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Abstract

Background: Technology-based aids for lifestyle change are becoming more prevalent for chronic conditions.
Important “digital divides” remain, as well as concerns about privacy, data security, and lack of motivation.
Researchers need a way to characterize participants’ readiness to use health technologies. To address this need, we
created an instrument to measure patient readiness to engage with health technologies among adult patients with
chronic conditions.

Methods: Initial focus groups to determine domains, followed by item development and refinement, and
exploratory factor analysis to determine final items and factor structure. The development sample included 200
patients with chronic conditions from 6 family medicine clinics. From 98 potential items, 53 best candidate items
were examined using exploratory factor analysis. Pearson’s Correlation for Test/Retest reliability at 3 months.

Results: The final instrument had 28 items that sorted into 8 factors with associated Cronbach’s alpha: 1) Health
Information Need (0.84), 2) Computer/Internet Experience (0.87), 3) Computer Anxiety (0.82), 4) Preferred Mode of
Interaction (0.73), 5) Relationship with Doctor (0.65), 6) Cell Phone Expertise (0.75), 7) Internet Privacy (0.71), and 8)
No News is Good News (0.57). Test-retest reliability for the 8 subscales ranged from (0.60 to 0.85).

Conclusion: The Patient Readiness to Engage in Health Internet Technology (PRE-HIT) instrument has good
psychometric properties and will be an aid to researchers investigating technology-based health interventions.
Future work will examine predictive validity.

Keywords: Quantitative methods, Measurement issues/instrument development, Information management/informatics,
Chronic care
Background
Consumers are turning more to the internet for health in-
formation [1]. Online and mobile health interventions to
aid lifestyle change and chronic condition self-management
are proliferating [2-4]. However, important “digital divides”
such as age, education, and rural residence still exist and
may limit consumer use of these tools [5]. Concerns about
data security, privacy, and lack of motivation may also limit
use [6]. Researchers and developers of online and mobile
tools may want to assess not only the skills of prospective
target patient populations, but also their motivations and
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concerns, which can be encapsulated in the term “readi-
ness”. Researchers would benefit from an instrument that
characterized their research participants’ likelihood of using
these technology applications.
There has been previous instrument development in this

area. Norman and Skinner developed a 10-item scale, the
eHealth Literacy Scale (eHEALS), to measure the eHealth
literacy concept. The scale prompts participants to evaluate
their own abilities to search for, use, and evaluate health
resources on the internet [7,8]. Although this was an im-
portant first attempt to measure the concept of eHealth
Literacy, it has several limitations. First, the researchers de-
veloped the scale with a youthful sample ranging in age
from 13 to 21 years. No data exist on its performance in
older adults, which is an important limitation, considering
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that internet and computer skills will likely differ between
these two populations. Additionally, a Dutch version of the
eHEALS failed to predict internet health use [9]. Lastly, an
instrument that goes beyond literacy to measure readiness
may be more useful to researchers.
Self-management is an important component of chronic

disease management and it is thought that interactive on-
line interventions might engage and support patients to
better self-manage [10]. But these tools can only help if pa-
tients are ready to use them. Therefore, we developed an
instrument designed to go beyond basic eHealth Literacy
and computer skills to measure a readiness to use internet
resources to access health information. Unlike the eHEALS,
we included concepts such as information needs, motiva-
tions, privacy concerns, and preferred source of informa-
tion. Also, we particularly focused on patients with chronic
conditions as they tend to be older, a factor associated with
decreased internet use [5]. Focusing on those with chronic
conditions is important because many of the health infor-
mation technology interventions are being developed for
people with chronic conditions.

Methods
Table 1 provides an overview of the multiple and iterative
methods used in our instrument development process,
and the sample size used for each step.

Identifying domains
To create candidate items, we first sought to understand
to the relevant domains. To do this, we conducted four
focus groups with 16 patients with the chronic conditions
of diabetes, hypertension, heart failure, or coronary artery
disease. Separate focus groups with 2–6 participants each
were run for self-identified internet users and non-users as
it was hypothesized that their issues with technology use
would be different. Focus group participants were asked
where they got information about their health, internet
use, concerns about using the internet for health, infor-
mation and communication preferences, and past experi-
ences. Focus groups were audio recorded and transcribed
by an experienced qualitative transcriptionist. Transcripts
Table 1 Instrument development activities

Activity Participants Items

4 Focus groups to identify domains 16 —

Literature review of existing scales — —

Initial item writing based on domains — 98

Choosing best items based on best practices — 53

Feasibility testing/cognitive interviewing 21 53

Instrument development sample 200 53

Test-retest reliability 45 53

Final instrument — 28
were analyzed using grounded theory methodology with
investigator consensus on codes and themes, assisted by
NVivo 8.0 software. Investigators were RJK a family phys-
ician clinical researcher, SMC an MPH experienced in
qualitative methods, and JAS a medical student trained by
the team in focus group and qualitative methods. All three
participated in focus group facilitation and field note re-
cording. RJK and SMC conducted analysis of the focus
group data. Both independently coded the transcripts, and
then met to agree on codes. Major themes emerged, which
then informed the item-writing to capture that domain.
Some items were near direct quotes from participants.

