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Abstract. Physical activity is a key component in secondary prevention for pa-

tients with cardiac disease. Patients often face challenges to reach and sustain an 

appropriate level of physical activity. While guidance of caregivers is essential 

in the initial stage of rehabilitation, personalised approaches that take into ac-

count patient preferences provide opportunities for successful lifestyle interven-

tions. In a recent RCT, we evaluated such a shared decision making approach that 

includes patient preferences for physical activity. Both caregivers and patients 

were supported by digital tools. Results of the RCT show the effectiveness of 

shared decision making supported by digital tools on physical activity. Quality 

of life and exercise capacity significantly increased after the 12-week interven-

tion, and a significant increase in daily step count was observed in the interven-

tion group. In this paper, we present a secondary analysis of the collected data 

from a Human-Computer Interaction perspective, in search of the added value of 

digital tools in effective shared decision making. With this aim, we depict our 

hypotheses as a theoretical model with technology-related and rehabilitation pro-

cess related constructs and investigate their correlation with the outcomes. This 

approach enhances insights in factors that determine the effectiveness of digitally 

supported shared decision making. Although the model cannot extensively clar-

ify all contributing factors, the secondary analysis reveals a need for personalisa-

tion. 
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1 Introduction 

After suffering from a cardiac event or when being diagnosed with a cardiovascular 

disease, patients should be referred to cardiac rehabilitation or a secondary prevention 

trajectory [1], [2]. Cardiac telerehabilitation is an interesting alternative for patients that 

experience barriers to attend centre-based rehabilitation, such as transportation prob-

lems or scheduling problems in combination with their job, and has proven to be effec-

tive [3] and cost-effective [4]. Research efforts also explore the combination of centre-

based and telerehabilitation [5], to come up with flexible but intensive rehabilitation 

trajectories [6]. It is indeed observed that tailoring is limited in most rehabilitation tra-

jectories. Former research found that true involvement of patients in decision making 

improves satisfaction, adherence, and health outcomes [5], [7]. 

To evaluate the effectiveness of shared decision making (SDM), supported by digital 

tools, in cardiac rehabilitation for secondary prevention, we performed a randomised 

controlled trial (RCT)[8]. The SharedHeart study was approved by the ethical commit-

tees of Jessa Hospital and UHasselt. While contemporary cardiac rehabilitation prefer-

ably engages patients in a comprehensive trajectory, integrating different components 

such as physical activity training, healthy nutrition advice, medication management, 

education and support for smoking cessation and stress management, our study focused 

on a SDM approach for physical activity. The control group participated only in centre-

based rehabilitation sessions and was motivated to train at home without concrete sup-

port, whereas the intervention group engaged in a hybrid trajectory. In addition to the 

centre-based rehabilitation sessions, participants in the intervention group were guided 

in shared decision making encounters facilitated with the SharedHeart dashboard, and 

their home-based training was supported by the SharedHeart mobile app. 

The results of the RCT show significant between-group differences for the primary 

outcome, change in quality of life (HeartQoL questionnaire [9]) and for the secondary 

outcomes, among which the increase in exercise capacity (VO2 peak) and increase in 

physical activity level (change in average daily steps). These findings confirm the en-

hanced effectiveness of the applied hybrid shared decision making approach compared 

to the centre-based rehabilitation only. However, given several differing factors be-

tween the intervention group and the control group, including the use of the 

SharedHeart mobile app and the shared decision making encounters supported by the 

SharedHeart dashboard, it is not straightforward to determine the dominant factors of 

the approach that cause the superiority of the digitally supported SDM trajectory.  

In this paper, we report on a secondary analysis we performed in search for deter-

mining important components of the applied digitally supported SDM. A mixed-meth-

ods approach is followed, and we ground the analysis on findings from literature. More 

specifically, we constructed the theoretical model visualised in Fig. 1 to frame our anal-

ysis and rationale. 
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Fig. 1. Theoretical model with hypothesised correlations between constructs represented by col-

oured rectangles. Constructs in grey rectangles are technology related, blue rectangles relate to 

the rehabilitation process, and outcomes are represented in green. 

