
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Developing digital health interventions for falls prevention
An innovative user-centered design approach
Groos, S.S.

Publication date
2025

Link to publication

Citation for published version (APA):
Groos, S. S. (2025). Developing digital health interventions for falls prevention: An innovative
user-centered design approach. [Thesis, externally prepared, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, P.O. Box 19185, 1000 GD Amsterdam, The Netherlands.
You will be contacted as soon as possible.

Download date:11 Feb 2026

https://handle.uba.uva.nl/personal/pure/en/publications/developing-digital-health-interventions-for-falls-prevention(dc3daff0-e679-4bbc-807b-5b8dbe4845ca).html


24

Chapter 2
Combining user-centered design and behavioral 
theory to enhance health technologies:
A personas-based approach for a primary
care-based multifactorial falls risk assessment tool

Groos, S. S., Linn, A. J., Kuiper, J. I., Van Schoor, N. M., Van der 
Velde, N., & Van Weert, J. C. (2024). Combining user-centered
design and behavioral theory to enhance health technologies: 
A personas-based approach for a primary-care based multifactorial 
falls risk assessment tool. International Journal of Medical Informatics, 
186, 105420. https://doi.org/10.1016/j.ijmedinf.2024.105420 
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Abstract

Introduction

Methods

Results

Conclusion

Multifactorial falls risk assessment tools (FRATs) can be an 
effective falls prevention method for older adults, but are often 
underutilized by health care professionals (HCPs). This study 
aims to enhance the use and implementation of multifactorial 
FRATs by combining behavioral theory with the User-Centered 
Design (UCD) method of personas-construction. Specifically, 
the study aimed to (1) construct personas that are based on 
external (i.e., needs, preferences) and intrinsic user character-
istics (i.e., behavioral determinants); and (2) use these insights 
to inform requirements for optimizing an existing Dutch multi-
factorial FRAT (i.e., the ‘Valanalyse’). 

Survey data from HCPs (n = 31) was used to construct 
personas of the ‘Valanalyse.’ To examine differences 
between clusters on 68 clustering variables, a multivariate 
cluster analysis technique with non-parametric analyses and 
computational methods was used. The aggregated external 
and intrinsic user characteristics of personas were used to 
inform key design and implementation requirements for the 
‘Valanalyse,’ respectively, whereby intrinsic user characteristics 
were matched with appropriate behavior change techniques to 
guide implementation.

Significant differences between clusters were observed in 
20 clustering variables (e.g., behavioral beliefs, situations for 
use). These variables were used to construct six personas 
representing users of each cluster. Together, the six personas 
helped operationalize four key design requirements (e.g., guide 
treatment-related decision making) and 14 implementation 
strategies (e.g., planning coping responses) for optimizing the 
‘Valanalyse’ in Dutch geriatric, primary care settings.

The findings suggest that theory- and evidence-based 
personas that encompass both external and intrinsic user 
characteristics are a useful method for understanding how 
the use and implementation of multifactorial FRATs can be 
optimized with and for HCPs, providing important implications 
for developers and eHealth interventions with regards to 
encouraging technology adoption.
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Introduction

Falls are among the leading causes of injury and accidental death in 
older adults (65+; WHO, 2021). Falls are a result of several risk factors, 
and improving modifiable factors is a recommended and effective falls 
prevention method when screened appropriately (Chang et al., 2004; Jehu 
et al., 2021; Montero-Odasso et al., 2022; Phelan et al., 2015). Evidence-
based multifactorial falls risk assessment tools (FRATs) guide health care 
professionals (HCPs) in the (1) early risk stratification and assessment of 
modifiable risk factors in older adult fallers, and (2) selection of tailored 
interventions to effectively treat detected risk factors. Despite multifactorial 
FRAT implementation showing reduced falls and increased health quality 
in older adults in primary care, adoption remains low (Casey et al., 2016; 
Shubert et al., 2014; Vincenzo et al., 2021; White, 2020).

