecting from that module to do.”

P5, Focus group 1
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6.5.3 Metrics of engagement

Focus group discussions highlighted how trialists collect a combination of usage metrics and subjective
metrics, as well as considering other metrics such as attrition, reminders and typing on the website, as

shown in Figure 37. All metrics are described in the following subsections.

Determining engagement

Usage metrics Subjective metrics Other metrics

Figure 37. Determining engagement

6.5.3.1 Usage metrics

Usage metrics recorded and noted by trialists to determine usage were explored and these are shown
in Table 36 with time spent on site and logins as most frequently used metrics. These findings are similar
to the most commonly used metrics noted in the literature (127, 129, 130, 249) in the SR and the TRACK
study. Pageviews were also frequently measured (including attrition across pages and number of pages

viewed) and clicks (every click, how often they clicked parts on the intervention program, etc).

Table 36. Usage metrics recorded

Usage metrics Number (percentage)
Time spent on site 10 (66.7%)
Logins 8 (53.3%)
Pageviews 6 (40%)

Clicks 4 (26.7%)
Timestamps 3(20%)

Video usage 2 (13.3%)
Web-based games 2 (13.3%)
Pathways 2 (13.3%)
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Modules 1(6.7%)
Sessions* 1(6.7%)
Visits 1(6.7%)
Documents downloads 1(6.7%)
Others 8 (53.3%)

* The term “sessions” by the trialist was used to describe content components (similar to modules) and

did not refer to the technical term.

Although trialists in the focus group study were not specifically asked questions about the tracking
methods used, eight out of 15 trialists (53.3%) reported using server logs, three (20%) GA, two (13.3%)
Matomo, two (13.3%) Life Guide software and one trialist (6.7%) reported using Monstersinsight plugin

(217) (some trialists reporting more than one method).

6.5.3.2 Subjective metrics

Subjective metrics were described as being in the form of feedback and self-reporting data. Trialists

relied heavily on subjective metrics, with 14/15 (93.4%) reporting using such metrics.

“We also had subjective data on how they experienced the parts of the intervention and how useful they
found them and we also had lots of little interactive things in there, where they could enter some
information or where they would be asked if they understood the content or if they had a question or

how they rated it.”

P2, Focus group 4

The one participant who did not use subjective metrics for their trial described how they regretted not
using them alongside their usage metrics. All participants agreed that subjective metrics are extremely

important.

“In contrast to Dr (name) we quantitively measured engagement but solely with logins. So, we just

measured how often, how many of the persons logged into our study platform which is on first view |
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think a very nice measure to calculate how many persons logged into a platform, how often do they log
into a platform, how the engagement develops over time, for example, during the during the study
process. But I'm thinking about our study now, | think that it's not a measure which can give very deep
inside, how this engagement process developed or how the participants experienced the platform or the
study. And talking about qualitative possibilities to measure engagement, we did not have any insights
how interesting the platform was, if there was some kind of enjoyment on the platform. So, we just have

this one objective measure to say x percentage of the people logged in so often along this time.”

P2, Focus group 1

6.5.3.3 Other metrics

Trialists discussed how other metrics used to calculate engagement were attrition, reminders and typing

into the intervention website.

“Yeah that's a good point as well because that reminds me of another engagement metric which we
haven't really spoken about is the non-usage attrition. So, at what points would people stop using it. So,
it’s sort of the derivative of other engagements like when was the last time they were on site, and when
you look at your total group, how long are people going along and at what points people stop using it, is
it halfway or at 75%, what’s the survival rate. That is another way of looking at engagement as well,

which I think is also very important.”

P1, Focus group 4

Reminders were often mentioned by trialists and could have different forms. They could be generic non-
personal reminders, for example sending participants a reminder that a new module is available, sending
a weekly SMS to ask whether participants have completed exercises or reminding them about the

benefits of using the web-based intervention.

181



“So, weekly reminders to remind participants if it's like a week you do one model per week. That we
usually have been doing in our studies we are asking participants to do so, having email or SMS reminders
or some other way of reminding them that hey the next model is now opening and you should continue
with that. And also reminding them about the benefits as well, somehow at that point that this is what

the content will be about.”

P1, Focus group 2

Personal reminders were used when trialists knew exactly that there was little or no interaction or
engagement with the system. When a participant is not using the web-based intervention as intended,
reminders serve to encourage him or her to start or continue using it. For example, they may be sent
when a participant has never logged in or if he or she stops using the web-based intervention. This type
of reminder typically is more detailed regarding the engagement and usage of the participants than

generic non-personalised reminders.

“Also, we use reminders and prompts as well, we use them in two ways if they didn't finish the session
we would remind them to finish the session. But if they finished one and didn't start the new one, we had
a different reminder so to start a new session. And they also came, | think we looked into some literature
there what's the best period to remind them, it was, | think one or two weeks, indeed, after they lost

contact so that was tailored based on when they last logged onto the program.”

P2, Focus group 2

The final other metric mentioned by participants was typing into the intervention website, for example

on a proforma or a discussion board.
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“Last point, we also had a discussion board where they could ask questions freely and get like kind of like
a virtual self-help group so we had lots of elements where they could really engage actively within the

system.”

P2, Focus group 4

6.5.4 Challenges and preferences when designing a web-based intervention

A challenge often mentioned by trialists was the analysis of these data. When data were collected,
trialists described how they had a difficult job analysing data and deciding what to make of the data
received. For example, they would have liked to have good algorithms to make valid conclusions or
knowledge on how best to create new variables. Trialists were interested in exploring usage patterns to

know which combination of usage metrics are predicting effectiveness.

“Okay, right regarding metrics and what | would have wanted to know it's about the complexities that
(name) you just described it very well. | think it's easy like you said (name) to get all the data in but then
you need a good algorithm to make valid information out of that and it's very hard to really from like
click times or times how long somebody spends on a page to really extract information, how much
information that this person really dedicate to that content. And | would really love to see more work on
that specifically for certain contexts for different applications and ideally somebody would come up with
the toolbox where you have prefabricated algorithms for certain scenarios, where you have like large
scale studies like yours, or where you have interventions where you want people to engage with each

other and stuff like that.”

P2, Focus group 4

“I think one of the main issues we ran into is that collecting the data might not be the hardest part it's
more about how you analyse and how you create all these new variables from. There are many things
that I still would love to do in web-based interventions also looking for patterns, maybe in usage because

maybe you can, like a combination of actions might be more predictive of effectiveness and then others
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are just a raw numbers and that's something that maybe not that much related to collecting the data
but more the analyse, the analysation stage which is something that | would very much look forward to

do a little bit more.”

P4, Focus group 1

Another challenge was associated with the accuracy of data. Trialists talked about the inconsistency of
usage data between different tracking methods. They also compared the data with self-report data and
these data indicated that participants did use the intervention contrary to the data obtained from the

trackers.

“We sort of use, we captured the website analytics from Google Analytics and the monster insights plugin
because that could kind of track across multiple devices, but it didn't always, it wasn't a 100% fool proof
so sometimes for some reason he looks like the person hasn't actually engaged, but when you speak to
them, they certainly have been. So, that yeah, | think that's not 100%. So, | suppose we also collected in
the trial some self-reported measures which you know as rely on recall and so forth, but we sort of did
that, as well, to make sure that we captured all of those who, for some reason, would not have been
captured with the website data. | don't know if others have found that but that's what we found out with

our way of doing it.”

P3, Focus group 3

Figuring out which features would work was also an issue for trialists. Knowing exactly which features

can engage participants more would have been very beneficial for them.

“I think there's a lot of unknowns whatever so this this... | mean in a lot of studies that we designed we
kind of have to figure out what features work and what features don't work so that's kind of also figuring
out are they going engage people or not and we don't yet know. For example, when we did the study
with the social networking comparing that to a more traditional website without a social networking
component is that oh we didn't know what is the evidence here, is that going to work or not. So, the
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actual goal and purpose of the study is to find out more about how people will engage and what are the

features that work and won’t work.”

P1, Focus group 4

In terms of preferences, trialists mainly talked about the correlation of usage with behaviour and

understanding what metrics are available.

“Yes, we were able to tell who's doing what and then see whether the actual usage is associated with

behaviour change.”

P1, Focus group 4

“Maybe something more like if | knew more about how the, what are the best metrics in a sense, to
evaluate the interventions in informative ways of what to develop, what to improve in them that's quite

weird but that's, something that would be useful, would have been useful.”

P1, Focus group 2

Other less frequently mentioned preferences were guidelines, increased granularity, measurements of
long-term outcomes, questionnaires to measure engagement and determining usage of specific

groups. Direct quotes on some of their comments are given in Table 37 below.

185



Table 37. Table of comments on less frequently mentioned preferences

Description

Comments

Guidelines (n=1)

Increased granularity (n=1)

Measurements of long-term outcomes
(n=1)

Questionnaires to measure engagement
(n=1)

“I'm less technical, so | can't really give you that web
analytics but the way | thought to answer your
question, what would have been helpful well if some
guidelines were available at the time that would
have been helpful.”

P2, Focus group 3

“I think what | know now and | didn't understand
before is that it's also it would be super interesting to
have metrics that like to describe the process of
engagement over time because everything we did
was calculated number. But like what really happens
is, of course, someone like works a lot at the
beginning and then not at all, maybe logged in again
later, and all this is lost in our metrics and | still don't
have perfect solution but maybe someone else has
ideas on this. Um because | think, to really get an
understanding we also need to look at the time spent
on engagement, not on the numbers.”

P2, Focus group 1

“Also, this is something that I've been thinking about
lately. Is that how to measure, how to assess the
engagement outside using the actual lead program.
So, what are the participants actually doing in their
everyday life, are they applying the skills, the
exercises learned in the program, are they actually
doing it, so we can ask about it but how to ask about
it that's the question.”