Creating candidate items
Once relevant domains were identified from the focus
group themes, we searched the literature for instruments
addressing these domains. We identified instruments that
addressed internet use [11], internet use for health pur-
poses [12,13], computer and internet anxiety [14], com-
puter and internet abilities [15-18], attitudes and beliefs
about the internet [14,19-21], risk perception [22-28], inter-
net security and privacy [6], health literacy [7,29-32], mo-
tivation [33,34], and media literacy [7]. While items were
not culled from these instruments, reviewing them allowed
us to examine different approaches to relevant domains
and aided in our overall task of item writing. Item writing
was also informed by the focus group themes, including
some items that were near direct quotes of participants.
Items were written only in the English language.
Of 98 candidate items, we selected the 53 best items,

eliminating those that were double-barreled, lengthy,
or had large words or complex sentence structure, while
maintaining coverage of our identified domains. We
avoided jargon, value-laden words, negatively worded
questions and negative prefixes, all of which can decrease
an item’s validity coefficient [35,36]. We also ensured that
every question could be meaningfully answered by both
internet users and non-users. Questions are also not spe-
cific for any disease and more generally reference “health”.
These 53 items made up our candidate item questionnaire.
We used a 4-point Likert scale for all items with anchors
Strongly Disagree, Disagree, Agree, and Strongly Agree
[37]. Items which conceptually might be negatively as-
sociated with health information technology use were
mixed in with positively associated items to decrease rote
responding; these were then scored in reverse order [38].
To ensure that respondents interpreted questions as

intended, we administered the 53-item questionnaire to 21
participants in person. We used cognitive interviewing
during questionnaire completion, asking them to verbalize
their interpretation of the questions as well as the thoughts
that led to their answers [35]. The questionnaire was itera-
tively refined until participants no longer expressed any
ambiguity about the meaning of items. During this process
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a 4-point Likert scale with questions framed as hypothet-
ical scenarios (e.g. If I went on the internet, I would find it
frustrating.) was preferable to a 5-point Likert that in-
cluded a neutral response option. The cognitive interview-
ing process revealed that participants used the neutral
option as a catch-all. The 53-item questionnaire was then
administered to 200 additional participants. Information
about age, general health status (self-rated), highest level
of education, and race/ethnicity was also collected from
each participant. Five questionnaires that had more than
five skipped questions were omitted for a final develop-
ment set sample size of 195.

Sample
All participants for each phase of the instrument develop-
ment were patients age 18 years and older with the
chronic conditions of diabetes, hypertension, heart disease,
or heart failure. Patients were all ambulatory patients at-
tending one of 6 family medicine clinics of the Department
of Family and Community Medicine at the University of
Missouri. Patients were recruited from the waiting room
of the clinic, and were asked to answer a screening ques-
tionnaire that ascertained if they had a chronic condition.
The researcher made efforts to approach every person in
the waiting room and made no assumptions about eligibil-
ity or experience using internet/computers. We limited
participants to those who primarily speak English. The
same recruitment method was used for both the focus
groups and questionnaire completion. The University of
Missouri Health Sciences Institutional Review Board ap-
proved all phases of this study.
Given the multiplicity of analyses employed in the de-

velopment of a new instrument it is difficult to derive a
priori sample size estimates. We approached the sample
size issue by estimating the sample required for an ex-
ploratory factor analysis (EFA). As a starting point, we
posited that the propensity to use health information
technology is composed of the five factors Capability,
Access, Motivation/Risk Perception, Information Needs,
and Privacy/Trust. We further conjectured an initial
screening step would reduce the number of candidate
items to between 40 and 50. We also made the worst-
case assumption that items comprising these five factors
would exhibit weak communalities (percent of variance
in the observed items explained by the factor model).
Under these assumptions, guidelines indicate that a
minimum sample size of 130 subjects would be suffi-
cient for the factor analysis [39]. To allow for possibility
of retaining fewer items or deriving more factors the
sample size was inflated to 200 subjects.

Factor analysis
The first quantitative analysis was to examine item re-
sponse frequencies for the 53 items in the development
sample. Items with insufficient variation across response
options were considered for deletion. Such items do not
discriminate between different levels of the trait they are
intended to measure. After item culling we conducted
an EFA to determine the factor structure of the instru-
ment. One can use factor analysis in either an explora-
tory or confirmatory mode, but since this is a new tool
we began with exploratory techniques. With EFA we do
not specify the number of factors or the items that load
on those factors in advance but rather let the data guide
us [40].
An essential step in an EFA is to determine the num-

