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Abstract

Objectives There is no gold standard for measuring adherence to prescribed home exercise. Self-report diaries are commonly used however
lack of standardisation, inaccurate recall and self-presentation bias limit their validity. A valid and reliable tool to assess exercise adherence
behaviour is required. Consequently, this article reports the development and psychometric evaluation of the Exercise Adherence Rating Scale
(EARS).

Design Development of a questionnaire.

Setting Secondary care in physiotherapy departments of three hospitals.

Participants A focus group consisting of 8 patients with chronic low back pain (CLBP) and 2 physiotherapists was conducted to generate
qualitative data. Following on from this, a convenience sample of 224 people with CLBP completed the initial 16-item EARS for purposes of
subsequent validity and reliability analyses.

Methods Construct validity was explored using exploratory factor analysis and item response theory. Test-retest reliability was assessed 3
weeks later in a sub-sample of patients.

Results An item pool consisting of 6 items was found suitable for factor analysis. Examination of the scale structure of these 6 items revealed
a one factor solution explaining a total of 71% of the variance in adherence to exercise. The six items formed a unidimensional scale that
showed good measurement properties, including acceptable internal consistency and high test-retest reliability.

Conclusions The EARS enables the measurement of adherence to prescribed home exercise. This may facilitate the evaluation of interventions
promoting self-management for both the prevention and treatment of chronic conditions.

© 2017 Chartered Society of Physiotherapy. Published by Elsevier Ltd. All rights reserved.
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Introduction co-morbidity [1]. Self-management involves collaboration
between the patient and their healthcare provider (HCP),

Exercise recommendations for adults with chronic con- allowing patients to manage and monitor their health and any
ditions vary depending on the patients’ physical condition, difficulties that arise [2]. Long-term adherence to these pro-
the intensity and progression of their illness, and any grammes is important for patients to maintain lasting benefits

[3]. However, evidence demonstrates that levels of adherence
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to prescribed exercise are often low, limiting benefits that
could be gained [4-7].

Exercise is widely recognised as necessary for primary
and secondary prevention, and treatment of chronic illness
[8]. Thus, itis of vital importance that adherence to prescribed
exercise is adequately assessed. Measurement of adherence
is complex and there is no gold standard for measuring adher-
ence to prescribed home exercise [9,10]. Recent systematic
reviews investigating adherence to prescribed exercise in
musculoskeletal populations [ 11] and a chronic low back pain
(CLBP) population [5], found self-report diaries to be the
most common measure of adherence. However, there is no
standardised diary that can be used across research studies,
meaning results are not easily comparable between stud-
ies. In addition, poor completion rates for diaries, together
with inaccurate recall and self-presentation bias, may fur-
ther affect validity of this data [12]. Electronic devices such
as accelerometers and pedometers can be used to assess
adherence [ 13], but these require the patient to use them sys-
tematically, and therefore might only be successful for more
adherent patients. Furthermore, electronic devices do not
capture specific prescribed exercises [14]. Moreover, using
electronic devices has been shown to increase exercise, lead-
ing to difficulties obtaining an accurate baseline measure of
adherence [15].

The development of a valid measure is a priority as this
may provide a better understanding of adherence to pre-
scribed home exercise [5,8,16]. Additionally, it may provide
a quick and simple way to assess adherence and an indi-
cation of reasons for non-adherence. Such information could
aid the development of effective interventions that encourage
long-term self-management of chronic conditions. This study
reports the development and initial psychometric evaluation
of the first measure to assess adherence to prescribed home
exercise: the Exercise Adherence Rating Scale (EARS).

Method
Phase I: item generation and scoring

A total of 17-items (see Table 1) were generated through
a four stage process. The four stages included a focus group
(Stage 1), expert advice (Stage 2), consideration of previous
research (Stage 3) and feedback from a pilot sample (Stage
4). Firstly, fifteen items were generated by a focus group of
eight patients with CLBP (back pain > 3 months) and two
physiotherapists. The focus group generated two types of
item—items assessing adherence behaviour and items assess-
ing reasons for adherence and non-adherence. At the second
stage, four physiotherapists and two health psychologists
were consulted to generate the initial item pool.