The development of multifactorial FRATs is primarily centered around 
ensuring the tool’s clinical usefulness in a particular setting (McKay & 
Anderson, 2010). Multifactorial FRATs are therefore perceived as useful 
by HCPs for effective screening of older adult fallers in primary care 
(Casey et al., 2016). However, little attention is given to the tool’s usability 
during development. Prior work highlights that multifactorial FRATs 
are perceived by HCPs as difficult to use, time consuming, and poorly 
integrated into workflows, suggesting that the usability of tools are not 
designed to fit the needs of users, resulting in low usage and consequently, 
adoption rates (Casey et al., 2016; McKay & Anderson, 2010; Shubert et 
al., 2014; Vincenzo et al., 2021). It is thus essential to explore how the use 
of multifactorial FRATs can be improved for users to encourage adoption 
and subsequently, realize the promising effects of such tools for falls risk 
management.

Research has suggested that adopting a User-Centered Design (UCD) 
approach to development could address the usability issues associated 
with multifactorial FRATs (Zhang et al., 2020). UCD is an iterative design 
process, whereby knowledge from users is sought throughout development 
starting from inception (Abras, Maloney-Krichmar, et al., 2005; Kujala, 
2003; Norman & Draper, 1986). A method that is commonly used at 
inception is constructing personas. Personas are fictitious user descriptions 

2
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that represent the ‘at-large’ needs of unique user groups. Personas facilitate 
user-focused thinking and decision-making in designers with research 
demonstrating the methods value in designing eHealth interventions 
(Bierbooms et al., 2021; Ledel Solem et al., 2020). Prior work has outlined 
two methodological approaches to personas-construction. The first approach 
is centered around aggregating distinct external user characteristics (e.g., 
needs, context, intuitive processes) to ensure the optimal usability of 
products (Abras et al., 2005; Albert & Tullis, 2023; Garrett, 2003; Goodman 
& Kuniavsky, 2012; Holden et al., 2017; Ledel Solem et al., 2020; LeRouge 
et al., 2013; Sandholdt et al., 2020; Witteman et al., 2015). The second, 
more novel approach is focused on eliciting intrinsic user characteristics 
using behavioral theory (Jansen et al., 2017) Specifically, in a case study 
involving users of a coaching app, Jansen et al. (2017) leveraged Self 
Determination Theory in personas-construction to identify for whom 
behavior was intrinsically regulated, and the unique determinants of change 
(i.e., intrinsic user characteristics) that drove this behavior, such as need 
for autonomy. Despite Jansen et al. (2017) providing valuable insight into 
the elicitation of intrinsic user characteristics in personas-construction, the 
authors did not examine how identified determinants of change can guide 
subsequent development, such as the use of theory-based methods aimed 
at changing behavior in interventions (i.e., implementation strategies; 
Bartholomew et al., 2011).

Personas research often includes either intrinsic or external user 
characteristics (Bierbooms et al., 2021; Holden et al., 2017; Jansen et 
al., 2017; Ledel Solem et al., 2020; LeRouge et al., 2013). However, 
personas that include both intrinsic and external user characteristics 
may more accurately reflect ‘real-world’ users. Given that both types 
of user characteristics have been shown to play an important role in 
health technology adoption, this results in missed opportunities for the 
development of health technologies (Garavand et al., 2016; Jacob et al., 
2020). Health technologies that only cater to external user characteristics 
may not be as sufficient at encouraging adoption, as the development of 
these technologies solely focuses on improving the usability for users 
thereby neglecting potential behavioral determinants that facilitate adoption. 
On the other hand, if strategies for implementing the health technology
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only target intrinsic user characteristics, such as relevant behavioral 
determinants predicting adoption, than adoption may be hindered by the 
poor usability and consequently, use of the technology. As such, combining 
UCD and behavioral theory to construct personas that encompass both 
external and intrinsic user characteristics can be used to increase adoption 
by improving the use and implementation of health technologies. Thus, 
the aim of this paper is to (1) develop personas that are based on external 
and intrinsic user characteristics; and (2) use these personas to identify 
requirements for improving the use and implementation of a Dutch 
multifactorial FRAT.