ber of factors to retain. Determining the number of fac-
tors is both a matter of judgment on the content and
quality of the factors, and a statistical issue. By conven-
tion one retains factors with an eigen value of greater
than 1.0. This criterion is motivated by the fact that EFA
operates on the item correlation matrix wherein item
variances are fixed at 1.0, and so factors with a variance
(eigen value) less than that of a single item are essen-
tially comprised of noise. The initial factoring extracted
13 factors, however several of the factors were com-
prised of few items, items that cross-loaded with other
factors, or that were difficult to interpret. Final solutions
were derived after a Promax oblique rotation. Items with
factor loadings of less than 0.30 or with substantial load-
ings on more than one factor were excluded from the in-
strument. From the initial pattern matrix of 13 factors,
we identified 8 strong factors. We selected groups of
items in each factor that loaded most heavily on that fac-
tor, and with minimal or no dual loading on other fac-
tors. The investigators examined the items in each factor
and agreed on a name for the overall factor concept.
Each item was assessed and was kept if it had a high
loading, was a good conceptual representation of the
named dimension, and was well worded and clearly
measured the variable of interest. The EFA was re-run
with the candidate items to achieve the final instrument.
We examined the internal consistency of each factor
using Cronbach’s alpha [35,41].
To investigate the possibility that our 8 identified fac-

tors clustered into one or more higher order factors, we
examined a scree plot of eigen values of the augmented
correlation matrix against the number of factors. Factors
with eigen values > 1 are candidates for higher order fac-
tors. Potential higher order factor solutions were exam-
ined using exploratory methods to examine whether the
eight factors represent different constructs or whether
they reflect different facets of multiple higher order con-
cepts. The preferred way to do this is using confirmatory
factor analysis (CFA) techniques, however this analysis
had convergence issues, possibly reflecting that the sam-
ple size may not be sufficient to support a CFA model
with 28 observed variables in 8 factors. Therefore the
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less demanding EFA method was again used, this time
where the raw data is the summated factor scores.

Test/retest reliability
Three months after the initial sample, we mailed retest
questionnaires (full 53 item questionnaire) to a ran-
domly selected sample of 53 participants. 2 declined. Of
the 51 remaining, 45 returned completed questionnaires.
The eight factors were compared in the initial and retest
using Pearson’s correlations.

Results
Focus group participants were 12 women and 4 men.
Twelve self-identified as computer and internet users
and 4 were non-users. Their average age was 56 (range
27–75). The percentage of non-internet users participat-
ing in the focus groups was similar to the percentage
among patients that were approached to participate (25
vs. 32%). The major themes identified in the focus
groups with users and non-users revolved around bar-
riers and facilitators to health information technology
resource use. Barriers and facilitators are presented in
Table 2, with definitions and supporting quotes. One
theme, asynchrony, was viewed by some as a facilitator
and by others as a barrier.
Both users and non-users had privacy and security con-

cerns about sharing information online, however users
were more sophisticated in their assessment of these po-
tential risks, while non-users had a more global, unfocused
concern, almost paranoia, about these risks, likely repre-
senting their more limited understanding of the structure
and function of the internet. Anxiety about health con-
cerns seemed to work in two ways for the participants.
Searching for information was a way to understand better
and perhaps relieve information needs and therefore anx-
iety. However many participants expressed a “no news is
good news” approach, reflecting that seeking information
on the internet could lead them to more information than
they needed, and that some of that information would be
distressing. Both groups also expressed that it was easy to
become overwhelmed in the sheer amount of information
that could be found on the internet, and for the propensity
to go “round and round” in their search for information.
Looking for information on behalf of others was definitely
a prominent activity, as has been found in other literature
[42]. Perhaps one of the most desired aims, several users
stated that the internet helped them understand their con-
dition more so that they could ask better questions during
their visit and become more active participants in their
own care.
Two hundred participants with chronic conditions com-

pleted the 53-item questionnaire plus demographic ques-
tions. The mean age of the sample was 54 years (s.d. 14
years) with a range of 20–86 years. Other demographic
characteristics of the sample are listed in Table 3. We
had a 64% participation rate among eligible participants
approached; some of the eligible participants felt too ill
to participate while in the waiting room of the clinic.
Of the original 53 items, 28 items were retained which

sorted into 8 factors in the EFA. The content experts on
our team (DRM, RJK, and SMC) were easily able to name
the factors based on underlying concepts, supporting con-
struct validity. The items and Cronbach’s alpha for each of
the 8 factors are listed below. Test-retest reliability for the
8 subscales ranged from 0.60 to 0.85.

List of items and Cronbach’s alpha for the 8 factors

Health Information Need - HIN (0.84)
If I went on the internet, I would use it to look up
things so that I wouldn’t worry about them anymore.
If I went on the internet, I would use it to look up
information about herbals and/or supplements.
If I went on the internet I would use it to look up
symptoms.
If I went on the internet I would use it to search for
information about my health.
If I went on the internet I would use the internet to
find information about medications.
Computer/Internet Experience, Expertise – CIEE
(0.87)
If I went on the computer, I would be able to figure out
most computer problems that I might run into.
If I went on the computer, I would have access to the
internet.
If I went on the internet, I would find using the
internet to be easy.
If I went on the internet, I would find using email to be
easy.
Computer Anxiety – CA (0.82)
If I went on the computer, I would find using it to be
frustrating.
If I went on the internet, I would get frustrated with
the amount of information I found about health on the
internet.
If I went on the internet, I would find searching for
information on the internet would be stressful.
If I went on the internet, I would find sorting
through information on the internet to be too time
consuming.
Preferred Mode of Interaction – PMI (0.73)
Looking up health concerns on the internet is more
convenient for me than contacting a doctor’s office.
I prefer calling my doctor’s office to emailing them.
I email my doctor.
I trust the internet as a source for health information.
Looking up information online about medications is
easier than asking my doctor.