The third stage identified additional items based on consid-
eration of previous research, including a systematic review
of the CLBP home exercise adherence literature [5] and a
review of related tools assessing medication adherence [17].

Table 1
Seventeen core questionnaire items for the Exercise Adherence Rating Scale.

1 Ido my exercises as often as recommended*
I adjust the way I do my exercises to suit myself
I don’t get around to doing my exercises*
Other commitments prevent me from doing my exercises
I feel confident about doing my exercises
I don’t have time to do my exercises
I’m not sure how to do my exercises
I do some, but not all, of my exercises*
9  Idon’tdo my exercises when I am tired
10 Ido less exercise than recommended by my healthcare professional*
11 Ifit my exercises into my regular routine*
12 Tdo my exercises because I enjoy them
13 My family and friends encourage me to do my exercises
14 Istop doing my exercises when my pain is worse
15  Iforget to do my exercises*
16  Ido my exercises to reduce my health problem
17 Icontinue doing my exercises when my pain is better

[c BN e MY

Note: *Items considered to assess adherence behaviour. Remaining items
are considered to assess reasons for adherence/non-adherence.

This stage informed items 16 and 17. Of the 17-items gen-
erated, 6-items assessed adherence behaviour directly (see
asterisked items in Table 1), while a further 11-items were
related to reasons for adherence/non-adherence. In addition
tothe 17 core items, five tick-box questions were developed to
extract further information about type, intensity and duration
of prescribed exercise, together with additional information
about adherence behaviour (Questionnaire. Section A, Sup-
plementary online material). A free-text response question
stating ‘in your own words, please can you explain why you
have, or have not, done your exercises?’ was included allow-
ing individuals to provide qualitative information about their
adherence behaviours.

At the fourth stage, a pilot sample of 20 individuals with
CLBP completed the 17-item EARS (X age =43 years, 65%
female). Items 16 and 17 were queried by 6 and 8 partic-
ipants respectively. This resulted in the removal of item 17
and the rewording of item 16, both due to lack of clarity. [tem
17 was removed because individuals experiencing pain were
unclear how to answer this question. Item 16 was amended
as individuals stated that they were unclear how to answer
the question as it did not account for the general benefits
of prescribed exercise. Therefore, item 16 was reworded to
state ‘I do my exercises to improve my health’. Item 8 was
revised after the initial four stage process as it was found to
be ambiguous by a health psychologist and a health psychol-
ogist/physiotherapist who believed that item 8 could refer
to adherent or non-adherent behaviour. Therefore, this item
was amended in order to clarify that it referred to adher-
ent, rather than non-adherent, exercise behaviour (i.e. I do
most, or all, of my exercises). The remaining 16 items were
scored using a 5-point Likert scale (0 =completely agree to
4 =completely disagree) with a possible summed score range
from 0 to 64. Positively phrased items were reversed scored so
that a higher overall adherence score indicated better adher-
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ence to exercise. An analysis of responses to the free text
question indicated the inclusion of no further items.

Phase I1: data collection, validity and reliability analyses

Participants

There is no clear consensus for minimum sample size for
conducting exploratory factor analysis (EFA) [18]. The tar-
get sample size was set at approximately 200 as this was
feasible and above standard recommendations for a mini-
mum of between five and ten participants per item [18,19].
Participants were recruited from physiotherapist-led CLBP
rehabilitation classes and one-to-one physiotherapy sessions
at Guy’s, St. Thomas’ and King’s College hospitals. Partic-
ipants attended a triage session with a physiotherapist prior
to referral into either 6 x 1.5 hour, weekly back classes or
one-to-one physiotherapy. Classes consisted of 45 minutes of
exercise followed by 45 minutes of education (including basic
information about anatomy and physiology, pacing and deal-
ing with flare ups). One-to-one physiotherapy varied from
between three to seven weekly sessions. All participants were
prescribed home exercises.