The rationale is that SDM is known to improve the satisfaction on the rehabilitation 

approach [7], [10], so we are wondering if the satisfaction correlates to the outcomes 

and what the satisfaction is influenced by. As guideline-based exercise prescriptions 

are used [11], [12], it can be assumed that higher adherence to the therapy positively 

influences the outcomes [13]. From our Human-Computer Interaction perspective, we 

are particularly interested in the role digital technology can play to reach positive results 

in an SDM approach. The upper left part of the theoretical model is inspired by the 

TAM Technology Acceptance Model [14], [15], [16], [17], which includes the assump-

tion that people’s intention to use technology is (indirectly) influenced by its usability 

/ ease of use and its perceived usefulness. Furthermore, we hypothesise that usability 

and usefulness eventually lead to better adherence, as measured by reporting via the 

mobile app. This perspective on adherence seems conceptually linked to sustained us-

age of the mobile app. Intuitively, one expects motivation to influence the rehabilitation 

trajectory and its outcome. In a digitally supported SDM approach, it is hypothesised 

that the application contributes to motivating the rehabilitating person to sustain the 

physical exercise efforts. Being aware of good adherence, is also hypothesised to posi-

tively influence the motivation to exercise. 

In the remainder of this paper we describe the methods applied for the secondary 

analysis. After highlighting some results for individual constructs from the theoretical 

model, we report on correlations that were found between the constructs. We conclude 

by reflecting on the gained insights and limitations of this study, as well as implications 

for future designs of applications supporting shared making. 
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2 Methods 

2.1 Summary of the RCT study 

The SharedHeart study was a monocentric, prospective randomised controlled clinical 

trial for which patient recruitment took place in Jessa Hospital (end 2022 – end 2023). 

80 cardiac patients were recruited and randomised 1:1 to the control group or interven-

tion group. Study duration per participant is 12 weeks, and primary outcome was qual-

ity of life [9]. 

Both the participants in the control group and in the intervention group followed 

regular centre-based rehabilitation, consisting of 2 or 3 supervised training sessions a 

week. 

The patients in the intervention group received additionally an SDM approach sup-

ported by digital tools: a tablet application used in their initial visit to select physical 

activity preferences, and a mobile app to manage their physical activity also at home. 

Features of the mobile app are intended to increase adherence to the training program 

and include: plan and report their physical activities (structured exercise and other daily 

activities), check their progress with respect to the weekly training goal, consult educa-

tional videos, and work with personalised exercise programs. 

 

Fig. 2. Snapshot – cropped screenshot from actual SharedHeart mobile application - showing 

weekly training goal (left) and daily activity reporting (right) in mobile app. 

The dashboard allows caregivers to monitor the physical activity reports of their pa-

tients. Furthermore, the dashboard for caregivers was designed in such a way that some 

parts facilitate communication between patients and caregivers (cardiologist or physi-

otherapist) during an SDM encounter. For instance, the training program and progress 

over the weeks is visualised to be understandable for patients and to facilitate discus-

sion. SDM encounters are not shaped as extra visits on top of the centre-based training 

sessions, but some sessions are transformed in an SDM encounter by using the dash-

board to give feedback on the patient’s performance and involve the patient in decisions 

regarding the training program. During the first 6 weeks there are weekly SDM encoun-

ters, after which they are planned every two weeks. 

The dashboard also gives access to the EXPERT tool [11], [12], a decision support 

tool that recommends tailored exercise taking into account the individual health 
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characteristics of the patient. The EXPERT tool is used in both groups of the study, but 

the mobile app guides the patients in the intervention group somehow to adhere to the 

exercise prescription. 

We refer the reader to [18] for a more detailed description of the user-centred design 

process of the SharedHeart applications and the application features. The study design 

and results of the RCT from a medical perspective are published in the SharedHeart 

article in the European Journal of Preventive Cardiology[8].  

 

2.2 Data collection 

Rather than giving a detailed overview of all data that were collected in the RCT, we 

will limit ourselves to the most important data items that are considered in the second-

ary analysis (see Table 1). 

Table 1. Overview of most important measures taken at T0 (start of rehabilitation or end of week 

1), T1 (in the middle, around week 6) and T2 (end of study, mostly week 12), in control group 

(C) and/or intervention group (I). Representative selection of medical tests and questionnaires. 