Table 2 Focus group themes

Theme Definition Supporting quote

Barriers

Privacy and security
concerns

Multiple participants, both users and non-users shared this
concern, although experience and expertise with computers
seemed to dispel concerns for some users. Participants
expressed concern that personal information could be leaked
when they accessed a website or entered personal information
into a system. In addition to fear of privacy infringements,
participants were also concerned that viruses, cookies, phishing
and spam might lead to security breaches such as identity
theft. Users discussed these possibilities as wary consumers
while non-users abstractly referred to stories that they had
heard in the media that may or may not be relevant, such as a
highly publicized Ponzi scheme scandal.

“Cause like there’s a lot of other people out there in the
world that, take for instance if I was getting on the
internet and so and so said such, the other person’s name,
their last name, social security number, you can get all that
stuff down from anybody, and it’s dangerous.”

“I don’t ever, ever use my identity on there [internet]
because there’s a lot of viruses’ going on and people just
log right in.”

Poor computer and
search abilities

Non-users described gaps in knowledge and abilities that
limited them from accessing the internet, including poor
internet navigational skills, lack of virus protection leading to
poor computer function, and inability to set up their
computer and/or internet access. Both users and non-users
expressed that difficulty with spelling could hamper searches,
and that it could be difficult to find the information that they
needed online. Many expressed that the amount of
information on the internet could be overwhelming.

“Oh, yeah. I had to get over that, and my daughter says it’s
just like the keyboard of the typewriter and, you know, you
just gotta know how to do it.”

“You know, yeah, you look it up, you look it up and then
you don’t know where to click, you know, and stuff like
that. That, then it confuses you and then it just, you know,
has all those kind of things, you know, written down and I
thought “Oh, my God.” It’s just frustrating.”

Preference for the health
care team as a source of
information

Both users and non-users thought that information from
the doctor was superior in validity and quality to most
information that could be found by them on the internet.
They also valued their relationship with their doctor and
felt that the doctor served needs that could not be
addressed by the internet. Some internet users still sought
health information on the internet but it was not used as a
primary source of information and the patient often would
consult with the care provider to verify information.

“I want something more than that [internet search]. Maybe
I want the hands on, you know, and I don’t get the hands
on from a computer. I’m sorry. I just don’t get the same
feeling from that.”

“Yeah. I always have to have that doctor to reassure me. A
computer couldn’t take the place of a doctor for me.”

Anxiety about what
information might be
found on the internet

Both user and non-user participants had concerns that
information found on the internet might increase their anxiety.
For example, many stated and agreed that information about
medication side-effects might lead them to imagine that they
were having those side-effects. Similarly, looking up
information about symptoms might lead them to discover a
deadly diagnosis. For internet users there was often a tension
between avoiding information which might provoke anxiety
while also feeling a need to gather more information.

“…and I said “Once I heard about malignancy and early
death, I don’t want to hear any more.” And he said “Well, I
didn’t want to say that to you, but I wanted to give you the
option to find it.” So we can sometimes not want to look in
places that we don’t want to find out certain things.”

“First time I read it, you know, did it all, like on all three
websites just telling me all this stuff that could be wrong
with me, you know, I’m like “Oh, my God, I’m gonna die,”
you know.”

Facilitators

Need for information Participants described that often their desire to find
information was triggered by an event creating a specific
information need, which prompted the participant’s
utilization of the computer. Participants frequently
reported a need to obtain information that could help
explain a symptom. Participants also reported wanting to
learn ways to deal with health issues utilizing “alternative
medicine” methods. The information need provoked
anxiety, and if this need could not be conveniently or
adequately fulfilled by trusted sources, such as the health
care team, friends, or family members, then users turned
to the internet. They might also triangulate the validity of
information based on multiple sources.

“Well, I fell a couple weeks ago and I really don’t know
what happened. We think it was insulin reaction, but I felt
bad enough that I went to the hospital. And so I have, you
know, kind of looked up, looked that up.”

“Matter of fact, [Doctor Name], and don’t ask me for
[Doctor’s] name, she’s a diabetes doctor, told me about a
site to go to for we’ll say home remedies for fungal
infections of the feet and that kind of stuff, but basically
other people will say “I just read an article on,” and I will
say “Where was it?” “Medline?” and then I can go find that
article.”

Desire to be a more
active participant in own
care

While not common, a few participants strongly expressed that
the knowledge that they gained on the internet was a type a
power that they used with the doctor to improve their own
care. Some expressed that they felt they needed knowledge
to more effectively converse with the doctor or to make the
doctor take them more seriously or spend more time with
them. Others an active role in their own care coordination and
management, updating their care team on changes in their
health, and learning about behavioral changes and other
interventions for better chronic disease care.