Patients were eligible if they satisfied the following inclu-
sion criteria: aged 18 years or older; experienced non-specific
CLBP of 3 months or longer; had adequate command of
English; could give informed consent and could attend
treatment. Five hundred and seventy-eight patients were
approached and 263 (45%) initially agreed to participate.
Thirty-nine participants were excluded because they were
either non-contactable (n=12), had stopped attending phys-
iotherapy due to referral for spinal surgery (n=2), x-ray
(n=4) or hydrotherapy (n = 14), could not complete the study
due to illness (n=4) or chose not to complete the study due
to time constraints (n=3). This resulted in a final sample of
224 participants, 30 of whom also completed test-retest data.

Procedure

Patients were approached in the waiting room and given
an information sheet describing the study prior to their first
appointment. Those who were willing to participate com-
pleted a consent form and a demographic questionnaire
assessing age, gender, ethnicity, education and employment
status. Participants were contacted within 3 weeks of the
end of treatment to complete the EARS. Thirty of the 224
participants were selected using a random number genera-
tor and contacted via telephone after a further 3 weeks to
complete the EARS for a second time to provide test-retest
data. This was considered a suitable length of time for adher-
ence behaviour to remain stable whilst avoiding “carry-over
effects” due to memory and practice [20].

Statistical analyses

Construct validity was explored using an exploratory cat-
egorical data factor analysis (EFA), which, for a one factor

solution, is equivalent to a 2-parameter graded item-response
theory model [21]. Analyses were conducted using FACTOR
software [22]. Prior to performing the EFA, suitability of
the item pool for factor analysis was assessed. Consider-
ing all 16 items together, the overall Kaiser-Meyer—Olkin
was .690, exceeding the recommended minimum value of
.600 [23]. However, the individual values for several of
the adherence/non-adherence items were below .600. As
a result, items were separated for further analyses into
the 6-items relating to adherence behaviours and 10-items
relating to reasons for adherence and non-adherence. The
Kaiser-Meyer—Olkin value was .850 for the 6-items relat-
ing to adherence behaviours with all individual items values
>.800, supporting the factorability of the correlation matrix.
The overall Kaiser—Meyer—Olkin value was .720 for the 10-
items relating to reasons for adherence and non-adherence
with several individual values <.600, therefore it was not
deemed to be suitable for EFA. The main analyses were
performed on the 6-item data only.

EFA for the 6-item data was computed from polychoric
correlation matrices, rather than Pearson correlation matri-
ces, as the EARS utilises an ordinal rather than interval scale.
Interpretation of effect size for correlational analyses was
set at >.100 for a small effect, >.300 for a medium effect,
and >.500 for a large effect [24]. Factor extraction used the
unweighted least squares estimator. The remaining 10-items
were correlated with a total score for adherence behaviour
(i.e. the 6-items) as a further means of validating the EARS
as an adherence measure (Table 2, Supplementary online
material). This shows the relative strength of each item in
explaining non-adherence. Mean scores and standard devia-
tions of the 10 adherence/non-adherence items are also shown
in Table 2 (Supplementary online material).

Three methods were used in order to decide the number of
factors to be retained. Kaiser’s criterion (the eigenvalue rule)
[23], Catell’s scree test [25] and parallel analysis [26,27].
Though a growing body of research maintains that parallel
analysis (PA) is a better method for factor retention in EFA
[18,28-30], it was deemed best practice to compare all three
methods: An item was assigned to a factor if its factor loading
was greater than 0.300 [22].

Internal consistency was estimated by Cronbach’s alpha.
To further assess reliability, the total information function
for each factor, which indicates the precision of the scale (i.e.
reliability) across the range of the latent construct, was calcu-
lated from the discrimination and difficulty parameters of the
item response parameterisation of the model. This is more
useful than Cronbach’s alpha, which implies constant relia-
bility across the range of the latent construct. The information
function is particularly useful in determining whether a tool
might be useful as a screening tool since reliability would
need to be high for high levels of the latent construct (e.g.
high non-adherence). Finally, intraclass correlation coeffi-
cients (ICC) were calculated to assess the 3-week test-retest
reliability of the EARS.
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Results
Participant characteristics

Two hundred and twenty-four participants completed
demographic data. Demographic information can be found
in Table 3 (Supplementary online material).