 
Measures  T0  T1 T2 Groups  Notes / examples 

CPET  X X X C+I VO2peak and related measures 

HeartQoL X  X C+I Quality of life (standard question-

naire [9]) 

Average daily step 

count 

X  X C+I With Fitbit Charge 

Diary of physical ac-

tivity 

X  X C Paper-based reporting of structured 

exercise and daily activities 

Background ques-

tionnaire 

X   C+I Ad hoc questionnaire on de-

mographics, digital and health liter-

acy 

Preferences question-

naire 

X   I Ad hoc questionnaire on physical 

activity preferences, via tablet appli-

cation 

Perception of rehabil-

itation questionnaire 

X X X C+I Ad hoc questionnaire on motivation, 

satisfaction, anxiety, health literacy, 

involvement in rehabilitation and 

decision making etc. 

General approach 

questionnaire 

  X C+I Ad hoc questionnaire on overall per-

ception of rehabilitation 

Design mobile app   X I Ad hoc questionnaire on design de-

tails and usability / usefulness 

Application logs X X X I App usage, used features 

Semi-structured in-

terview 

  X I Discusses user experience and per-

ception of rehabilitation / SDM 

2.3 Data analysis 

In the theoretical model, introduced in the introduction, we mention the different con-

structs in a general way. More detailed measurements of the constructs, based on the 
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collected data, are used to calculate correlations between the constructs to validate the 

theoretical model. An overview of the collected data used for the correlation calcula-

tions is presented in Table 2. 

Table 2. Constructs as used in the theoretical model, and their measurement or collected data 

Construct in the 

theoretical model 

Data collected / measurement used in correlation calculations 

Usage (structured 

exercise) 

Total number of structured exercise reports completed by a patient 

over 12 weeks 

Usability The average per patient of their score for ease of use and ease of 

understanding for the whole application (each of which is rated via 

the ad hoc design questionnaire), taken at T2 

Usefulness The patient's score for the perception of usefulness of the whole ap-

plication (rated via the ad hoc design questionnaire), taken at T2  

Motivation for be-

haviour change 

The patient's score for the question "How motivated are you at this 

moment to change your health behaviour through rehabilitation" (in 

the questionnaire Perception on rehabilitation), taken at T2 

Motivation to en-

gage in physical ex-

ercise 

The patient's score for the question "How motivated are you at this 

moment to engage in physical exercise?" (in the questionnaire Per-

ception on rehabilitation), taken at T2  

Satisfaction with 

training program 

The patient's score for the question "How satisfied are you with 

your current training program?"  (in the questionnaire Perception on 

rehabilitation), taken at T2 

Adherence 

(minutes) 

For each patient, the average percentage over 12 weeks for the ad-

herence to the EXPERT prescription, for the minimum minutes pre-

scribed per week 

Adherence (ses-

sions) 

For each patient, the average percentage over 12 weeks for the ad-

herence to the EXPERT prescription, for the recommended number 

of sessions prescribed per week 

HeartQoL The global quality of life score calculated via the question-

naire HeartQoL, taken at T2  

HeartQoL (Physi-

cal) 

The sub-score for physical quality of life calculated via the ques-

tionnaire HeartQoL, taken at T2 

HeartQoL (Emo-

tional) 

The sub-score for emotional quality of life calculated via the ques-

tionnaire HeartQoL, taken at T2 

Exercise capacity The value of Vo2max, measured at T2 

Physical activity 

level 

The average daily step count taken at T2 

 

This secondary analysis is done with the data collected in the RCT. 80 patients were 

randomised, with 6 dropouts of 40 in the intervention group and 4 dropouts of 40 in the 

control group. 

For the analyses in the current study, we maximally use participant data, but only 

when the data is available for all needed time points (T0, T1, T2) that are needed for 

that specific analysis. There is no strategy to complete missing data. This clarifies why 

the number of involved patients varies between 23 and 40, as indicated per analysis. 

Data analysis for questionnaires with ratings was done with straightforward descrip-

tive statistics. In addition, a number of correlations are calculated. 
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3 Results 

3.1 User experience and Usage of the SharedHeart applications 

In light of detangling the role of the digital tools in the effectiveness of the rehabili-

tation process with shared decision making, we considered the appreciation for certain 

features, the perceived usability, the perceived usefulness and usage of the mobile app.  

In general, usability scores (five-item scales) for attractiveness of design (mean = 

3.76, SD = 0.83), for ease of use (mean = 3.84, SD = 0.85) and ease of understanding 

(mean = 3.84, SD = 0.85) are high to very high. In Fig. 3, the rating for ease of use is 

shown as an example. 

 

Fig. 3. Ease of use of the features of the mobile app, scored on a five-item scale (totally disagree 

– totally agree). Bars represent the fraction of participants (n = 25) per item of the scale. 