Materials and Methods

Choice of behavioral theory and multifactorial FRAT

To elicit the intrinsic user characteristics of users, we measured the 
behavioral determinants derived from the Integrated Model of Behavioral 
Prediction (IMBP) framework as shown in Fig. 1. The IMBP framework 
is a behavior change theory that posits that certain beliefs and barriers 
about a given behavior and related perceptions can positively or negatively 
influence an individual’s intention to perform the given behavior, which is a 
strong predictor of actual behavior (Fishbein & Ajzen, 2011). 

Developed by VeiligheidNL, the Dutch National Expert Center on Injury 
Prevention, the ‘Valanalyse’ makes use of validated questionnaires and 
functional assessments to aid primary care-based HCPs in screening for 13 
(modifiable) risk factors for falls. The assessment is followed by selecting 
the appropriate preventive action (e.g., referral to a specialist) for each 
detected risk factor (VeiligheidNL, n.d.).

2
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Procedure

The research team recruited participants (N = 31) with the help of relevant 
stakeholders including GGD Amsterdam (i.e., the Public Health Department 
of Amsterdam), Elaa (i.e., a partner for healthcare and welfare in Amsterdam 
and Almere) and VeiligheidNL. A call for participants about the study with 
the survey link embedded was written by the research team. Sampling was 
done using a non-probability sampling approach. Specifically, the call for 
participants was distributed via email to a list of primary care-based HCPs 
in the Netherlands by the first author and via a news message leveraging 
the online communication channels of relevant stakeholders (e.g., monthly 
newsletter). A participant was included in the study if they were a HCP 
working in primary care in the Netherlands such as a physical therapist, 
general nurse practitioner, or district nurse; and current or past user of the 
‘Valanalyse.’ Personalized reminder emails were sent to the list of primary 
care-based HCPs by the first author to increase the response rate after one 
month. Data was collected between July 2021 and October 2022 using 
the online survey software Qualtrics. The survey measured participants 
intrinsic (e.g., attitudes), external (e.g., situations for use), and background 
user characteristics (e.g., demographics; Fishbein & Ajzen, 2011; Witteman 
et al., 2015). The study was evaluated by the Medical Ethics Assessment 
Committee of the Amsterdam University Hospital (Amsterdam UMC, 
location AMC; W21_179 # 21.194) and declared that the Medical Research 
Involving Human Subjects Act does not apply to this study. Informed 
consent was obtained from all participants.

Survey measures

Table S1 in the supplemental materials displays the item wordings, answer 
scales, Cronbach’s alphas, and descriptive statistics, where relevant. 

Intrinsic user characteristics 

Following IMBP, we compiled a list of salient beliefs, normative referents 
and barriers relating to falls risk management (Ajzen, 2006; Fishbein & 
Ajzen, 2011; Francis et al., 2004). For this, the first author reviewed both

2
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research reports from VeiligheidNL examining implementation barriers 
to falls risk screening in practice, and relevant falls prevention literature 
(Liddle et al., 2018; Mackenzie & McIntyre, 2019; Van Rhyn & Barwick, 
2019). A total of four behavioral beliefs, two normative beliefs, and 
11 implementation barriers were identified and used to construct the 
IMBP measures for the survey. Participants behavioral beliefs, outcome 
evaluations associated with each behavioral belief, normative beliefs, 
motivation to comply with each normative belief, and perceived barriers 
were measured using Likert-scales. Additionally, participants were asked to 
report how often each barrier actually occurred in practice (i.e., 1 = never 
to 4 = always). To compute the fraction of occurrence for each barrier, the 
four-point occurrence scale was recoded into a two-point occurrence scale 
(0 = barrier occurred sometimes and 1 = barrier occurred often; Brandes 
et al., 2015; Van Weert et al., 2009). Composite scores for the barriers 
were then calculated by multiplying the recoded fraction of occurrence of 
each barrier score with the perceived barrier score following the QUOTE 
(Quality of care through the patient’s eyes) methodology described in Van 
Weert et al. (2009). For example, when a barrier occurred often according 
to 87,5% users and the mean perceived barrier score for that barrier was 6 
on a seven-point scale, the QII score was labelled as 0.875 x 6 = 5.25. A QII 
score of .60 or greater indicated a potential barrier and a QII score of 1.75 or 
greater an influential barrier (Brandes et al., 2015; Van Weert et al., 2009).