P1, Focus group 2

“I would say that | have been looking at various
recent articles related to user experience metrics and
subjective measures of actual engagement is there
some kind of pseudo questionnaire short enough
that we could use and good, suitable for our target
audience as well. So, that's something if there would
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be something like that that would be really great.
Also comparable between different studies that
would be great so | haven't used yet any such we
have always been kind of making our own
questionnaires or surveys.”

P1, Focus group 2

Determining usage of specific groups “And regarding like background knowledge also, |

(n=2) think it would be very interesting to look at
psychological variables that are correlated with
certain behaviours or certain of these metrics like
self-efficacy, for example, or even just a big five
personality that would help like tailor your metrics to
certain target groups and you might have certain
patterns that you can identify when you check for
these additional parameters in the users.”

P2, Focus group 4

6.5.5 Effect of design features on usage and engagement

During the first focus group, two trialists stated that they were not able to recommend any specific
features related to usage and engagement. This was said based on their experience with these trials,
recognising that they cannot specifically state whether some features really influence the usage and

engagement.

“We haven't, so in our studies, like the one | was describing, we didn't look into specific tools or specific
content. We have done work with because we collaborate as well with Microsoft researchers of
Cambridge and they are experts in artificial intelligence and all that and we tried to do some machine
learning analysis applying to all the log data, and also all the different levels of granularity. And we
haven't found anything that stands out, right so at that level | wouldn't, | think, at least from our

perspective we haven't been able to identify specific features that are you know related to engagement.”

P5, Focus group 1
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“I think this is just a very, very difficult question. | think it depends a lot on what kind of intervention. I've
done a few studies that really focus on whether or not certain features enhance adherence to an
intervention and | haven't found anything. I've done a study on whether the design influence well
engagement in a certain way, and that was more like involvement so that was a little bit earlier than our

work on engagement now.”

P4, Focus group 1

However, the majority of trialists shared what they found useful in their trials. Even the two trialists
above who stated that they could not recommend any specific features, mentioned features or designs

that they found useful.

“Of course, there are features that we assume based on the previous literature that are related like, for
example, the ones that we will are reminders, like the use of reminders is going to relate to higher use at

least at the earlier stage.”

P5, Focus group 1

“But what we saw is that the design of an intervention, for example, game versus pretty plain influence
how people view an intervention, how involved they are so precursor our parts of engagements. So, those
kinds of things we can do, but at this moment my line of thinking is much more that we can use
engagement, or at least the way people if human intervention as a way to select which features should
be in there for these particular individuals. | would turn it around and say okay let’s make different
versions of an intervention, have people try them out, see where they score higher on engagement and
say hey this is your perfect intervention. Because at this time, | think, on a general level, there are very
little features that we know that will influence engagement, the same way for everyone that’s just a very,

very difficult question at this point. “

P4, Focus group 1
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Other trialists talked extensively about the effect of design and features, and how they can increase
usage and therefore potentially also increase engagement. The most frequently mentioned were the
user experience (UX), testing and human involvement and personal contact, features that trialists
thought can make the most impact. The list of all features and effective designs was extensive and these

are summarised in Table 38.

Table 38. Effective designs and features to enhance usage and engagement

Recommended features and designs Number (percentage)
User experience (UX) 12 (80%)
Testing 8 (53.3%)
Human involvement and personal contact 7 (46.7%)
Reminders 6 (40%)
Interactive content 5(33.3%)
Target population 5(33.3%)
Tailoring 5(33.3%)
Gamification and rewards 4 (26.7%)
Bookmark system 2 (13.3%)
Goal setting and self-monitoring 2 (13.3%)
Multiple modes 2 (13.3%)
New information 2 (13.3%)
Participatory design 2 (13.3%)
Social networking 2 (13.3%)
Role model 2 (13.3%)
Website design 2 (13.3%)
Autonomy 1(6.7%)
One URL 1(6.7%)

The most frequently mentioned feature, UX, was mentioned by 12 (80%) trialists. Trialists talked about

the need for the intervention to be easy to navigate, user-friendly and personally relevant for them.

“And | suppose something that we haven’t yet touched upon but which is also important, | think, for
engagement is your website needs to be user friendly right? So, you can have all the right features on
there that we know these are the evidence-based behaviour change sort of techniques that we

implemented but then you can still have sort of crappy website that is conky, it’s not easy to navigate
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and the phones are too big or too small, whatever it is, and the colours are ugly and so. If people hate
the website even though it’s useful they’ll also stopped using it.”

P1, Focus group 4

Testing was also mentioned as an important part of the development process when designing a web-
based intervention. Sometimes minor details can be overlooked that impact the use of the intervention;
also the way the intervention is planned and used can be different. Therefore, testing can help avoid

these issues.

“Do your own sort of testing because you may think you're on a gold mine but then maybe people don’t
like for whatever reason because there is a little detail, the X button is just not on the right spot it could

be but yeah definitely do a pilot testing.”

P1, Focus group 4

Human involvement and personal contact were also valuable features mentioned by trialists. They
described how personal contact can help reduce attrition and help participants remain engaged in the

study.

“For us a really important concern was keeping people committed and push through until the end. In
most web-based interventions you have a huge dropout rate especially when you don't have this personal
contact and we had a very, very low dropout rate almost everybody finished and we thought that really

is a sign that they were committed and emotionally bound, and | think this is a good metric.”

P2, Focus group 4

Reminders were often mentioned in all the focus groups as a feature to help increase interaction with
the web-based interventions. Regardless of whether they were personalised or non-personalised,

participants may find reminders to be very useful.
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“So, yeah intrinsic motivation, of course, the program itself the intervention itself has to be interesting,

enjoyable useful but still having something to reminded them is very important.”

P1, Focus group 2

Similarly, interactive content was highly rated as a feature to enhance participants’ engagement.
Avoiding just reading or listening but being active on the intervention to up the degree of interactivity in

the program can bring more enjoyment to participants.

“Yeah, | think long gone are the days of static websites so just told you what to do and everything was
going to be fine. Yeah, really need interactive designs that will engage the people, be fun. People need to
have a reason to come back if there's no reason to come back they will definitely not come back. And so
interactive features will give that sort of reason to come back and keep using the website and so definitely
look at the evidence from previous trials and what they’ve found and try to implement that as best as

possible.”

P1, Focus group 4

Tailoring the design of the web-based intervention to participants’ preferences was also mentioned, so

that the information/content is relevant for participants.

“Um, one thing that we use which | think is tailoring and kind of personalisation | think that's one we try
and do often to give people an element of choice in what they're viewing and then allow the information
that they see further down the line to then be tailored to questions or choices they’ve made earlier in the

intervention.”

P3, Focus group 4

Opinions were divided on the gamification and rewards; some trialists thought that this would keep

participants more involved while others felt that it may decrease the intrinsic motivation.
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“Yeah, and with gamification there are other things as well, like you know, giving people rewards for
reaching the certain amount of steps or points or whatever it is. So, people can give each other gifts or
mountains or whatever it is so there's a range of little tricks and yeah, the evidence is quite supportive of

gamification. People like that sort of stuff so, yeah, it works.”

P1, Focus group 4

“This is super interesting. Again, from a psychologist side of view | just want to add like the gamification
stuff and like adding these little rewards is kind of like, I'm a little bit unsure if it's really the optimal thing
that we want because it's like an intrinsic reward and it kind of distracts from the actual content and it

might even kill intrinsic motivation.”

P2, Focus group 4

6.5.6 Lessons learnt

Trialists were asked to share their experience and thoughts on anything that they would have liked to
know prior the study with regards to engagement. A common answer was that trial participants may not
use the web-based intervention as intended; what people say and do can be different and participants
may vary in how they use the web-based intervention Similarly, trialists who also used a person-based
approach to develop their interventions stated that what people say in interviews does not always

corresponds with what they actually do.

“I think, when you start such a trial, | think one of the things that you should keep in mind is that people
won't use the system the way you think. And if you start with that conception it's much easier to think

about okay, but how do | want them to use the system?”

P4, Focus group 1
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“I recall a study, it wasn't a study that | was involved with myself but they were going to do a website, a
physical activity website and before they’ve developed the website they went to do this whole formative
research, talked to people what they wanted, how they want to use it, and you know, did focus groups
and got a lot of information of it, built the website accordingly and then turned out people weren't using
it, the way they’ve said they wanted it. So, there is really a valuable lesson in there, it's not because people
think they want something they actually want it. | think, yeah, something to think about is what’s the
website used as intended, and so | think that's sort of goes as well, because you design something but
people may use it in a different way than we anticipated or something is not used at all and something

else is used pretty much more.”

P1, Focus group 4

When talking about the most valuable lessons learned, the most frequent answer was the importance
of informing and communicating with participants. Trialists felt that the “journey of the user starts even
before they start using the intervention” (P5, Focus group 1) and therefore, communication is crucial.
The way the intervention is explained to the participants is very important as well as how clinicians and

investigators spread information and make contact.

“One of the other things we did halfway through the trial that | think is we are chatting up for another
trial we were doing was people | think need to | don't think we were clear what they were going to get,
and so | think we needed to be clear about the people’s expectations, so that they will come in and know
what they are going to get and not coming thinking oh | thought it was going to be this so I'm going to
drop out. So, we thought when we're doing a screening and things to be a lot clearer to people about
what it is, and then | think that helps if you like engagement, because it meets their expectations. So, you
know the marketing, if you like, and being very clear about what people are going to gain from it and
who is suitable for so that you don't. | think a lot of times people get on to these programs and then go
oh that's not for me, | didn't know, I didn't realise or so that was another thing to make sure people were

really informed, if you like.”

P3, Focus group 3
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Another important point was the value of the intervention from the participants’ perspective.

Participants need to feel that the intervention will bring value and that it is going to be useful for them.

“There must be something that is content wise is interesting or the social group must be somewhat
rewarding or the gamification must be so much fun or there must be something that pulls you in
emotionally and that pulls you over that level where you make a commitment and you say okay it's worth
it, | make the investment, where | present myself or | will make a contribution because | feel indebted for

all that great stuff | got.”