Because a “Technology Acceptance” perspective has inspired part of our theoretical 

model, we also consider the rating for usefulness as shown in Fig. 4. 

 

Fig. 4. Usefulness of the features of the mobile app, scored on a five-item scale (totally disagree 

– totally agree). Bars represent the fraction of participants (n = 25) per item of the scale. 

The scoring for topics of usability and for usefulness was done for separate features 

of the app (e.g., the training goal, reporting an activity), and via a general impression 

on the integral application (lowest bar in figures). 

It is well-known in human-computer interaction that true usage of an application is 

hard to measure via logging, e.g., because an app component is opened but the user 
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switches temporarily to another task before continuing, and because the user works 

more efficiently with the application after a while. Therefore, we decided not to base 

our usage calculations on activation of certain components by the user, but rather on 

reporting physical activity. At the end that is an important aim of digital support, in 

preparation for other features such as visualisation of progress towards the weekly goal. 

In this way we calculated the average number of days per week that users report struc-

tured exercise training, some daily physical activity, either one or both. Separate usage 

information is displayed in Fig. 5.  

 

Fig. 5. Average number of days per week on which a user reports physical activity via the mobile 

app. Participants in analysis: n = 23. Left: structured exercise reports. Right: daily activity reports. 

From this analysis, we conclude that daily activity reporting is done less than structured 

exercise reporting, even if there are usually more daily activities than structured exer-

cise sessions. The interviews and quantitative user experience data indeed confirm that 

daily activity reporting is less appreciated, as illustrated by the following quote: “I used 

daily activity reporting in the beginning but stopped after a while…I did not see what 

happened with it in the app and the physiotherapist did not ask for it either”. However, 

participants having difficulties to adhere to the structured exercise prescription value 

daily activities reporting more. Some of them reported frustration that those reports are 

not counted in to calculate progress towards the weekly goal, and they request more 

detailed and more varied daily activity reporting than currently supported in the 

SharedHeart mobile app. 

3.2 Adherence and physical activity reporting 

We emphasise that the training programs in the SharedHeart approach are guideline-

based, which is realised by means of structured exercise prescriptions with the 

EXPERT tool [11], [12]. The FITT (frequency, intensity, time, type of exercise) for-

matted exercise recommendation is personalised for the patient’s indication for reha-

bilitation and their risk factors. The EXPERT generated prescription is available in the 

app in a patient readable format via flag-represented minimal and optimal weekly ex-

ercise goals, and the number of sessions to be completed. The app helps to calculate the 

energy consumption of a reported or planned activity and predicts how it contributes to 

the weekly goals. Patient preferences are taken into account when suggesting physical 
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activity types for the weekly training schedule that is decided on together with the care-

giver during an SDM encounter. 

The abovementioned flag representation of goals with a progress bar indicating their 

achievement is the main visualisation for patients in the mobile app. As patients report 

their performed activities in the mobile app, it is possible to compare this with their 

planned training schedule and the EXPERT prescribed level of structured exercise 

training.  

For research purposes, we designed the visualisation in Fig. 6, which increased our 

insight in the diversity in participating patients for their adherence to the training pro-

gram. It should be noted that the number of sessions per week varies over patients, in 

accordance with their EXPERT prescription. Typical examples are 3 or 5 sessions a 

week, or daily structured exercise. 

 

Fig. 6. Adherence to the training program over time, per patient (n = 40). Each symbol represents 

a structured exercise session with appropriate duration according to the EXPERT recommenda-

tion. 

For adherence calculations in the context of the secondary analysis we worked with 

average percentage of completed structured exercise minutes per week and completed 

number of sessions, based on patients’ reporting via the app. Inevitably, this self-re-

porting introduces a bias. Because adherence to therapy is based on self-reporting in 

the mobile app, this measure is to some extent aligned with app usage, but this also 

covers daily activity reporting. 
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Visual inspection of Fig. 6 shows that there is a lot of variation for different partici-

pants in the intervention group, as well as variation over time. Some participants show 

a relatively consistent pattern over time of being highly or lowly adherent, whereas 

other patients’ adherence fluctuates a lot. The figure also shows that some participants 

perform the planned exercise, but need the flexibility to move the session to another 

moment in the week. These findings point to a need for personalisation.  

3.3 Motivation 

In the SharedHeart study, we collected information on different kinds of motivation. 