Attitude was measured on a semantic differential scale using six items 
(Brandes et al., 2016). Three-items by Francis et al. (2004) measuring 
perceived norms toward implementation were adapted to fit the context 
of this study, and measured using a Likert-scale. For both attitude and 
perceived norms, internal consistency between items was assessed and, 
where necessary, items were removed to improve consistency. The 
remaining items were averaged where higher scores indicate more positive 
attitudes and perceived norms toward implementation, respectively. In turn, 
perceived behavioral control was assessed with one item using a semantic 
differential scale. Two-items were used to evaluate participants behavioral 
intention towards tool implementation using a Likert scale. Items were 
averaged, with higher scores indicating higher behavioral intention.

2
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External user characteristics 

Context of use was assessed by examining situational and environmental 
cues to use. Intuitive process was assessed by evaluating whether 
participants encountered usability problems with the ‘Valanalyse,’ and how 
they intuitively solve these problems in practice (Witteman et al., 2021). 
Using multiple-choice items derived from research reports by VeiligheidNL, 
participants were presented with a list of eight situations for using the 
‘Valanalyse,’ four usage environments for the ‘Valanalyse,’ eight usability 
problems with the ‘Valanalyse,’ and five solutions to use. Participants were 
provided with 12 identified needs for successful implementation of the 
‘Valanalyse’ in practice and asked whether addressing each need would 
increase their likelihood of implementing the tool into practice on a Likert 
scale.

Background user characteristics 

Participants were asked to indicate their age, sex, profession, number of 
years worked, an estimation of their older client base as a percentage, and 
an estimation of the consultation time per client. To assess prior experience 
with the ‘Valanalyse,’ participants were asked questions related to tool use 
(e.g., advice adherence). 

Data analysis

Personas-construction 

The statistical software IBM SPSS Statistics v.28.0.1 was used for data 
cleaning and analysis. Preceding data analysis, the data was cleaned and 
non-users of the ‘Valanalyse’ were excluded from the dataset (n = 30) 
yielding to a final dataset of n = 31. We then followed Holden et al. (2017) 
proposed steps for personas-construction by performing a Hierarchical 
Cluster Analysis (HCA), comparing identified clusters, and creating 
personas depicting users from the identified clusters. HCA is regarded as an 
effective clustering technique when clustering variables in high-dimensional 
low sample size data (Von Borries & Wang, 2009).  Its validity has been
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demonstrated in sample sizes of  ≤ 30 (Holden et al., 2017; Liu et al., 2008). 
The survey measures were used to perform the HCA with Ward’s method 
in which participants were grouped into six clusters based on similar user 
characteristics (Holden et al., 2017). Each cluster represented a distinct 
group of users of the ‘Valanalyse’ and a persona that was representative of 
the users in a given cluster was constructed. Differences between clusters 
on clustering variables were examined through non-parametric analyses 
including Kruskal-Wallis Analysis of Variance, Fisher’s Exact Test and 
Welch’s Analysis of Variance (Holden et al., 2017). Non-parametric analyses 
are suggested for overcoming issues with small sample sizes (Tomarken & 
Serlin, 1986). An input variable qualified for personas-construction when 
it yielded a statistically significant difference, and the cluster value was 
then determined using different methods of computation (Holden et al., 
2017). For ordinal variables (e.g., beliefs), values were transformed into a 
z-score between < -0.40 or  > 0.40. The pertaining z-score was then used 
to provide a saliency label for each cluster ranging from ‘Most’, ‘More’, 
‘Less’, or ‘Least’ salient. For example, when a belief z-score for a given 
cluster was the highest (i.e., z-score > 0.40) or the lowest (i.e., z-score 
< -0.40) compared to all other clusters, then that personas description 
received a label of ‘Most likely to believe…’ or ‘Least likely to believe…’, 
respectively. A variable was omitted from the personas descriptions due 
to non-saliency when the z-score for a cluster was between -0.40 and 
0.40. Cluster proportions were examined to determine the cluster label 
for nominal variables. For example, regarding situations for use, a cluster 
received a definite label when all users used or did not use the ‘Valanalyse’ 
in a situation (e.g., ‘Part of routine care…’). Clusters received a label of  
‘Likely’ or ‘Not likely’ when proportions were skewed towards one side, 
and a label of ‘Possibly’ when proportions were even. Cluster means were 
used to determine the cluster value for all interval variables (e.g. age; 
Holden et al., 2017). Lastly, barriers with a quality impact indices (QII) 
of 1.75 or higher were perceived as influential for the cluster and were 
incorporated in the personas description for that cluster (Van Weert et al., 
2009).