P2, Focus group 4

Trialists also noted that fellow colleagues should be encouraged to report on usage metrics regardless

of whether or not the intervention was found to be significantly effective or used much.

“One should be objective and transparent and, of course, try to publish these low usage data. | think
that's quite important to fight a little bit against this publication bias because | think the insights into
unsuccessful interventions are maybe, a little bit or maybe even more important than just publishing

positive results in this context.”

P2, Focus group 1

“Something that, as a researcher when | read other papers and they don't report on metrics, they have
done a web-based study and there is no report on metrics | get a bit frustrated because it's so easy to set
up, and it may well be that researchers didn't realise how easy it can be done and that's what they didn't

do it, but yeah | think it's that sort of information.”

P1, Focus group 4
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6.5.7 Suggestions for low engagement with web-based interventions

When there is a low engagement with a web-based intervention, it can be very difficult for trialists to

know exactly what to do and sometimes it may even be impossible to substantially improve engagement.

“That’s a difficult one, if we had this answer we can all go.”

P4, Focus group 1

“I think it’s sort of tough question and what do you do when people aren't using the website? From a
research point of view, when you find that out is probably too late because the money is spent and
probably you don't have any other sort of money to go fix it and, but in the real world, and if money is
not an issue, mostly it is | suppose is to go back and redesign and trial and error and until you finally do

your tracking and make changes and see whether it improves or not.”

P1, Focus group 4

Trialists agreed that the first thing to try to do is understand and investigate the reason for low

engagement.

“Well, the first thing it would be to try to understand why it is low.”

P3, Focus group 2

“Will try, yeah. | think, it's important to know why. So, just low usage might be a problem, of course, but
it might also not so much be a problem, and so the individual engagement, are there reasons why people
use the system or do not use the system, | think it’s very important. So, first look back at okay, what is

low, and is that people do not use certain features, or do not log in at all and try to look for causes.”

P4, Focus group 1
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When and why participants had stopped using the intervention can also indicate various reasons. When
a high number of participants do not even start using the intervention something wrong or suboptimal
in getting them to use even a technical issue or an update or a broken link may be a reason. When
participants stopped using the intervention at certain point during the intervention then that might
suggest content related issue or something may have overwhelmed participants. In order to gain
understanding, trialists noted that it can be very useful to obtain feedback. Once the reason is

established, trialists can try to resolve it accordingly.

“And | think when you're saying you know if you're having issues with engagement in your intervention,
and | think it, for me it comes down to that too, so | think the quantitative data can be useful for looking
outside in this is what we've had, if we've come across issues we first look at the quantitative data and
see is there an element of the website where people are dropping out? Because that’s then suggests that
either there is a technical issue which we've had it once or twice where actually people have stopped
using it because at a certain the point pages aren’t working the way it's meant to work because you
know, an update has happened or something's broken or it's something that's been missed. Or is there,
you know navigation issues are parts of the site that people are finding or using so the quantitative data
can be useful for that, but then also | think it's very important to look, to then do qualitative work which

then will follow. “

P3, Focus group 4

Although there may not be a straightforward solution to the issue of low engagement and usage (as
indicated in previous comments), some trialists still gave suggestions that may be useful to other
researchers. These suggestions included the co-creation from the start, panel testing or improvements

to the web-based intervention.

“I think the most important thing is co-creation, that you involve the target group from scratch, involve
other stakeholders from scratch. For example, in my case, we made like a steering group before we
started developing the intervention. We included type 2 diabetes patients and e-health experts,

nutritional experts, someone from behaviour change, diabetes doctor and we got together every three
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months to decide okay what's the best way, according to all perspectives to do with this program and |
think the most important is your direct start group. Yeah, | think, involving all perspectives and co-

creating are the most important things in my opinion. “

P2, Focus group 2

“I think that would be the way to deal with it, and maybe try to improve the intervention or the platform

or the accessibility, if it can be improved in order to get high numbers.”

P3, Focus group 2

Finally, trialists’ opinions on what they think will make participants engage the most were associated
with meeting and identifying participants’ needs and their emotions or motivation. This is similar to the

finding from Schubart et al (129) that adapting to participants’ needs will lead to more engagement.

“And from our experience the people who would engage most and interaction really get committed to
the program would be people who had a real demand and interest and where there was a psychological
problem that was emotionally challenged to them, and you would meet their demand with our product
basically. And so, to do that, we also had a screening so before we enrolled anybody in the study we
would make sure that they had a certain level of psychological burden like anxiety or depression, and so
there was already a certain ground demand for some support. And so, | think, maybe, if you could even
go beyond that and having more specific diagnostics, for you like identify certain needs of participants
and where can really then in congruent fashion time we meet this demand that should create a huge
impact on reinforcing their commitment to the intervention, so | think diagnostic is another great tool

here.”

P2, Focus group 4
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“One thing | thought was to ask the expectations, what the patient will get from this intervention. So,
especially | see a lot of depressed patients and they have a lot of unsuccessful treatment before they
come to our clinic so they think that this is one of another kind of a treatment, but maybe it's very
important to ask what they think about, what they expect. So, those are very connected with the
engagement and so like maybe depends on what kind of people or what kind of patient you intervene,

but maybe those are things that should be asked initially.”

P1, Focus group 1

6.5.8 Brief summary of key findings for usage and engagement with web-based interventions

The key findings from the study below are based on trialists’ views, comments and opinions on the topic
of participants’ usage and engagement. These are summarised from trialists’ experiences with web-
based interventions with regards to determining engagement, increasing participants’ usage and
engagement, the importance of the patients’ perspectives and the role of technology in web-based
interventions. These key findings are used to generate recommendations for trialists because it was felt
that it was important to be added in a pragmatic way for trialists to understand. The recommendations

are summarised in Table 39.

6.5.8.1 Determining engagement

Based on the discussions on the term “engagement”, it was evident that determining engagement is not
straightforward. To determine engagement trialists from the focus groups suggested using usage metrics
together with subjective metrics and others metrics. Usage metrics can include logins, time spent on
site, modules completed, clicks, video usage, pathways, pageviews, and various others depending on the
content of the web-based intervention. The subjective measures or qualitative and quantitative data can
be in the form of a feedback, self-reporting data, or questionnaires. Other metrics that can be used

include reminders, attrition and typing to the intervention website.

198



6.5.8.2 Increasing usage and engagement

To increase usage and engagement trialists suggested carefully designing the web-based intervention to
include various features. Although as mentioned earlier it is hard to determine in advance which features
would benefit participants, the majority of trialists still recommended an array of features and design
suggestions based on their experience, listed in Table 38 including the UX as the top listed feature.
Trialists suggested carrying out interviews of prospective participants to determine their views on what

would increase their engagement.

6.5.8.3 The importance of participants’ perspectives

The importance of participants’ perspectives was agreed by all the trialists to play an important role. The
main point is to make sure that participants’ views are taken into consideration to enable meeting their
requirements and expectations. Managing their expectations can help avoid drop out as sometimes

patients may not fully understand what they will be getting with the intervention.

6.5.8.4 The role of technology in web-based interventions

The last key finding was associated with the blend of technology with the web-based interventions.
Different populations may use the intervention differently, for example a younger population may access
the intervention via their mobiles, whereas an older population may choose to use tablets or laptops.
Participants typically have their own preferred mode of delivery; some will prefer to sit in front of a

computer while others prefer to do things on the move.
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Table 39. Proposed recommendations for the use of web-based interventions

10.

11.

12.

13.

14.
15.

Trialists to work with technical personnel at earlier stages of the design process to make sure
current trends in technology are applied and applicable.

The functionality of the intervention needs to be tested with pilot testing by a panel from the
target population.

The design of the web-based intervention should be interactive, user friendly, easy to use, easy
to navigate, fit for purpose and tailored to participants’ preferences.

Gamification and rewards to be considered carefully as they might work either way; they may
increase the usage and engagement or diminish intrinsic motivation.

Interventions to involve a human and personal contact and provide immediate response to
participants.

Interventions to include: new information to avoid generic and well-known information; a
bookmark system to enable participants to continue where they have left; goal setting and
self-monitoring features; and multiple modes as some participants may more learn easily via
an auditory or visual mode.

Trialists to consider mobile apps as they are becoming increasingly popular.

Interventions should be accessible on different devices and compatible with older models.

In developing the intervention, trialists to consider inclusivity and the issue of technological
literacy.

Privacy and security issues should be considered to ensure current privacy and security
regulations are strictly followed.

More usage data should be collected, especially if data can be collected automatically without
being intrusive to participants and carefully pre-select features and metrics.

Participants’ views on the intervention should be gathered and in a variety of ways, including
feedback, surveys, and questionnaires. It is important that participants’ insights are obtained
at all stages of the intervention.

To use reminders to maintain participants’ interaction.

To explore patterns of usage to enable identification of popular features.

Patterns of usage to be linked with outcomes using an unbiased causal analysis to determine

which are more beneficial.
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6.6 Strengths and limitations of the focus group study

To the best of the author’s knowledge this is the first study to investigate trialists’ perspectives on
participants’ usage of and engagement with web-based interventions in this manner. As for the TRACK
study, this study benefits from including trialists who were experts in this field based in the UK and
internationally. Participation invites were sent to all newly published trials identified by the search.
Again, due to the COVID-19 pandemic focus group meetings needed to be done remotely rather than in
person which excludes having a direct, in person contact with participants which may have been more
comfortable for them. Scheduling the focus groups was challenging due to participants being in different
time zones. However, suitable dates and times convenient for all participants were agreed and the
smaller group setting enabled all participants to be equally involved discussing the topic.

As for the SR and the TRACK study, this project did not search for RCTs that use mobile phone

applications and social media.