Tests of validity

Construct validity

EFA of the 6-items assessing adherence behaviours
revealed the presence of one factor with an eigenvalue
exceeding 1. The scree-plot, parallel analysis and eigenvalue
rule all suggested that one factor should be extracted. All
items loaded strongly on the factor, which explained 71%
of the common variance between items. Item means (with
a maximum possible score of 4), factor loadings and item
response parameters are shown in Table 4 (Supplementary
online material). The IRT parameter a is the discrimination
parameter. Similar to the interpretation of the factor loadings,
higher values for a indicate a stronger association between the
item and the latent construct. Item difficulty is reflected by the
difficulty parameters (d). Since the EARS has five response
levels (strongly disagree to strongly agree), IRT analysis pro-
vides four difficulty parameters (d1 to d4). These indicate
for each level of the ordinal scale the point at which 50%
of people are expected to endorse that level. The 10-items
relating to reasons for adherence and non-adherence were
not suitable for factor analysis. However, they are provided
for use as single-item scales where additional information is
required about adherence behaviours (Questionnaire, Section
C, Supplementary online material).

Summary of the 10 reasons for adherence or
non-adherence items

Table 2 (Supplementary online material) shows mean
scores and standard deviations of the 10 adherence/non-
adherence items. Pearson correlation coefficients were used
to investigate relationships between the 10 ‘reasons’ items
and adherence (6-item EARS) (Table 2 in Supplemen-
tary online material). Strong, positive correlations were
found between item 1 (I don’t have time to exercise), item
2 (other commitments prevent me from doing my exer-
cises) and adherence (item 1: r=.621, p<.001; item 2:
r=.576,p<.001). Stronger disagreement (i.e. a higher score)
with both statements was associated with better adherence.
Medium, positive correlations were found between item 3
(I'm too tired to do my exercises), item 9 (I stop exercising
when my pain is worse), item 10 (I’'m not sure how to do my
exercises) and adherence (item 3: r=.430, p<.001; item 9:
r=.338, p<.001;item 10: r=.452, p<.001). Medium, nega-
tive correlations were found between item 4 (I feel confident
about doing my exercises), item 7 (I do my exercises because
I enjoy them) and adherence (item 4: r=—.322, p<.001;
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Fig. 1. Reliability for the factor “exercise adherence”.

item 7: r=—.393, p<.001). A small, positive correlation was
found between item 8 (I adjust the way I do my exercises
to suit myself) and adherence (item 8: r=.083, n.s.). Small,
negative correlations were found between item 5 (my family
and friends encourage me to do my exercises), item 6 (I do
my exercises to improve my health) and adherence (item 5:
r=—.172, p<.001; item 6: r=—.269, p<.001).

Reliability

Internal consistency was found to be good for the single
factor (¢ =.810). Fig. 1 shows the reliability of the EARS in
measuring the latent construct (adherence behaviour) across
the distribution of the construct, calculated from the IRT total
information function. There is high reliability across most
of the range of the construct (Fig. 1). A sub-sample of 30
participants re-assessed after a 3-week period indicated test-
retest reliability for the EARS was high [ICC=.970 (.940 to
.980)].

Discussion

This study reports the development and initial psycho-
metric evaluation of the Exercise Adherence Rating Scale
(EARS); a 6-item measure assessing adherence to pre-
scribed home exercise (Questionnaire, Supplementary online
material; Section B). To our knowledge, this is the first
standardised, validated measure that assesses self-reported
adherence. Examination of the scale structure of the 6-item
adherence scale revealed a one factor solution explaining 71%
of the variance in adherence to exercise. Internal consistency
and IRT methods: indicated that reliability was acceptable,
and test re-test reliability was high.