2
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Operationalizing design and implementation requirements 

The personas external user characteristics were used to inform key design 
requirements for improving the usability of the ‘Valanalyse’ through the 
aggregation of user needs. In turn, the personas intrinsic user characteristics 
were matched with behavior change techniques using the taxonomy of 
behavior change methods to inform implementation strategies for the 
‘Valanalyse’ (Bartholomew et al., 2011; Kok et al., 2016).

Results

The final dataset used for analysis (n = 31) comprised mostly of physical 
therapists (42%, n = 13) followed by occupational therapists (16%, n = 
5), exercise therapists (16%, n = 5), and general nurse practitioners (13%, 
n = 4). The majority (87%) of participants were female, the mean age 
was 46.4 years old (SD = 13, range 41.6 – 51.2), and the mean number of 
years worked was 16.3 years (SD = 13, range 11.5 – 21.1). On average, 
participants reported having an older client base of 71% (SD = 22.8, range 
20 – 100). The average consultation time per older client was 48 minutes 
(SD = 38.6, range 33.8 – 62).

Personas-construction 

The HCA and Ward’s method was performed to produce six distinct clusters 
as shown in the dendrogram in Fig. 2. Each cluster represented a distinct 
group of users of the ‘Valanalyse’ with clusters ranging between two and 
eight in size. 

2
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Fig 2. Dendrogram showing six distinct clusters.
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Significant differences in characteristics between clusters were observed in 
20 out of 68 variables (see Table S2 for test, p-values, cluster values and QII 
of barriers used to generate Table S3 in the supplemental materials). These 
characteristics were used to develop fictitious user descriptions representing 
six unique personas of the ‘Valanalyse’ that aimed to capture the ‘at-large’ 
needs of users in clusters one (n = 8), two (n = 6), three (n = 7), four (n = 
2), five (n = 4) and six (n = 4). The final personas Anne, Bethany, Carmen, 
Dennis, Eva, and Francis are portrayed in Fig. 3.

2

Fig 3. Final personas Anne, Bethany, Carmen, Dennis, Eva, and Francis. 
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Key design requirements and implementation strategies 

Regarding design requirements, the external user characteristics of the 
personas (e.g., environments for use) helped identify several areas for 
improvement which were aggregated into four key requirements (see Table 
1). These requirements have been leveraged in the development of an online 
prototype for usability testing (i.e., the ‘Valanalyse 2.0’) which will serve as 
a first step toward improving the use of the multifactorial FRAT. 
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Design 
requirement

External 
characteristics

Design requirement 
description

1. Enhance 
assessment 
efficiency

Administration 
time too long 
(A, B, C, D, E)

The tool should enhance 
work efficiency by 
reducing completion 
time and the cognitive 
effort that users expend 
with regard to risk factor 
assessment.

Problems with 
inquiring about
risk factors
(A, D, E)

Skips sections in 
the tool (A, D, E, F)

2. Guide 
treatment-related 
decision making

Problems with 
recommending 
appropriate 
interventions 
(A, D, E)

The tool should guide 
users in the decision 
making process for the 
treatment of detected risk 
factors.