6.7 Discussion

In the context of trials, participant engagement with web-based interventions is important to allow
meaningful assessment of outcomes (228). The focus groups findings presented in this chapter
suggested that a combination of various metrics (usage, subjective and other more general metrics) can
be used to determine engagement. Our findings are similar to the proposed definition of engagement
with digital change behaviour interventions by Perski, (228) that “engagement is the extent (e.g. amount,
frequency, duration, depth) of usage and a subjective experience characterised by attention, interest
and affect”.

Combining these metrics is important to gather deeper insight about participants’ interaction on the
intervention website. Use of the intervention by participants does not necessary equate to engagement.
As discussed earlier, participants may access the full intervention without engaging entirely or feeling
that it has been beneficial for them; alternatively, a participant may find it very helpful accessing just
one component of the intervention. Different participants may also require different “doses” (130) of
the intervention to find it effective. Usage data are regularly used as the main source for measuring

engagement but additional subjective metrics are also required (250). Subjective metrics are very
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important as participants can share their views of the intervention, their satisfaction ratings, and
evaluations of their experience. Usage data alone cannot provide this deeper insight.

Objective usage data are still extremely important, as they can provide valuable insights into the extent
and patterns of usage of the intervention. Such data present valuable information to trialists, as they can
see who is actually using the intervention and potentially detect a relationship between usage and
outcomes (39, 130, 132). If participants do not use the intervention, then the content or design of the
intervention cannot be associated with any outcomes. Usage metrics may not be reported either
because trialists did not collect usage data or because they try to cover the fact that participants did not
actually use the intervention much; however, trialists in the focus group suggested these data should be
reported even when the intervention was not found to be significantly effective or used much. Other
more general metrics that may be used (such as attrition, reminders, typing into the website) help to
supplement objective and subjective metrics to get further information about participants’ interaction
with the intervention. Reminders for example can also facilitate usage and engagement as they can
encourage and remind participants to complete the intervention.

Various features were mentioned by focus group participants as suggestions to help increase participant
usage and engagement, including the user experience. Literature shows that enhancing the user
experience leads to satisfaction with the program (251). Other suggested features include testing, and
human involvement and personal contact which also corresponds with findings in the literature (129).
Reminders, which may be generic or personalised, are also very useful to increase interaction, especially
at earlier stages (252, 253).

Research suggests that interactive sections as part of web-based interventions positively influences
patients’ feelings of empowerment (254, 255). Therefore, in the design process interactive features
should be considered and added to the intervention if possible. Having a tailored design has also been
found to enhance levels of engagement in trials (249, 251, 256, 257) making the intervention more
personalised to participants. Interactive content and tailored design should take into consideration the
needs, abilities and technological experience of the target population.

Contrasting opinions were given on the topic of gamification and rewards between the participants in
the focus groups. While some were in favour of these features, others believed that they can diminish

intrinsic motivation and may distract participants from the actual content. However, game versus plainer
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design can influence how participants view the intervention (35, 258) so it is a feature that should be
carefully considered in the context of the trial and target population.

Focus groups proposed that the website design should be interactive rather than using more traditional
designs that consist mainly of text, which is also supported by the literature (3, 259). This is similar to
the finding reported by Danaher et al (260), who found that an enhanced website (tailored and
interactive) attracted more participant visits and usage compared with a basic website (text based
content).

Other desirable features to assist with usage and engagement include having a bookmark system; goal
setting and self-monitoring features which represent key elements for monitoring symptom
improvement (251, 261, 262); providing participants with new information, a feature also noted in this
field to decrease attrition (129); incorporating participatory design; social networks to increase usage
and engagement and meet participants’ needs (also shown to be helpful in literature (129)); multiple
modes; and use of a role model such as bot. Research on the use of chatbots and Al coaches to support
guidance is becoming increasingly popular (245, 263, 264).

Trialists in these focus groups unanimously agreed that they have better results when they considered
participants’ views on the intervention. This recommendation is also provided in the literature (245, 262,
265) which highlights the importance of users’ perspective in the development of interventions.
Obtaining this insight is crucial as even seemingly minor technical issues, such as buttons placed in
inappropriate places or an overly long video, can potentially irritate participants. It is important to
consider participants’ perspectives at all stages of the intervention design process.

The way the intervention is communicated to participants was also highlighted, and as one trialist stated
“the journey of the user starts even before they start using the intervention”. These findings suggest
that good instructions and a clear format can encourage participants usage.

As technology and online treatments evolve, trialists are advised to keep up to date with technology, to
avoid their interventions becoming obsolete (251). This may also help to improve the ease of using the
intervention (39) (for example, if new advances help to make the intervention more user friendly) or
allow designers to implement improvements to the design or features of the intervention. Trialists
should aim for a design that can be used on multiple devices, small screens, with responsive designs and
if possible dedicated apps to allow more options for participants. Different populations may use the

technology differently, and therefore the intervention should be available to all in the target population
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and compatible with various models. Although Vandelanotte et al, (257) found that a delivery mode
preference does not influence the effectiveness of the intervention, allowing participants to use their
preferred device can increase participants’ satisfaction levels with the intervention and increase the user
experience.

When designing the intervention trialists are advised to take inclusivity into consideration, making sure
all participants have equal chances to use the intervention and participants that do not have technical
knowledge are not excluded.

Health information obtained from participants in clinical trials need to follow regulations about privacy
and security. Participants’ data need to be protected and used legally, as discussed by trialists in the
focus groups. GDPR applies to the European Union countries but other countries may have their own

legal data regulations.
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7.Discussion
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7.1 Summary and interpretation of key findings

7.1.1 Current practise among web-based interventions in terms of collecting, reporting and
analysing web usage data

This thesis began with a systematic review to determine the extent of web-based intervention use in
RCTs and to ascertain current practice in terms of collecting, reporting and analysis of web usage data in
such trials. The review demonstrated that the use of web-based interventions in RCTs has been on the
increase over the last 15 years but the number is still low in comparison to the overall number of
published trials.

A random sample of 100 trials involving web-based interventions suggests that such interventions are
most commonly used for health promotion (42%) or mental health (32%). The review of systematic
reviews of web-based intervention studies demonstrated a similar pattern, with 38% of reviews relating
to health promotion interventions and 33% relating to mental health.

The collection of usage data is important to determine the extent to which the intervention is being used
by trial participants and to link the effectiveness of the web-based intervention with the actual usage of
the intervention. Knowing how and to what extent a user uses and utilise a web-based intervention can
eventually provide valuable information not only on how much the web-based intervention was used
but also to assist in estimating the efficacy of the intervention. Unlike subjective data which can includes
various forms of feedback, these data are objective and can be obtained automatically without being
intrusive to patients. Still, consent cookies are required and regulations for privacy and security of data

need to be followed.

7.1.2 Tracking methods used to collect usage data

The majority of the 100 studies reviewed (90%) in the SR reported the collection of web usage, but over
50% of these studies did not mention the method used to ascertain trial participants” web usage. The
most commonly reported methods were logs (predominantly server logs), website tracking data, GA and
self-report data. The TRACK project, involving interviews and an online survey, was conducted to gather

in depth information about trialists’ use and experience of tracking methods. Findings from the TRACK
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study show that the trialists involved mainly used GA, website platform feature, bespoke software and
server logs to collect web usage information. In the subsequent focus group study, some trialists
mentioned the tracking methods they have used. Those trialists mainly reported using server logs, GA,
Matomo, and Life Guide software.

Overall, the findings from the SR, interviews, surveys and focus groups suggest that trialists most
commonly use server logs and GA to collect web usage information, so these two methods were included
in the tracking web usage project, which was conducted to evaluate some of the most popular tracking
methods. Matomo was also stated to be used by trialists in the focus group study. Other tracking
methods evaluated in the tracking web usage project were Open Web Analytics and Amplitude.

These findings suggest that trialists often chose a tracking method that is well-known, with some trialists
opting for a bespoke software due to the specific requirements of the method in terms of their
interventions. Trialists in the TRACK study described website platform features, and the studies included
in the SR referred to website tracking data; but these references were vague, as these trialists were not
involved in the technical implementation of tracking web usage. This suggests that the percentage of
“known” methods in our results exaggerate the true percentage, if the exact method was not stated by

those trialists.

7.1.3 Tracking methods implemented and used in context of web-based interventions

The tracking web usage project in Chapter 5 and the TRACK study in Chapter 4 both aimed to gather
deeper insight into the use of tracking methods in the context of web-based interventions, with the
tracking web usage project aiming at the technical understanding and evaluation of methods and the
TRACK study using qualitative and quantitative data to combine the findings. Our findings indicate that
technical knowledge is required to implement and configure the tracking methods. In the TRACK study,
the majority of trialists (92.3%) relied on someone else to implement their method (a developer or a
webmaster, implying technical personnel) which aligns with the tracking web usage project suggesting
that certain technical knowledge is needed based on the author’s experience. The level of complexity
varies according to the specific software and task being performed; therefore, different levels of

technical knowledge may be required, depending on the software/task.
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Findings from the TRACK study suggest that mostly trialists would use their methods again, suggesting
that use of a tracking method is helpful for trialists to gather insight about participants’ behaviour on the
intervention website. The advantages of using the methods stated by trialists were numerous, including
the level of usage data provided, automated tracking, ability to track participants without influencing
them, having a friendly Ul, gaining objective metrics and being free or easy to use. Disadvantages again
depended on the specific method used including being reliant on program developer, lacking good Ul,
limitations in tracking usage metrics, difficulties with extracting data, understanding the data or data
format (majority of trialists in our studies noted difficulties with dealing data from the server logs as
these logs can contain hundreds of lines).