I want to be a little bit smarter, too, and I don’t want to
just wait, like Dr. [name] was like “Well, I’m gonna examine
you, but is there anything else you’d like to address,” and I
was saying nothing before.”

“If I read something or become aware of something one way
or the other, I’ve always checked it out with my primary
family practice physician, who has been very good about
giving me an opinion as to what I’ve said or, or when I’ve
brought up, and that’s worked out real well for me.”
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Table 2 Focus group themes (Continued)

Convenience Whether using the computer to communicate with the
health care team or to look up needed information, the
computer and internet were felt to be very fast and
convenient for established users. Non-users also
recognized this convenience, but lamented that it was
not available to them.

“Well, I use the internet a lot for information regarding
health relations, treatment plans. My favorite sources are
hospitals that publish patient teaching education. I try to
make sure the site is authoritative and not Wikipedia, those
kinds of things. I contact my physician with questions.”

“As I say, it’s just a world of information out there, and
that’s one of the fastest way of getting it now, what used
to be telephones, write a letter.”

Looking for information
for or about others

For most users, looking up health information on the
internet was an activity that they did almost as often for
family and friends as for themselves. In situations where
the user was a caregiver, they might even do more
searches for health information for loved ones than they
would for themselves. Obtaining information for others
seemed to be one way that friends and family members
involve themselves in caring for people they care about.
Additionally, users may look up health information about
the conditions of family and friends because they have a
relative lack of information about the family/friend health
condition, compared to their own health condition where
they would receive information directly from the health
care team and have an opportunity to have their question
answered by the health care team. Similarly, non-users
reported that family and friends would look up information
for them.

“I have a friend who has schizophrenia, and when I was
first trying to find out more about that ailment. I knew
very little. ”

“…my husband has diabetes and strokes, and he’s
wheelchair, and my mother is going through chemo for
the second time…if there’s something I’m not familiar
with, if there’s something I question about what the
doctor’s told me, you know, prescriptions, you know,
different drugs and exactly what they are, that sort of
thing.”

Barrier & Facilitator

Asynchrony Asynchrony occurs when communications are not
occurring directly or in real time. This communication
between patient and the care team can take place
electronically in the form of emails or secure patient portal
communications. Patients had divided views of this
asynchrony. Some viewed it as a barrier similar to privacy/
security because they were not sure where their message
would go, who would see it, and when or if they would
get a reply. The opposite view reflected the convenience
of this asynchrony, with the doctor/nurse and the patient
themselves being able to communicate at a time that was
most convenient or comfortable for them.

“I don’t want to add another [task], I look at them
sometimes run from room to room, and thinking and do
you expect them to custom answer my email? And I know
one of the downsides of email is the sender never knows
how many the recipient is getting…but each person
thinks you should give a response immediately, and it’s
not possible.”

“Because you can do that, you know, a lot of times I’m up
quite late, so at 1:00 in the morning…I can do it right
then because, you know, a lot of times during the day I, I
don’t have time to do this. It would just be able to do it
on my time and when I’m, when the house is quiet and
I’m able to, to concentrate a little bit more.”
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Relationship with Doctor – RWD (0.65)
I let my doctor handle the details of my health.
Doctors are my most trusted source of health
information.
When I have a health concern, my first step is to
contact my doctor’s office.
Cell Phone Expertise – CPE (0.75)
I go online using my cell phone.
I use my cell phone to text people almost every day.
Internet Privacy Concerns – IPC (0.71)
If I went on the internet, I would be very concerned
about giving any personal information.
If I went on the internet, I would be concerned it
would lead to invasions of my privacy.
No News is Good News - NNGN (0.57)
People today want to know too much about their health.
Regarding my health, I agree with the statement “No
news is good news.”
I am concerned about what I might find if I look up
health issues on the internet.
Examination of a scree plot of eigen values of the aug-
mented correlation matrix against the number of factors
revealed the possibility of 2 or 3 higher order factors
(Figure 1). Two and three higher order factor solutions
were examined using exploratory methods to examine
whether the eight factors represent different constructs
or whether they reflect different facets of multiple higher
order concepts. The three factor solution was problem-
atic with multiple loadings for factors, while the 2 factor
solution, Table 4, was both conceptually and analytically
unambiguous. Two “meta-factors” were extracted which
conceptually represent “Facilitators” and “Barriers” to
health information technology use.

Discussion
The PRE-HIT instrument is a valid instrument to measure
likelihood of using health information technology re-
sources among patients with chronic conditions. It ad-
dresses using information technology both to search for
information and to communicate with the health care



Table 3 Demographic characteristics of patient sample
for questionnaire (n = 200)

Characteristic Percent

Gender male 29

Race

White 79

Black 17

Asian 1

Native American 3

Ethnicity hispanic 2

Education

Less than high school 17

High school graduate/equivalent 25

Trade/Some college 30

College graduate 15

Post graduate 13

Self-rated health status

Excellent 3

Very good 15

Good 37

Fair 38

Poor 7

Chronic condition (may have multiple)

Diabetes mellitus 39

Hypertension 81

Heart failure 11

Coronary artery disease 12

Figure 1 Scree plot of higher order structure.