With respect to the digital technology, we questioned the participants which features of 

the mobile app influenced their motivation to perform physical exercise. On the more 

general level, we were interested in the evolution over time of their motivation to per-

form exercise training. Furthermore, participants were specifically asked for their mo-

tivation to realise behaviour change, which in this context comes down to adopting a 

healthy lifestyle incorporating the advised amount of physical activity. 

The quantitative results from the ad hoc design questionnaire reveal that participants 

have personal preferences for the application features they rate as the most motiva-

tional. Nevertheless, a number of features are considered motivational by most partici-

pants. Between 60% and 70% of participants “agreed” or “strongly agreed” with the 

motivational effect of: the program with scheduled training activities, the visualisation 

in the training program of achievement of the daily goal, the representation of the pro-

gress of the weekly training goal (flags representation), and the prediction that shows 

whether a planned physical effort will lead to achievement of the weekly goal. On the 

other hand, only between 30% and 50% of participants found the tips when not per-

forming enough daily activity motivational, and the same applies for the message when 

reaching the weekly training goal, and the overview of activities in the history repre-

sentation (calendar view). 

Similar findings followed from the qualitative interview data. About the history, sev-

eral patients expressed their thoughts as “I’m not interested to check my performance 

on a specific day in the past via the calendar widget…I want to see my progress over 

weeks, that’s more motivating”. In future designs the history feature in the app could 

be more similar to the flag representations over several weeks, as currently used in the 

dashboard, and that representation was welcomed by both patients and caregivers. 

In contrast with our expectations, the quantitative data do not show a significant 

between-group difference for the motivation to engage in physical exercise (Mann-

Whitney U test, U = 393.5, p = 0.63). This is visually represented in Fig. 7, which 

furthermore suggests that motivation generally not increases towards the end of the 

rehabilitation trajectory (T2).  

However, case-based analysis of individual patients’ evolution in motivation to ex-

ercise shows a diversity of patterns. For a number of patients, the motivation is rela-

tively stable or slightly increases over time (possible because they enjoy increased ca-

pacity to exercise). Other patients show a dip in motivation or a peak in motivation in 

the middle of the rehabilitation period (T1), whereas other patients lose motivation in 

the second half of the rehabilitation period. 
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The interviewees clearly conclude that their motivation is influenced by different 

factors. They raise examples such as self-reflection when reporting daily activities in 

the evening, awareness that their physical activity level was not sufficient which is re-

inforced by the weekly goal representation (flags to be reached), awareness that the 

caregivers can monitor their activities via the dashboard between sessions in the reha-

bilitation centre, motivational conversations with the physiotherapists during SDM ses-

sion (when looking together at the dashboard) and while they guide exercise training. 

The interviews mostly confirm a rather stable motivation in patients over time. A num-

ber of patients however mention losing motivation to exercise. Some of these persons 

fear that they will not continue with sufficient home-based training after the supervised 

rehabilitation trajectory, which for some of them is a reason to voluntary extend the 

supervised rehabilitation trajectory. On the contrary, other participants were glad to 

approach the end of the supervised and app-supported rehabilitation phase, and mention 

“I needed the guidance in the beginning, but now I know how to continue at home”. 

 

Fig. 7. Motivation to engage in physical activity (left) and motivation for behaviour change 

(right), for three points in time for the intervention group (n = 28) and the control group (n = 30). 

At first sight, the quantitative results on participants’ motivation for behaviour 

change   are surprising, even when it was not significant (Mann-Whitney U test, U = 

505.5, p = 0.13), as the overall picture seems less positive than the motivation to engage 

in physical exercise, especially towards the end of the rehabilitation program (see Fig. 

7). The mixed-methods approach is beneficial, as the participants’ remarks contextual-

ise these results. Several persons mention “I don’t want to change my behaviour…I 

think I’m doing well now and exercise enough, so I want to maintain my behaviour but 

not change it.” or express similar opinions. 

3.4 Satisfaction 

Participants were asked to rate their perception of the overall rehabilitation approach 

by means of a questionnaire taken at the three main points in time of the SharedHeart 

study. This questionnaire is taken by both the intervention group and the control group. 