The use of tracking methods in web-based interventions is highly important in order to provide objective
usage data (3, 132). The accuracy of tracking methods for collection web usage data was rarely explored
in the 100 sampled studies in the systematic review with only 4 (4.4%) of ninety RCTs reporting about
reliability (86). In the TRACK study this was discussed with ten trialists and seven of those did check on
the accuracy of their methods by conducting a testing phase. In one of the focus groups, trialists
discussed sometimes having discrepancies between usage data obtained from the tracking method and
self-reported data suggesting errors in the data from their methods. Having a testing phase to check the
accuracy is important although findings from the studies suggest that trialists do not necessarily conduct
a testing phase and simply assume that the method will be accurate. The tracking web usage project
aimed to evaluate the reliability and accuracy of the tracking methods to investigate this issue. Findings
from this project suggest that tracking methods can provide reliable data to trialists supporting current
online literature on this topic (52, 236) and can be successfully implemented in health research (2, 3,
110). Some discrepancies noted by trialists might also be due to using previous versions of the tracking
methods as tracking methods are constantly evolving and progressing. Certain tracking methods in the
past had issues potentially influencing complete accuracy, for example the sampling of data in GA which

now can be avoided in GA version 4 (219, 266).
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7.1.4 Usage metrics used

Findings from the 100 studies sampled from the systematic review show that trialists collect and report
web usage data using a wide variety of metrics, most commonly number of logins, number of individual
intervention components (modules, sessions) and time spent on site. The TRACK study had similar
findings, and in the focus group study, time spent on site, logins and pageviews were most commonly
reported. These findings correspond with the most commonly metrics reported in literature (127-129).
The tracking web usage project evaluated seven metrics: logins, timestamps (used to determine time
spent on site), pageviews, IP addresses, clicks, documents downloads and external links. The decision to
include these metrics was to gain deeper insight about the reliability of the methods and to allow for
more complex testing. A combination of more than one usage metric is usually measured to provide a
comprehensive picture on users’ interactions of an intervention website, as such websites usually consist
of numerous elements that can be tracked. This not only allows investigation into the relationship
between various metrics but also gives insight on which components of the intervention are mainly used
and which could be enhanced or improved. The techniques used to evaluate the usage metrics in the

tracking web usage project could also be applied to other usage metrics.

7.1.5 Encouraging usage and engagement with web-based interventions

Intervention usage data are important to demonstrate whether or not the intervention itself is
beneficial, i.e. when evaluating the intervention as part of a causal analysis, rather than just assessing
the effectiveness of the treatment policy using ITT analysis.

If trialists have been able to collect usage data and have demonstrated that usage impacts positively on
outcome, then it is important to encourage usage/engagement for future users to maximise
effectiveness of the intervention. Usage metrics should be reported, regardless of whether the
intervention was found to be effective or was used much by trial participants (132).

However, encouraging usage as part of a trial is also important, because if no-one uses the intervention
in the trial, then it will not be possible to assess the impact of usage on outcomes.

It might be difficult to give specific guidance to all trialists about increasing usage and engagement given

that the clinical issues/settings/needs of participants will vary according to the specific scenario.
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However, the focus groups participants provided their views on the matter, from which general
recommendations on this topic were created.

Several main features of the development and characteristics of the web-based interventions were
noted to impact usage and engagement, with user experience being the most highly ranked feature.
Other important features included testing, human involvement, reminders, interactive content,
targeting the population, tailoring, gamifications and rewards with other features mentioned more
scarcely. Human involvement referred to involving a professional (usually) to have a personal contact
with the participants. Targeting the population was suggested to ensure that the intervention appeals
to the relevant age groups, with features and design of the intervention adjusted according to the
characteristics of the target population. The intervention design should be tailored to participants'
preferences to include information and content relevant for participants. The general consensus was
that web-based interventions need to be user friendly, easy to use and navigate, fit for purpose and
personally relevant.

The next crucial point was the importance of the participants’ perspectives which trialists agreed plays
a massive role. All trialists agreed that is highly important to know participants’ experience and views of
the intervention and whether the intervention influenced their behaviour. The main point noted was to
make sure that participants’ views are taken into consideration to enable meeting their requirements
and expectations. This enhances the value of qualitative data such as obtaining feedback from
participants and supports findings in literature to adopt a person-centred approach (267).

The final point of importance to focus group participants was the blend of technology with web-based
interventions. As web-based interventions are designed to be used via the Internet, on new devices and
to incorporate newly technological features, the role of technology is extremely significant for such
interventions and rapid technology changes impact hugely on such interventions (268). These
interventions need to evolve constantly in order to be used as commonly used devices and Operating
Systems develop continuously and upgrades are frequently introduced (268). Therefore, trialists agreed
that it is advisable to consider current trends in technology to prevent the intervention becoming
obsolete and to keep openness in their design to incorporate changes if needed or if some apps used
become obsolete. Trialists should work with technical personnel to clearly understand what can feasibly
be implemented. Trialists also suggested that the intervention should be easily accessible and

compatible with different devices.
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A few important points relating to technology were noted for careful consideration by trialists when
developing their interventions. Inclusivity was one issue, as the more modern the technology the more
people who do not use that technology may not engage, due to a lack of technological or computer
literacy. Although the intervention may consist of important design features, if the study population is
unaware on how to use them then they are not going to be used as intended or may not even be used
at all. Studies suggests that higher levels of eHealth literacy can be positively related with good health
lifestyle behaviour (269, 270). Therefore, the importance of communication and easy instructions for
users is crucial as well as the importance of a logical well-designed format. Inclusivity also relates to the
socioeconomic impact i.e. less wealthy people may not have access to the required devices. A recent
meta-analysis study found that digital interventions (web-based interventions including mobile apps
interventions and wearables) targeting psychical activity are not equally effective for people of low and
high socioeconomic status (271). This finding strengthens the argument that these interventions are
more effective for wealthier people with higher education. Additionally, if people with low
socioeconomic status use the Internet less for health purposes and have lower computer literacy, this
could influence their usage and engagement with the intervention.

The issue of privacy was also discussed by the trialists. The users of web-based interventions must be
aware of the usage information that is collected from them given the introduction of GDPR. Therefore,
the collection of health information from participants in clinical trials needs to follow regulations about
privacy and security. Whilst GDPR applies to the UK and the countries from the European Union, other

countries may have own legal data regulations that needs to be followed.

7.2 Concluding remarks

This project sought to guide trialists on best practice of collection and use of web-based intervention
usage data to ensure consistent and reliable comparisons to be evaluated across studies. Usage data are
necessary to determine the extent of intervention usage of trial participants and to link the effectiveness
of the web intervention with the actual usage of the intervention. Usage data are most objectively
obtained through the use of tracking methods, and these were explored in depth using qualitative mixed
methods research and via a tracking web usage project. Our findings suggest that the use of these

methods is important for trialists and that methods can be successfully implemented in the context of

211



web-based interventions providing reliable data to trialists. The concept of evaluating usage metrics and
the tracking methods can be relevant for other metrics and other tracking methods. This form of
evaluation is becoming more popular in this field as the number of the web-based interventions is on
the increase. Combining usage data with other metrics and qualitative data leads to more detailed
insight and evaluation of web-based interventions and outcomes. Focus groups were conducted to
explore trialists’ views on how to encourage participants’ usage and engagement with web-based
interventions. The findings from all elements of the thesis were used to develop recommendations for
researchers when evaluating web-based interventions. Trialists are encouraged to focus on the needs of
the participants, their perspectives and potential barriers that may face participants when using a web-
based information. Web-based interventions can be designed to incorporate various features and
designs to enhance interaction and enhance the user experience, including interactive features, human
involvement, reminders and tailoring. Emerging technology should also be considered, considering the

target population, current regulations, and computer and technology literacy.

7.3 Impact of this PhD

Negative effects on public mental health have been observed because of the pandemic COVID-19, with
people needing to adhere to physical distancing, self-isolation, quarantines, and restrictions on
socialising (272). Therefore, there is an increased need for remote interventions, as these interventions
are promising to deliver health care and reduce the negative impact of the pandemic.

A review of SRs demonstrated that there were no previously published reviews of all web-based
intervention studies, providing evidence of the novelty and usefulness of the present SR study. This study
included web-based interventions in all health areas exploring the tracking methods and usage metrics
used. Information was gathered on study characteristics, whether trialists checked on the reliability of
their methods, prescribed “online dose”, included CONSORT flow diagram and CONSORT-EHEALTH
checklist, what instructions were given to participants on how to use the interventions, whether they
reported attrition rates, as well as whether specific adjustment was made for intervention usage for any
outcomes in the analysis.

The mixed methods study and the focus group study helped to provide an overview of tracking methods

that are well-known and used in such interventions. The tracking web usage project then evaluated the
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commonly reported methods identified within these studies in more depth, along with two additional
methods. Evaluation of the tracking methods for these interventions have not (to the best of the
author’s knowledge) been done previously in this field for these purposes. Furthermore, the addition of
methods not identified by trialists enhances the usefulness of this research, by including methods that
may not typically be considered by trialists. Recently, a paper evaluated one of these additional methods,
Matomo (2) in the context of a web-based intervention which suggests that the topic is gaining more
importance. Although other tracking methods exist, evaluating more would not make sense as other
methods utilise essentially the same methods. Trialists in the TRACK project often mentioned their
interest in learning more about the tracking methods available and asked to be sent a summary of
findings from the tracking web usage project. This demonstrated that trialists may benefit from such
evaluation and therefore these findings will contribute to this field of research.

This thesis also explored the usage metrics in such interventions and with the tracking web usage project
a variety of commonly used metrics were included in the testing phase of the reliability of the methods.
Investigating the usage metrics helps to gain more understanding about participants’ interaction with
the intervention. Investigating the metrics also contributes to this field bringing more insight into this
topic.

Recommendations from trialists on the topic of usage and engagement with web-based interventions
were gathered by the focus group project to serve as guidance to other trialists when developing web-
based interventions. This investigation into usage and engagement with web-based interventions across

a variety of health areas in focus groups has not been done previously, to the best of author’s knowledge.