Table 4 Factor pattern for retaining 2 oblique factors

Factor

1 2

CIEE 0.762 0.055

CPE 0.614 −0.286

PMI 0.521 0.109

HIN 0.486 0.046

NNGN −0.162 0.681

CA 0.221 0.629

IPC −0.010 0.516

RWD −0.039 0.303

Factors that clustered with each meta factor are indicated in that column
in bold.
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team. The instrument demonstrated good test-retest re-
liability. Its 8 subscales have good construct validity and
robust factor loadings. The 8 subscales clustered into 2
larger meta-factors, “Facilitators” and “Barriers”, again,
with good construct validity.
There is a good match of the items and factors to the

themes identified in the focus groups, reflecting good
coverage of the identified domains. Domains and factors
include not just measures of computer and internet ability
and media literacy that have been addressed by previous
instruments, but also user preference for mode of inter-
action and motivation and desire to search for information.
Women are over-represented in the sample, which likely

reflects our strategy of recruiting from our clinic waiting
rooms; women make up substantially more than half of all
ambulatory care visits, especially as age increases [43].
Women are also the most frequent users of the internet as
a health information source, perhaps resulting from their
frequent roles as caretakers for children and aging parents
[42,44]. The percentages of each race in our sample are
similar to the percentages in the United States population,
which should aid generalizability [45]. However, Latino
ethnicity is under-represented in our sample, so this is also
an area for future work.
We limited items to English language and enrolled

only participants who spoke English as their primary
language. Many of the measure’s domains (e.g. trust,
privacy issues) likely have a cultural context far beyond a
simple translation and back translation of items. Validat-
ing this work for use in other languages and cultures
would likely need to examine this cultural context and
cultural specificity, in addition to a linguistic translation.
Translation and validation in languages other than Eng-
lish is a potential area for future work.
While some factors had a very robust Cronbach’s alpha,

others were more toward the low end of acceptable alpha
levels. Cronbach’s alpha is very sensitive to the number of
items in a factor, and we made the decision to keep the
item number small to minimize potential burden on fu-
ture research participants, perhaps with implications for
each factor’s alpha level [41].
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The PRE-HIT instrument builds upon groundwork
laid by the eHEALS [7]. While the eHEALS was developed
in a young population, the PRE-HIT was developed with
older adults with chronic conditions. This is a key demo-
graphic target of online and mobile health and lifestyle
self-management tools. The PRE-HIT instrument also
goes beyond the computer skills and media literacy com-
ponents of the eHEALS to examine factors such as mo-
tivation, information needs, privacy concerns, and user
preference for mode of interaction [7,11-13,15-18]. The
PRE-HIT instrument will likely be better suited to assess
readiness among older adults with chronic conditions.
This may help to bridge the gap in predicting use that was
found with a Dutch examination of the predictive validity
of the eHEALS [9].
Conclusions
Frequently those who are developing and testing new
internet and technology based interventions need to
enroll patients to test these tools. However, a recurring
question is who to enroll, and how to know if the par-
ticipant is capable of using the technology, and also if
they are likely to use it. The PRE-HIT instrument can
help researchers choose appropriate test participants. It
can also be used to assess a user’s readiness to use the
technology and can therefore assist researchers in their
statistical analyses evaluating these tools, especially in
analyses examining use.
Future work will examine the predictive validity of the

instrument, i.e. its ability to predict use of these health
technology resources for patients with chronic condi-
tions. This next step will define PRE-HIT scores that are
likely to predict use and non-use. Examination of the
subscales may also show why a participant uses the tech-
nology, or not. Confirming the factor structure and par-
ticularly the second order structure is also a target of
future research. Additionally, the PRE-HIT instrument
is largely suited for addressing computer, internet, and
mobile technology use. As technologies evolve, the in-
strument may need to be modified to address different
ways of using technology to improve and inform per-
sonal health.
While it would be unrealistic to expect the 28 item

PRE-HIT instrument to be used in clinical practice, it
will be a great aid to researchers who are examining
emerging technologies assist patients with lifestyle change
and chronic disease self-management. Currently, it is diffi-
cult to determine who to enroll in studies of these tech-
nologies and also difficult to characterize the sample
beyond simple demographic information. The PRE-HIT
instrument will allow investigators to enroll based on spe-
cified criteria and to better describe their sample and
analyze their results.
Abbreviations
CFA: Confirmatory factor analysis; EFA: Exploratory factor analysis;
eHEALS: eHealth Literacy Scale; PRE-HIT: Patient readiness to engage in
health information technology.