3. Provide 
different options 
for data entry

Paper and pencil 
(A, B, D)

The tool should be catered 
to different entry methods.

On the computer
(C, E)

Hybrid method (F)

4.  Improve 
adaptability 
across different 
usage contexts

Conducts the 
assessment in 
practice (A, C, D, E)

The tool should be useful 
in different contexts 
of use whereby the 
assessment of risk factors 
is easily carried out both 
in and outside of the 
usual practice setting 
following a single care 
or multidisciplinary care 
approach.

Conducts the 
assessment at 
clients homes (B)

Conducts the 
assessment in 
nursing homes (B)

Collaborates with 
other professionals 
(B, D, F)

Table 1. Key design requirements for the ‘Valanalyse.’

Note. A = Anne, B = Bethany, C = Carmen, D = Dennis, E = Eva, and F = Francis.



39

2

The intrinsic user characteristics of the personas helped determine behavior 
change strategies for implementing the ‘Valanalyse’ into primary care and 
were guided by the taxonomy of behavior change methods (Bartholomew 
et al., 2011; Kok et al., 2016). This taxonomy provides a comprehensive 
overview of theory-based methods that are designed to change behavior 
in interventions by targeting one or more behavioral determinants 
(Bartholomew et al., 2011). A total of 14 behavior change techniques were 
classified and translated into implementation strategies that fit the context of 
this study (see Table 2). 
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Discussion

This study demonstrated how combining UCD and behavioral theory 
can optimize personas-construction and subsequent health technology 
development in a geriatric, primary care context. We successfully 
constructed six personas of a Dutch multifactorial FRAT (i.e., the 
‘Valanalyse’) using a quantitative approach and centered data collection 
around eliciting both external (i.e., UCD measures) and intrinsic (i.e., 
IMBP measures) characteristics of HCPs. Additionally, we showcased 
how external (e.g., intuitive processes, contexts of use) and intrinsic (e.g., 
behavioral beliefs) nuances across personas helped identify a total of four 
key design requirements and 14 behavior change techniques for enhancing 
the use and implementation of the ‘Valanalyse,’ respectively.  

There is a clear need for developers of multifactorial FRATs to look beyond 
the tool’s clinical usefulness and start exploring how the tool’s usability can 
be maximized for users by incorporating UCD methods, such as personas-
construction (McKay & Anderson, 2010). By constructing personas of the 
‘Valanalyse,’ we were able to identify several requirements for optimizing 
the use of multifactorial FRATs as a whole and the ‘Valanalyse’ specifically. 
Previous research has identified time as an important facilitating factor for 
adopting multifactorial FRATs (Casey et al., 2016; McKay & Anderson, 
2010; Shubert et al., 2014; Vincenzo et al., 2021). In line with previous 
research, the need to enhance assessment efficiency was found across 
all six of our ‘Valanalyse’ personas. This result has important practical 
implications for the development of multifactorial FRATs highlighting how 
developers of these tools should prioritize the incorporation of time-saving 
functionalities during development, as well as evaluate the added value 
of these functionalities in practice. More importantly, our personas helped 
identify user needs that were specific to the ‘Valanalyse.’ Interestingly, we 
found that the environment for use (e.g., alone in practice, multidisciplinary) 
and entry method (e.g., paper and pencil, computer) varied greatly between 
and within personas. For example, Francis (Persona F) uses the ‘Valanalyse’ 
in a multidisciplinary environment only, whereas Bert (Persona B) uses 
the ‘Valanalyse’ in three different environments, alternating entry methods 
within each environment. For developers and researchers, such variations

2
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between and within personas of a particular health technology can be 
useful for determining the subsequent step in the development process, 
such as making improvements to the user experience to further encourage 
technology adoption (Partala & Saari, 2015). In the context of this study, 
we conducted a follow-up study with users to gain insight into the different 
contexts of use, and how the tool’s adaptability within these contexts can 
be optimized in order to improve the user experience of the ‘Valanalyse’ for 
users.