7.4 Future work

This thesis did not include mobile phone applications or social media interventions. This was a conscious
decision because the primary aim was to determine the frequency with which trialists monitored web
usage. Future work could include assessing these interventions.

Changes can be suggested to the current CONSORT-EHEALTH checklist version 1.6.1 based on the
findings from the studies. In addition to the usage metrics reported it can be suggested that trialists also

include the tracking method used for obtaining usage data and report whether a testing phase was
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completed to check on accuracy of their data. Future work will include contacting the authors of the
CONSORT-EHEALTH checklist to propose these suggestions.

There was a great interest from trialists to learn more about the tracking methods available so further
work could include publishing the findings from the tracking web usage project and the TRACK study.
Recommendations from trialists on the topic of usage and engagement from the focus group study may
also be beneficial to other trialists. Therefore, due to the novelty and usefulness of the gathered findings
and recommendations from the studies, the author would like to disseminate those to the wider trial

community further via publication and conference presentations.
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Appendix 2: Data extraction form systematic review

Review of RCT literature to analyse web usage data

ID First author
First year
Design Superiority  Equivalence  Non-inferiority

Other design features

Other
Clinical Area
Blinding
Not stated
None
Single
Double

If any blinding, specify who was blinded

Patient
Clinician
Assessor

Other
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Trial online intervention

Internet (Web-based)

Social media

Mobile / Apps

Internet plus additional element

Other

Classify control arms

What was the control intervention?

Internet intervention

Non- Internet intervention
Waiting group

No intervention

Other

Were any online intervention changes reported?

If yes, indicate whether these changes were protocol departures/according to protocol

No

Yes:

Online Intervention switches to alternative arm
Online Intervention switches to non- online intervention

Online Intervention prematurely terminated

Other
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CONSORT flow diagram

No

Yes: The flow of patients in CONSORT flow diagram

If yes, did they use e-CONSORT guidelines

No

Yes

Did trialists attempts to measure whether participants used online intervention?

If yes, which method they were using?

No

Yes: GA diagnostic
Software Tools
Server log data

Other

Did trialists make any attempt to check on reliability of methods used to record web usage data?

No

Yes
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How the participants were told to use the intervention?

Not stated

Face-to-face instructions only
Email instructions only
Online/website information
Combined instructions

Other

What was the prescribed online dose?

Unspecified
Specified

Other

If specified, what was the prescribed dose?

Methods of analysis stated in the methods

Indicate which was the primary analysis, and which method was used for efficacy and safety data (if
specified).

ITT
PP
ITT and other analysis

Other
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Was any specific adjustment made for intervention engagement and/or non-compliance for any
outcomes in the analysis?

No

Yes

If yes, indicate

method of adjustment

whether adjusted analysis was for primary or secondary outcome

whether adjusted analysis was for efficacy or safety outcome

type of outcome that was included in adjusted analysis (e.g. binary, continuous, time to event)

whether adjustment altered the conclusions of the analysis

Did they report rate of missing primary outcome data?

If yes, specify rates of missing data (missing primary outcomes data)

No

Yes
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Appendix 3: Survey questions TRACK study

TRACK survey

Introduction

Many thanks for agreeing to help us with the TRACK study.

The TRACK study aims to explore trialists’ experiences in the implementation and data obtained of
tracking methods implemented in web-based interventions.

We would like to gather in-depth information about trialists’ experience of using tracking methods
including: the reasons for choosing a particular method; ease of implementation and use; and the costs
associated with the tracking methods.

Providing such insight into tracking methods would be beneficial for other trialists when deciding
which tracking method would be the most appropriate to use for tracking participants’ engagement
with web-based interventions.

Findings from the TRACK study will be a part of a PhD thesis. These findings may be written up for

publication in an open access, peer-review journal and may be presented at relevant medical

conferences.
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Participation consent

| give my consent to participate in the survey and | confirm that | have read and understood
the information sheet (version 1.0 01/07/2020) for the study.

| understand that my participation is voluntary and that | am free to withdraw from the TRACK
Study at any time, without giving a reason.

| understand that brief quotations from some open-ended responses may be included in study
reports. | understand that nobody will be able to identify me in these reports or papers.

| agree to data from my survey being stored at the University of Liverpool for 10 years

after the end of this study for checking purposes. | understand that these will be stored
securely in compliance with the Data Protection Act 2018.

Do you agree with the statements below?

~ lagree

~ ldo notagree

| would like... Optional

~ To receive a summary of the findings at the end of the study

— To be contacted about any future related studies

Please enter your email address
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General Demographic Questions

Please specify your country of residence (country of residence while being involved in the
study):

What is your job role (your job role while being involved in the study)?

~ Trial manager

~ IT personnel

~ Chiefinvestigator
" Other

If you selected other, please specify:
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Reasons for choosing the tracking method

Did you undertake any research into which tracking method would be most suitable for your
project?

- Yes
 No

What type of research did you undertake?

[ lresearched the tracking method online
| consulted other trialists who have experience using the tracking method
[ Other

If you selected Other, please specify:

What tracking method/s have you used to track patients’ web usage (to track patients’
engagement with the intervention)?

I~ Google Analytics / Universal Analytics

I~ Serverlogs

[~ Matomo

I Open Web Analytics

I~ Snowplow

I Amplitude

I~ Other

If you selected Other, please specify:
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If you selected more than one method please indicate the first tracking method for which you
will answer the questions.

Was this the first time you used this tracking method?

~ Yes
ts. NO

What was the reason/s for choosing this tracking method?

[~ This method was recommended to me
[~ 1did online research for this method and the reviews were excellent
[~ It was free to use this tracking method

I~ Data storage capabilities of the method (for example, data stored for unlimited
time)

[~ Other

If you selected Other, please specify:

Did you consider using other tracking method?

T Yes
-~ No

Please specify which and tell us why you did not use this tracking method
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Implementation of the tracking method

Who was responsible for implementing the tracking method?

 Me

 Someone else

Please tell us how was responsible
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Ease of implementation of the tracking method

What was the most challenging part of the implementation? (please elaborate)

Did you include a testing phase to check whether web usage was tracked appropriately?

= Yes
~ No

What type of testing was performed?

“ Internal only testing
~ As part of a pilot

~ Internal and pilot

Is there anything else you wish to share about issues picked up in the testing phase?

Can you please explain why not?
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Overall use of the tracking method

What were the advantages of using the tracking method?

What were the disadvantages of using the tracking method?

What usage metrics did you record? (select all that apply)

I~ Number of logins
[~ Time spent on site

I~ Page views

[~ External links clicked

[~ Page content viewed

[~ Device used

I~ Browser type

I~ Video views

I~ Duration of videos watched
I~ Modules completed

[~ Other

If you selected Other, please specify:
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What were the data storage capabilities of the tracking method? (for how long data could
have been stored using this method)

 Data were stored for unlimited time

-~ Data were stored for a certain duration

Please specify duration

¢ <6 months
" 6-12 months
¢ 1-2 years
¢ 2-5years
" 5-10 years

« >10years

What tools did you use to analyse the data?

r R

[~ SAS

I Stata

I~ Bespoke code
I~ Other

If you selected Other, please specify:

Did you use any libraries to assist with the analysis of these data?

= Yes
[;. NO
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Please specify which libraries

Were there any features that you would have liked to see in the tracking method used?

Is there anything that you wished you had known about the tracking method before
implementation?

Would you use the same tracking method again if appropriate?

~ Yes
ts. NO

Can you explain why would you use this tracking method again?

Can you explain why would you not use this tracking method again?
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Would you recommend using the tracking method to other trialists?

~ Yes
ts. NO

Please explain why you would recommend this method

Please explain why you would not recommend this method
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Costs associated with the tracking method

Did you pay for the tracking method? (were any costs associated with the method i.e cost of
using the tracking method, cost with implementing the tracking method, training costs, etc)

= Yes
L. % NO
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Type of software used

What type of software did you use?

¢ Commercial
(* Open source

(" Bespoke
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Costs associated with the tracking method (commercial software)

Did the cost of the tracking method influence your decision to use this method?

~ Yes
~ No

Please indicate approximate cost of the tracking method

Were costs incurred to cover training for the implementation including time for self-learning?

= Yes
~ No

Please indicate approximate cost

Were costs incurred for data extraction training including time for self-learning?

= Yes
~ No

Please indicate approximate cost
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Did you pay for the implementation?

~ Yes
[;. NO

Please indicate approximate cost

Were there any additional costs associated with maintenance (i.e. to make changes as the
study progressed)?

T Yes
~ No

Please indicate approximate cost

Were there any additional costs with the tracking method?

~ Yes
~ No

Please indicate approximate cost
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Would you recommend paying for a tracking method?

T Yes
~ No

Do you have any additional comments about the tracking method and your experience with
it? Optional
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Costs associated with the tracking method (open source software)

Did the cost of the tracking method influence your decision to use this method?

~ Yes
~ No

Please indicate approximate cost of the tracking method

Were costs incurred to train or learn how to configure and implement the tracking method?

= Yes
~ No

Please indicate approximate cost

Were costs incurred associated with self-learning to extract data?

= Yes
~ No

Please indicate approximate cost
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Did you pay for the implementation?

~ Yes
[;. NO

Please indicate approximate cost

Were there any additional costs associated with maintenance (i.e. updates to deal with bugs,
feature enhancements)?

T Yes
~ No

Please indicate approximate cost

Were there any additional costs with the tracking method?

~ Yes
~ No

Please indicate approximate cost
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Would you recommend paying for a tracking method?

T Yes
~ No

Do you have any additional comments about the tracking method and your experience with
it? Optional
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Costs associated with the tracking method (bespoke software)

Did the cost of the tracking method influence your decision to use this method?

~ Yes
~ No

What was the cost of developing the software?

Were there any costs associated with maintenance?