10-items assessing reasons for adherence and non-
adherence were not included in the final 6-item EARS
questionnaire. Theory, research and patient/clinician feed-
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back from the present research linked these items with
adherence behaviour. Consequently, although the 10-items
were not included in the main analysis, they provided pre-
liminary evidence of potential convergent validity for the
6-item EARS (Table 2 in Supplementary online material).
The 10-items provide additional information via single-item
questions that may assess reasons why an individual may or
may not adhere to prescribed home exercise. Table 2 (Sup-
plementary online material) shows the relative strength of
each item in explaining adherence. Strong associations were
found between ‘other commitments’ (item 1), ‘time’ (item 2)
and adherence. These were closely followed by a moderate
association between ‘tiredness’ (item 3), ‘confidence’ (item
4), ‘enjoyment’ (item 7), ‘pain’ (item 9), ‘being unsure’ (item
10) and adherence. These seven items showed the strongest
associations with adherence and therefore may be particularly
useful when assessing non-adherence to prescribed home
exercise in both research and clinical settings. These findings
are corroborated by a qualitative study that found ‘managing
time’ to be a predominant theme emerging from the data [31].

Research and clinical implications

Adherence to prescribed exercise in chronic conditions is
often poor [5—7]. Systematic reviews have identified barriers
and predictors of adherence to prescribed exercise in patients
with chronic musculoskeletal pain [5,9,11]. However, these
reviews found it difficult to draw firm conclusions due to
absence of a valid and reliable measure to assess adherence.
In addition, a recent systematic review investigated mea-
sures used to assess adherence to prescribed home exercise
and their psychometric properties [16]. Fifty-eight studies
reported 29 questionnaires, 29 logs, two visual analogue
scales and one mechanical counter used to assess exercise
adherence. Out of 61 measures, only two [32,33] scored pos-
itively for psychometric properties (content validity). This
demonstrates the necessity for a valid and reliable tool mea-
suring adherence to prescribed home exercise.

Medication adherence has been more rigorously assessed
and adherence/non-adherence are typically defined by a cut-
off score. However, a cut-off score may not be useful when
assessing exercise adherence, as it is not clear what level
of exercise is necessary for treatment to be effective. From
a clinical perspective, a questionnaire providing informa-
tion regarding exercise adherence behaviour could aid a
clinician when making recommendations throughout a treat-
ment programme. From a research perspective, this evidence
will provide a more realistic understanding of adherence
behaviours, thus aiding the development of interventions that
may increase adherence to prescribed exercise.

Strengths and limitations
The EARS is the first validated measure that can reliably

assess adherence to prescribed home exercise. However, it has
the limitations of any self-report measure, such as memory

lapses, social desirability and recall bias. Nevertheless, it does
represent a standardised method of assessing self-reported
adherence, which is an important step forward. The EARS has
preliminary validation and appears to be reliable in the tests
used in this CLBP sample. However, the EARS would benefit
from further evaluation of construct validity, for example,
discriminant and convergent validity, in order to be regarded
a robustly tested measure.

Future research

It might be valuable to investigate the validity of the EARS
alongside an objective activity device. However, the pre-
scribed exercise would need to be capable of being captured
in this way and measuring adherence using electronic devices
can be classed as an intervention in itself, which may affect
the validity of data obtained [15]. Additionally, it would be
advantageous to further validate the EARS in populations
where exercise is known to be of benefit, for example, type
II diabetes [34].

Conclusion

Research shows that people with chronic illness are often
non-adherent to prescribed exercise, however ways of mea-
suring adherence are unsatisfactory. The EARS may provide a
simple, standardised, reliable assessment of adherence to pre-
scribed home exercise. This may facilitate the development
and evaluation of interventions that encourage long-term self-
management for both the prevention and treatment of chronic
conditions.
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wich Research Ethics Committee (10/H0808/9).
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Supplementary data associated with this arti-
cle can be found, in the online version, at
http://dx.doi.org/10.1016/j.physi0.2016.11.001.
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