Although past research has demonstrated how intrinsic user characteristics 
can be elicited in personas through behavioral theory by applying 
qualitative methods, this study is novel as it demonstrated how such 
user characteristics can be elicited alongside key external ones through 
behavioral theory by applying quantitative methods (Jansen et al., 2017). 
We found that certain beliefs and barriers held by personas are hindering 
the successful implementation of the ‘Valanalyse’ into practice, which are 
also reflected across the literature (Ackerman et al., 2020; Barmentloo et 
al., 2020; McConville & Hooven, 2021). However, the strength of these 
beliefs and barriers fluctuated greatly between personas, suggesting that 
the position along the behavior change continuum varies between users, 
providing important implications for eHealth interventions. First, such 
insights into intrinsic user characteristics can give a clear understanding 
as to why different types of users are or are not performing the desired 
behavior, which is a key requirement for successful behavior change (Kok 
et al., 2016). Second, such insights can be used to inform behavior change 
strategies that effectively target identified determinants that aim to keep 
or advance a user’s position along the behavior change continuum. In this 
study, we matched the identified intrinsic user characteristics of personas 
with behavior change techniques using the taxonomy of behavior change 
methods and translated these techniques into implementation strategies 
that could be integrated into a training module for the ‘Valanalyse’ 
(Bartholomew et al., 2011; Kok et al., 2016). For example, a behavioral 
belief held by HCPs, such as having less time to assess for competing 
comorbidities, could be effectively changed by acknowledging the negative 
belief (i.e., cultural similarity) and by assuring users that they can cope 
with and reframe from said belief in practice (i.e., direct experience; 
Bartholomew et al., 2011; Kok et al., 2016).
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Strengths and limitations

A strength of this study is the elicitation of both external and intrinsic user 
characteristics in personas to inform requirements for improving the use 
and implementation of multifactorial FRATs in general and the ‘Valanalyse’ 
specifically. A limitation is that the majority of user data used for personas-
construction came from physical therapists and users of the ‘Valanalyse.’ 
While interesting as the findings suggest how, even within a profession, 
users may differ with regards to their needs and behavioral determinants, 
more research is needed to determine whether this holds true for other 
professional groups as well. Moreover, a fruitful area for future research is 
to replicate this study among non-users to examine which requirements may 
enhance the use and implementation of multifactorial FRATs among this 
cohort.  

Another strength of this study is the use of quantitative methods for 
personas-construction. This allowed for a systematic personas-construction 
approach, such as identifying distinct groups of users through clustering 
followed by examining differences between personas post clustering. As 
a result, we were able to detect important differences in tool use between 
users that helped inform requirements for the design of the optimized tool. 
However, a limitation of employing a quantitative approach to personas-
construction, is that our personas could not provide insight into how these 
requirements can be operationalized in the tool, such as how to enhance 
the tool’s adaptability across different usage contexts for an improved user 
experience. Future research may benefit from a mixed-methods approach to 
personas-construction including both quantitative and qualitative methods.

Conclusion

This paper showcased how combining UCD and behavioral theory 
can optimize personas-construction and subsequent health technology 
development using a geriatric, primary care context. Based on important 
external and intrinsic user characteristics six personas were developed 
for maximizing the use and implementation of a multifactorial FRAT. 
Enhancing assessment efficiency and improving the adaptability of tools

2
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to different usage contexts were identified as important external user 
characteristics for using multifactorial FRATs in practice. In turn, intrinsic 
user characteristics, such as negative beliefs towards multifactorial FRATs 
and barriers, should be targeted with appropriate behavior change techniques 
and used for the implementation of multifactorial FRATs. As illustrated 
here, eliciting external and intrinsic user characteristics in personas-
construction is highly useful for developers of eHealth interventions. Such 
personas can be used by developers to increase the likelihood of adoption of 
health technologies, as they provide simultaneous insight into the usability- 
and behavior change-related requirements for different types of users.
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