= Yes
~ No

Please indicate approximate cost

Were there any additional costs with the tracking method (i.e. if the developer moved on and
needed to be replaced, any training costs, cost to buy a book for training, extra time to read
and investigate when developing the code?

T Yes
— No

Please indicate approximate cost
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Would you recommend paying for a tracking method?

T Yes
~ No

Do you have any additional comments about the tracking method and your experience with
it? Optional
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No costs associated with the tracking method

Do you think that using a free method was the best option or would an investment in a
tracking method would have brought better results?

(" Using a free tracking method was the best option

¢ Paying for a tracking method would have potentially brought better results

 Unsure

Do you have any additional comments about the tracking method and your experience with
it? Optional
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Multiple methods

Did you select using second tracking method?

= Yes
L. % NO

If “Yes” participants were directed to answer same questions for additional methods.
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Final page

Thank you for submitting your responses!
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Appendix 4: Interview topic guide TRACK study

Interview Topic Guide

(Draft- this topic guide will be developed iteratively during the study)

Please note: Italic text indicates instruction for the PhD student and will not be read to

participant

Intro: My name is [PhD student name] and | am a PhD student at the University of
Liverpool. Many thanks for agreeing to help us with the TRACK study.

Before we begin the interview | need to obtain your consent for the study is that ok?
(Refer to instructions (in box) on the Participant Consent form including consent for
audio/video recording of this discussion).

- Obtain consent here

You can stop the interview at any time. Before we start do you have any questions?

Have you had chance to look at the draft participant information sheet | sent to you for
the TRACK study? (If no- read through sheet with trialist)

Section 1: General Demographic Questions

1.1 Before we start | would like to ask you a few demographic questions. Can you
please specify your country of residence while being involved in the study?

1.2 Can you tell me your job role while being involved in the study?

Section:2 Reasons for choosing the tracking method

2.1 I've read your publication and | know that you tracked web usage in web-
based intervention as part of a RCT.
If they stated tracking method: You stated that you used [tracking method
stated in publication] is that right?
If they didn’t state tracking method: What tracking method/s have you used to
track patients’ web usage?

2.2 Did you undertake any research into which tracking method would be most

suitable for your project? (Explore if they did online search on reviews of the
tracking method, literature review or consulted someone for an opinion)
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2.3 Could you tell me why you/trial team decided on this tracking method, was
there any particular reason?

2.4 Had you used this tracking method before this trial or was this your first
experience of using it? (Explore details of all tracking methods used and for
what purpose.)

2.5 Did you consider using any other tracking method? (Explore why others were
not used, mention other tracking methods)

Section 3: Ease of implementation of the tracking method

3.1 Who was responsible for implementing the tracking method?

3.2 What was the most challenging part of the implementation?

3.3 Did you include a testing phase to check whether web usage was tracked
appropriately?

If yes: Could you tell me a bit more, how did you check if web usage was
tracked accurately? (Prompt, how did you check the reliability of the tracking
method used?)

If not: Can you please explain why not?

Section 4: Overall use of the tracking method

4.1 What were the advantages and disadvantages of using the tracking method?

4.2 What usage metrics did you record? (Prompt, did you record the number of
logins, time spent on site, page views, external links clicked, page content
viewed, device used, browser type, video views, duration of videos watched,
modules completed etc.)

4.3 What were the data storage capabilities of the tracking method? (Prompt, was
data stored for a limited or unlimited time and did the data storage capabilities
of the method influenced the decision to choose this tracking method)

4.4 What tools did you use to analyse the data (e.g. R, SAS, Stata, Bespoke
code)?

4.5 Did you use any libraries to assist with the analysis of these data?

4.6 Were there any features that you would have liked to see in the tracking
method used?

4.7 Is there anything that you wished you had known about the tracking method
before implementation?

4.8 Would you use the same tracking method again if appropriate?

4.9 Would you recommend using the tracking method to other trialists?

Section 5: Costs associated with the tracking method
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5.1

Did you pay for the tracking method?

(If mentioned earlier say “You mentioned you paid for the tracking method”
and ask the question below)

5.2

If paid: Did the cost of the tracking method influence your decision to use this
method?

5.3

If paid (commercial): Were costs incurred to cover training for the
implementation including time for self-learning?

Were costs incurred for data extraction training including time for self-learning?
Did you pay for the implementation?

Were there any additional costs associated with maintenance (i.e. to make
changes as the study progressed)?

Were there any additional costs with the tracking method?

(Prompt, explore costs associated with the tracking method)

5.4

If paid (open source): Were costs incurred to train or learn how to configure
and implement the tracking method?

Were costs incurred associated with self-learning to extract data?

Were there any additional costs associated with maintenance (i.e. updates to
deal with bugs, feature enhancements)?

Were there any additional costs with the tracking method?

(Prompt, explore costs associated with the tracking method)

5.5

If paid (bespoke): What was the cost of developing the software?
Were there any costs associated with maintenance?

Were there any additional costs with the tracking method (i.e. if the developer
moved on and needed to be replaced?

(Prompt, explore costs associated with the tracking method)

5.6

If paid: Would you recommend paying for a tracking method?

If not paid: Do you think that using a free tracking method was the best option
or would an investment in a tracking method would have brought better
results?

5.7

Do you have any additional comments about the tracking method and your
experience with it?

| have no more questions
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Appendix 5: Invitation letter TRACK study

Invitation email 1

Dear [corresponding author title and name],

My name is Elena and | am a PhD researcher at the University of Liverpool. Web usage data
in clinical trials are the focus of my PhD and | am currently conducting a study titled
“Investigating trial teams’ experiences of using tracking methods for web-based
interventions”.

As stated in your published study [title of the study], you tracked web usage in a web-based
intervention as part of a randomised controlled trial. As a corresponding author | am
contacting you to enquire if you were involved in tracking web usage in the trial, and if so, |
would like to invite you to take part in an interview to discuss your views and experiences.
Interviews will last approximately 30-60 minutes and can be conducted on a web-based
platform (e.g Microsoft teams or Zoom) or over the telephone. Attached is the Study
Participant Information Sheet.

If you were not involved in the web usage tracking | would be grateful if you can let me
know of the name and contact details of the trialist/s involved so | can invite them to take
part in the study.

If you have any questions please do not hesitate to contact me.

Thank you for reading this email,

Best wishes,

Elena Koneska
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Invitation email 2

Dear [member of the trial title and name)],

My name is Elena and | am a PhD researcher at the University of Liverpool. Web usage data
in clinical trials are the focus of my PhD and | am currently conducting a study titled
“Investigating trial teams’ experiences of using tracking methods for web-based
interventions”.

[name of the corresponding author in the study] recommended to contact you as you were a
key person involved in tracking web usage in [name of study].

We would like to invite you to take part in an interview to discuss your views and
experiences. Interviews will last approximately 30-60 minutes and can be conducted on a
web-based platform (e.g Microsoft teams or Zoom) or over the telephone. Attached is the
Study Participant Information Sheet.

If you have any questions please do not hesitate to contact me.

Thank you for reading this email,

Best wishes,

Elena Koneska
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Appendix 6: Participant Information Sheet TRACK study

TRACK
The TRACK study STUDY

Participant Information Sheet

You are being invited to take part in a research study. Please ask us if there is anything that
is not clear in this information sheet or if you would like more information (contact details

overleaf).

When a trial participant visits and navigates on a clinical trial website which involves a web-
based intervention, they may perform different interactions, such as viewing modules or
videos, completing assignments or tasks, downloading documents or accessing subpages.
These interactions can be tracked using different methods, providing valuable information to
the trialists about the trial participants’ engagement with the web-based intervention. This
information on engagement is crucial to determine how web usage impacts on the

participants’ trial outcome.

Why have | been chosen?

It is my understanding that you have tracked participant interaction with a web-based
intervention as part of a randomized controlled trial. As such, your views are very important

to us.

We would like about 25 trialists to take part in an interview. We would be very grateful if you
agreed to be one of them. The option of completing an online survey is available for those

unable to take part in an interview.
What the interview and survey will cover?

The interview and the survey will cover:

o The reasons for choosing a particular tracking method, what influenced this decision,
and how it was decided

270



o The implementation process of the tracking methods, including your views on the
ease of the process

o The general use of the tracking method, including any features that enhanced the
user experience or presented a problem for users

o The costs associated with the use of the tracking method

What will happen if | take part?

The interview can take place online (e.g. via Microsoft Teams or Zoom) or via telephone,
whichever you prefer. The online interview will take about 30-60 minutes and will be
conducted by Elena Koneska as part of her PhD research. With your permission we will
audio/video record the interview. If you would prefer to take part in an online survey, a direct

link to the survey will be sent via email.

What are the possible benefits and risks of taking part?

There are no anticipated risks with this study and it will not involve discussion of any personal
or sensitive information. We cannot promise that you will benefit directly from this study, but
many people find that taking part in studies of this sort is useful because they have a chance

to air their views and to reflect on their work.

Should you want to discuss any aspect of the study, please contact Elena Koneska (details

below).

Findings will form part of a PhD thesis. Recommendations based on study findings will aim to

inform the future use of tracking methods.

What will happen with the data?

Data will be stored securely in compliance with the Data Protection Act 2018.

What will happen if | withdraw from the study?

You can withdraw from the study at any time, without giving a reason. You can choose to
withdraw fully from the study, meaning there would be no further contact and all data

collected up to that point would be removed from the study, or you can choose to withdraw
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from further contact but allow us to retain and analyse all data collected up to that point.

Who is involved in this study?

Elena Koneska, a PhD student at the University of Liverpool is leading the study. She is
supervised by Dr Susanna Dodd, Dr Duncan Appelbe (University of Oxford), Dr Kerry Woolfall,

and Prof Paula Williamson.

What if there is a problem?

Any complaint about the conduct of this study, the way you have been dealt with during the
study or any possible harm you might suffer will be addressed. If you have a concern about
any aspect of this study, then please contact Elena Koneska who will do her best to resolve

the issue (see contact details below).