Factor names
HIN: Health information need; CIEE: Computer/internet experience, expertise;
CA: Computer anxiety; PMI: Preferred mode of interaction; RWD: Relationship
with doctor; CPE: Cell phone expertise; IPC: Internet privacy concerns;
NNGN: No news is good news.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
RJK conceived of the study, participated in its design and coordination and
drafted the manuscript. GFP participated in the design and performed the
statistical analysis. SMC participated in the design of the study, and the
analysis and interpretation of data. JAS participated in the analysis and
interpretation of qualitative data. DRM participated in the design of the
study, and the analysis and interpretation of the data. All authors provided
critical review of manuscript drafts, including the final manuscript. All authors
read and approved the final manuscript.

Acknowledgements
This project was supported by grant number K08HS017948 from the Agency
for Healthcare Research and Quality. The content is solely the responsibility
of the authors and does not necessarily represent the official views of the
Agency for Healthcare Research and Quality.

Author details
1Department of Family and Community Medicine, University of Missouri,
MA306 Medical Sciences Building, DC032.00, Columbia, Missouri 65212, USA.
2Office of Medical Research, University of Missouri, Columbia, Missouri, USA.
3Center for Health Policy, University of Missouri, Columbia, Missouri, USA.
4Department of Child Health, University of Missouri, Columbia, Missouri, USA.

Received: 15 October 2013 Accepted: 21 January 2014
Published: 28 January 2014

References
1. Pew Internet: health. http://www.pewinternet.org/topics/Health.
2. McMahon GT, Gomes HE, Hickson HS, Hu TM, Levine BA, Conlin PR:

Web-based care management in patients with poorly controlled
diabetes. Diabetes Care 2005, 28:1624–1629.

3. Allen M, Iezzoni LI, Huang A, Huang L, Leveille SG: Improving patient-
clinician communication about chronic conditions: description of an
internet-based nurse E-coach intervention. Nurs Res 2008, 57:107–112.

4. Lorig KR, Ritter PL, Laurent DD, Plant K: Internet-based chronic disease
self-management: a randomized trial. Med Care 2006, 44:964–971.

5. Kruse RL, Koopman RJ, Wakefield BJ, Wakefield DS, Keplinger LE, Mehr DR:
Internet use by primary care patients: where is the digital divide?
Fam Med 2012, 44:342–347.

6. Malhotra NK, Kim SS, Agarwal J: Internet users’ information privacy
concerns (IUIPC): the construct, the scale, and a causal model. Inf Syst Res
2004, 15:336–355.

7. Norman CD, Skinner HA: eHEALS: the eHealth Literacy Scale. J Med Internet
Res 2006, 8:e27.

8. Norman CD, Skinner HA: eHealth literacy: essential skills for consumer
health in a networked world. J Med Internet Res 2006, 8:e9.

9. van der Vaart R, Van Deursen AJ, Drossaert CH, Taal E, Van Dijk JA, van de
Laar MA: Does the eHealth Literacy Scale (eHEALS) measure what it
intends to measure? Validation of a Dutch version of the eHEALS in two
adult populations. J Med Internet Res 2011, 13:e86.

10. Wagner EH, Austin BT, Davis C, Hindmarsh M, Schaefer J, Bonomi A:
Improving chronic illness care: translating evidence into action.
Health Aff (Millwood) 2001, 20:64–78.

11. Czaja SJ, Charness N, Fisk AD, Hertzog C, Nair SN, Rogers WA, Sharit J:
Factors predicting the use of technology: findings from the Center for
Research and Education on Aging and Technology Enhancement
(CREATE). Psychol Aging 2006, 21:333–352.

http://www.pewinternet.org/topics/Health


Koopman et al. BMC Family Practice 2014, 15:18 Page 9 of 9
http://www.biomedcentral.com/1471-2296/15/18
12. Brodie M, Flournoy RE, Altman DE, Blendon RJ, Benson JM, Rosenbaum MD:
Health information, the Internet, and the digital divide. Health Aff (Millwood)
2000, 19:255–265.

13. Pelletier AL, Sutton GR, Walker RR: Are your patients ready for electronic
communication? Fam Pract Manag 2007, 14:25–26.

14. Harrison AW, Rainer RK: An examination of the factor structures and
concurrent validities for the computer attitude scale, the computer anxiety
rating scale, and the computer-self-efficacy scale. Educ Psychol Meas 1992,
52:735–745.

15. Bunz U, Curry C, Voon W: Perceived versus actual computer-email-web
fluency. Comput Human Behav 2007, 23:2321–2344.

16. Smith B, Caputi P, Rawstorne P: The development of a measure of
subjective computer experience. Comput Human Behav 2007, 23:127–145.

17. Bunz U: The Computer-Email-Web (CEW) Fluency Scale–development
and validation. Int J Hum Comput Interact 2004, 17:479–506.

18. Yaghmaie F: Development of a scale for measuring user computer
experience. J Res Nurs 2007, 12:185–190.

19. Gardner DG, Discenza R, Dukes RL: The measurement of computer
attitudes: an empirical comparison of available scales. J Educ Comput Res
1993, 9:487–507.

20. Woodrow JE: A comparison of four computer attitude scales.
J Educ Comput Res 1991, 7:165–187.

21. Murphy CA, Coover D, Owen SV: Development and validation of the
computer self-efficacy scale. Educ Psychol Meas 1989, 49:893–899.