How to contact us

If you have any questions, please contact: Elena Koneska: Elena.Koneska@liverpool.ac.uk or

Dr Susanna Dodd: shinds@liverpool.ac.uk.

Thank you for your time.

We are very grateful that you are considering taking part in this study.
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Appendix 7: Reminder letter TRACK study

Follow up email

Dear [corresponding author title and name],

My name is Elena and | am a PhD researcher at the University of Liverpool. Web usage data
in clinical trials are the focus of my PhD and | am currently conducting a study titled
“Investigating trial teams’ experiences of using tracking methods for web-based
interventions”.

As stated in your published study [title of the study], you tracked web usage in a web-based
intervention as part of a randomised controlled trial. As a corresponding author we
contacted you to enquire if you were involved in tracking web usage in the trial, and if so, to
invite you to take part in an interview to discuss your views and experiences. Interviews will
last approximately 30-60 minutes and can be on a web-based platform (e.g Microsoft teams
or Zoom) or over the telephone. Attached is the Study Participant Information Sheet.

We would still like to invite you to participate in the interview. If you are not able to take
part in the interview we would like to invite you to our online survey

https://liverpool.onlinesurveys.ac.uk/track-survey

The online survey should take 10-15 minutes to complete.

If you have any questions please do not hesitate to contact me.

Thank you for reading this email,

Best wishes,

Elena Koneska
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Appendix 8: Participant Consent Form Interviews TRACK study

Elena Koneska
University of Liverpool
Block F, Waterhouse Building
Liverpool, L69 3GL
Email: Elena.Koneska@liverpool.ac.uk
TRACK Study Participant Consent Form

For the online interview the following would be explained to the participant: | will read 8 statements to you in order
to obtain your consent for the study. Please answer yes or no to each statement. | will then complete the form and
send you a copy for your records. Is that ok? (Researcher tick (v') AND initial when trialist say yes; if they do not
agree leave blank).

Is it ok with you if | audio/video record this consent taking for our records? If yes continue. If no, explain that we will
not be able to proceed with the interview without recorded consent. (Thank the trialist for their time — interview end)

No. Statement Tick | Initial
| confirm that | have read and understood the information sheet (version 1.0 dated
1. 01/07/2020) for the above study. | have had the opportunity to consider the information, ask

questions and have these answered satisfactorily.

| agree to take part in an interview.

| agree to the interview being audio/video recorded.

I understand that my participation is voluntary and that | am free to withdraw from the TRACK
Study at any time, without giving a reason.

| understand that brief quotations from some open-ended responses may be included in study
5. reports.
| understand that nobody will be able to identify me in these reports or papers.

| agree to data from my interview being stored at the University of Liverpool for 10 years after
6. the end of this study for checking purposes. | understand that these will be stored securely in
compliance with the Data Protection Act 2018.

I would like to receive a summary of the findings at the end of the study.(optional)

| would like to be contacted about any future related studies.(optional)

Contact details (only needed if you have ticked and initialled statements 7 and/or 8)

Telephone number:

Email address:

Participant Full Name: Today’s Date:

To be completed by Researcher once the trialist representative has provided consent:

Researcher Full Name: Researcher Signature: Today’s Date:

When completed, 1 (original) to be kept on record at the University of Liverpool, 1 copy to be sent to the participant after the interview
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Appendix 9: Invitation emails focus group study

Invitation email 1

Dear [corresponding author title and name],

Thank you for participating in the TRACK study. As you expressed interest in potential future
related studies | would like to invite you to take part in a focus group. The aim of the focus
group is to explore your views and experience about usage and engagement with web-
based interventions, determining engagement and how to encourage participants to engage
with the intervention.

The focus group meeting will last approximately 60 minutes and will be conducted on a
web-based platform (Zoom or Teams).

Explanation of the term “engagement” in reference to “adherence”. When referring to web-
based interventions in particular there might not be a “prescribed dose” of intervention to
which trial participants are randomised —i.e. the degree of use of the web-based
intervention that they chose to engage with may well be optional. Because not all web-
based interventions have a prescribed dose/threshold to which participants are expected to
adhere, the term “adherence” may not be relevant. Therefore, we prefer to use the term
“engagement” to measure the degree to which trial participants used the intervention.

If you have any questions please do not hesitate to contact me.
Thank you for reading this email,
Best wishes,

Elena Koneska
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Invitation email 2

Dear [corresponding author title and name],

My name is Elena and | am a PhD researcher at the University of Liverpool. Web usage data
in clinical trials are the focus of my PhD and | am currently conducting a study titled
“Investigating measuring and encouraging usage of and engagement with web-based
interventions: A focus group study”.

As stated in your published study [title of the study], you tracked web usage in a web-based
intervention as part of a randomised controlled trial. As a corresponding author | am
contacting you to enquire if you were involved in tracking web usage in the trial, and if so, |
would like to invite you to take part in a focus group. The aim of the focus group is to
explore your views and experience about usage and engagement with web-based
interventions, determining engagement and how to encourage participants to engage with
the intervention.

The focus group meeting will last approximately 60 minutes and will be conducted on a
web-based platform (Zoom or Teams).

Explanation of the term “engagement” in reference to “adherence”. When referring to web-
based interventions in particular there might not be a “prescribed dose” of intervention to
which trial participants are randomised —i.e. the degree of use of the web-based
intervention that they chose to engage with may well be optional. Because not all web-
based interventions have a prescribed dose/threshold to which participants are expected to
adhere, the term “adherence” may not be relevant. Therefore, we prefer to use the term
“engagement” to measure the degree to which trial participants used the intervention.

If you have any questions please do not hesitate to contact me.
Thank you for reading this email,
Best wishes,

Elena Koneska
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Appendix 10: Consent form focus group study

Elena Koneska
University of Liverpool
Block F, Waterhouse Building
Liverpool, L69 3GL
Email: Elena.Koneska@liverpool.ac.uk
Focus Group Participant Consent Form

Please read each statement and tick (v') AND your initials if you agree. If you don’t agree please leave blank.

No. Statement Tick | Initial

| agree to take part in a focus group.

| agree the focus group meeting to be video recorded.

3.| l understand that my participation is voluntary and that | am free to withdraw from the focus
group at any time, without giving a reason.

I understand that brief quotations from some open-ended responses may be included in study

4. reports.
I understand that nobody will be able to identify me in these reports or papers.
5 | agree to data from the focus group meeting being stored at the University of Liverpool for 10
‘| years after the end of this study for checking purposes. | understand that these will be stored
securely in compliance with the Data Protection Act 2018.
6.

I would like to receive a summary of the findings at the end of the study.(optional)

Contact details (only needed if you have ticked and initialled statement 6)

Telephone number:

Email address:

Participant Full Name: Today’s Date:

To be completed by Researcher once the trialist representative has provided consent:

Researcher Full Name: Researcher Signature: Today’s Date:

When completed, 1 (original) to be kept on record at the University of Liverpool, 1 copy to be sent to the participant after the interview
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Appendix 11: Focus group topic guide

Topic guide focus group

(Researcher introduction) The aim of this focus group is to explore your views and experience
about engagement with web-based interventions, determining engagement and how to
encourage participants to engage with the intervention. We would also appreciate your views
on recommendations and guidance for other researchers with regards to measuring and
encouraging engagement with web-based interventions.

You have all provided consent for today’s focus group and with your consent we will video
record today’s meeting. The recording will be transcribed and anonymised with all names and
participant details removed. You can leave the meeting at any time.

Does anyone have any questions before we start?

Questions:

1. How did you measure participant engagement with the web-based intervention?
(Prompt, explore all usage metrics used to determine engagement.)

2. If you have run a study using a web-based intervention what information on metrics
do you wish that you had had before starting?

3. At the design stage of the web-based intervention would it have been useful to have
had an understanding of the metrics that can be collected? (Prompt, would have been
helpful if you have known in advance which metrics can be collected?)

4. What is the effect of the design (or features) of the web-based intervention on usage
and engagement? (Prompt, were there certain interactive features in particular that
helped you to increase participant engagement with the web-based intervention?)

5. Was there anything you wish you had known before starting your study with regards
to participant usage and engagement with the web-based intervention? (Prompt, was
there anything that would have been helpful to know in order to encourage
participants to engage more with the web-based intervention? Was there anything
that would have made determining engagement more straightforward?)

6. What are the most valuable lessons you have learned with regards to participant
usage and engagement with web-based interventions? (Prompt, what have you taken
as a valuable experience with participant engagement that can be used for future web-
based interventions?)

7. What would you suggest researchers should do if participant engagement with a web-
based intervention is low? (Prompt, have you had an experience of low participant
engagement with a web-based intervention and what would you recommend to avoid
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low engagement?) Follow up question “What in your opinion makes participants want
to engage the most”?

Proposed recommendations

In the workshop, draft recommendations will be introduced by the researcher and
interviewees will be asked: ‘Do you have any initial comments or concerns about this
recommendation? From your experience, what would need to be done to make it work? A
follow up prompt would be: ‘If this would not work, why not —and what would’?

The following recommendations would be presented to the interviewees.

1. Measures of engagement can vary per web-based interventions and therefore
investigators are recommended to carefully determine the type of usage metrics used
to calculate engagement. For example, the measures of engagement should correlate
to patterns and features of engagement initially assumed to benefit participants.®

2. Toincrease engagement by carefully designing the web-based interventions to include
interactive and unique features (for example, option to contact health professional
directly, motivators etc). Feedback from participants from previous trials to be taken
on board in the design of the web-based interventions.

3. Current trends in technology should be explored and considered. To understand what
people use currently that can be useful to implement to engage participants with web-
based interventions. For example, to use current modern messengers such as
WhatsApp or Viber for communication or reminders if suitable.

8 Dodd et al, “A framework for the design, conduct and interpretation of randomised controlled trials in the presence of
treatment changes”, 2017
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