22. Swift JA, Glazebrook C, Macdonald I: Validation of a brief, reliable scale to
measure knowledge about the health risks associated with obesity.
Int J Obes (Lond) 2006, 30:661–668.

23. Hudon C, Fortin M, Vanasse A: Cumulative Illness Rating Scale was a
reliable and valid index in a family practice context. J Clin Epidemiol 2005,
58:603–608.

24. Parmelee PA, Thuras PD, Katz IR, Lawton MP: Validation of the cumulative
illness rating scale in a geriatric residential population. J Am Geriatr Soc
1995, 43:130–137.

25. Parkerson GR Jr, Broadhead WE, Tse CK: The Duke Severity of Illness
Checklist (DUSOI) for measurement of severity and comorbidity.
J Clin Epidemiol 1993, 46:379–393.

26. Moss-Morris R, Weinman J, Petrie KJ, Horne R, Cameron LD, Buick D: The
revised illness perception questionnaire (IPQ-R). Psychol Health 2002,
17:1–16.

27. Weinman J, Petrie KJ, Moss-Morris R, Horne R: The illness perception
questionnaire: a new method for assessing the cognitive representation
of illness. Psychol Health 1996, 11:431–445.

28. Wrench JS: The influence of perceived risk knowledge on risk
communication. Commun Res Rep 2007, 24:63–70.

29. Parker RM, Baker DW, Williams MV, Nurss JR: The test of functional health
literacy in adults: a new instrument for measuring patients’ literacy skills.
J Gen Intern Med 1995, 10:537–541.

30. Wallace LS, Rogers ES, Roskos SE, Holiday DB, Weiss BD: Brief report:
screening items to identify patients with limited health literacy skills.
J Gen Intern Med 2006, 21:874–877.

31. Davis TC, Long SW, Jackson RH, Mayeaux EJ, George RB, Murphy PW,
Crouch MA: Rapid estimate of adult literacy in medicine: a shortened
screening instrument. Fam Med 1993, 25:391–395.

32. Davis TC, Crouch MA, Long SW, Jackson RH, Bates P, George RB, Bairnsfather LE:
Rapid assessment of literacy levels of adult primary care patients. Fam Med
1991, 23:433–435.

33. Prochaska JO, DiClemente CC: Stages and processes of self-change of
smoking: toward an integrative model of change. J Consult Clin Psychol
1983, 51:390–395.

34. Biener L, Abrams DB: The contemplation ladder: validation of a measure
of readiness to consider smoking cessation. Health Psychol 1991, 10:360–365.

35. Streiner DL, Norman GR: Selecting the items. In Health measurement scales:
a practical guide to their development and use. 2nd edition. New York:
Oxford University Press; 1995:54–68.

36. Holden RR, Fekken GC, Jackson DN: Structured personality test item
characteristics and validity. J Res Pers 1985, 19:386–394.

37. Likert R: A technique for the measurement of attitudes. Arch Psychol 1932,
22:1–55.

38. Streiner DL, Norman GR: Biases in responding. In Health measurement
scales: a practical guide to their development and use. 2nd edition. New York:
Oxford University Press; 1995:69–84.
39. Mundfrom DJ, Shaw DG, Tian LK: Minimum sample size recommendations
for conducting factor analyses. Int J Test 2005, 5:159–168.

40. Fabrigar LR, Wegener DT, MacCallum RC, Strahan EJ: Evaluating the use of
exploratory factor analysis in psychological research. Psychol Methods
1999, 4:272–299.

41. Cronbach LJ, Warrington WG: Time-limit tests: estimating their reliability
and degree of speeding. Psychometrika 1951, 16:167–188.

42. Rice RE: Influences, usage, and outcomes of Internet health information
searching: multivariate results from the Pew surveys. Int J Med Inform
2006, 75:8–28.

43. National Ambulatory Medical Care Survey: 2010 summary tables. 2010. http://
www.cdc.gov/nchs/data/ahcd/namcs_summary/2010_namcs_web_tables.pdf.

44. Houston TK, Allison JJ: Users of Internet health information: differences
by health status. J Med Internet Res 2002, 4:E7.

45. USA QuickFacts from the US Census. http://quickfacts.census.gov/qfd/
states/00000.html.

doi:10.1186/1471-2296-15-18
Cite this article as: Koopman et al.: Development of the PRE-HIT
instrument: patient readiness to engage in health information
technology. BMC Family Practice 2014 15:18.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

http://www.cdc.gov/nchs/data/ahcd/namcs_summary/2010_namcs_web_tables.pdf
http://www.cdc.gov/nchs/data/ahcd/namcs_summary/2010_namcs_web_tables.pdf
http://quickfacts.census.gov/qfd/states/00000.html
http://quickfacts.census.gov/qfd/states/00000.html

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Identifying domains
	Creating candidate items
	Sample
	Factor analysis
	Test/retest reliability

	Results
	List of items and Cronbach’s alpha for the 8 factors

	Discussion
	Conclusions
	Abbreviations
	Factor names
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References