Fig. 8 shows that both groups show an evolution over time in their rating of satisfaction 

about the training program. The satisfaction of the control group tends to stabilise or 

even decrease in the second half of the rehabilitation period, whereas the satisfaction 
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of the intervention group shows a positive trend till the end of the rehabilitation program 

(T2). Even with a coincidentally lower average satisfaction for the intervention group 

than for the control group at the start of the rehabilitation (T0, week 1), the average 

satisfaction of the intervention group outperforms the satisfaction of the control group 

after a few weeks and sustains this till T2.  

The difference between the delta of the satisfaction levels of the intervention group 

and the control group (at T2 – at T0) is a statistically significant result (Mann-Whitney 

U test, U = 298, p = 0.04). 

This result means that the shared decision making approach led to a higher satisfac-

tion on the training program.  

 

 

Fig. 8. Satisfaction about the training program for three points in time for the intervention group 

(n = 28) and the control group (n = 30). 

The qualitative information collected in the interviews clarifies that participants at-

tribute the satisfaction on the training program to a variety of reasons. The fact that the 

training program takes into account the participants’ preference for certain physical 

activities, that were collected at the start of the rehabilitation trajectory, was frequently 

highlighted in the interviews. The shared decision making encounters, during which the 

physiotherapist discusses the patient’s performance of the previous week (including 

home-based training reported via the mobile app) and defines the training program for 

the upcoming weeks, was also strongly appreciated. 

3.5 Outcome measures 

The intervention group showed a greater improvement in quality of life, peak oxygen 

uptake and step count over a 12-week intervention, compared to the control group. For 

detailed results from a medical perspective, we refer to [8]. 

While searching for the role of the digital tools in the effectiveness of SDM, we 

decided to perform an extra analysis on the physical activity level. This is expressed as 

the average daily step count, and was measured in both the control and the intervention 

group during one week at the start and one week at the end of the study, using a Fitbit 

Charge device. We were interested at the change in the step count between the start 



13 

(T0) and the end of the study (T2), and how this situates with respect to the starting 

level of physical activity (step count at T0). For this, we perform a Shapiro-Wilk test 

to check the normality of the groups. As the step counts in the intervention group were 

not normal distributed, it was decided to use the non-parametric Mann-Whitney U test 

to determine if there is a difference between the control and intervention groups. Results 

show that there is a statistically significant difference between both groups of the study 

(U = 352, p = 0.0057) for the change in step count. It should be noted that even after 

removing outliers in this analysis, the significant difference remains (U = 322, p = 

0.0070). Visual inspection of the result for the intervention group (left part of Fig. 9) 

suggests that the SDM approach and possibly the goal setting in the mobile app chal-

lenge also persons with a higher starting level to increase their activity level. 

 

Fig. 9. Change in average daily step count during study (vertical) versus average daily step count 

at the start of the study. Left: intervention group (n = 34), right: control group (n = 34). 

3.6 Correlations 

In the previous sections, some highlights of results on essential constructs of our theo-

retical model were presented. To investigate to what extent our theoretical model is 

applicable for the impact of SharedHeart mobile app on the rehabilitation trajectory and 

its outcomes, possibly relevant correlations between the constructs were calculated. 

Table 3 shows the numerical results. We refer to the Methods section for an overview 

of the data items that were used per construct. In Fig. 10 we revisit the representation 

of the model with colour coded lines to indicate the correlations. Certain correlations 

could not be detected for all participants in the intervention group, but was statistically 

significant for a subgroup, namely those patients that achieved at least 70% adherence 

to the training program, defined as 70% for both adherence to minimum minutes per 

week and adherence to recommended number of sessions. It should be emphasised that 

the existence of a correlation between two constructs does not necessarily indicate a 

causal relationship. 

As indicated in Fig. 10, two correlations were specifically found for the subgroup 

with at least 70% adherence to the training program. There was a moderated correlation 

between Usage and Motivation for behaviour change (r = 0.55, p < 0.05) and between 

Motivation to engage in physical exercise and HeartQoL Physical subscale (r = 

0.56, p < 0.05). 
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Table 3. Spearman rank-order correlation coefficients for the full participant group (n = 23). For 

those constructs of the theoretical model for which a correlation was found. ( * indicates p < 0.05, 

** indicates p < 0.01) 

  Measures 
Technology-related Rehabilitation Process Related 

Outcome 

Related 

   1 2 3 4 5 6 7 8 9 10 

1 Usage (SE) 1 
         

2 Usability -0.13 1 
        

3 Usefulness -0.19 0.75** 1 
       

4 
Motivation Be-
haviour Change 

0.25 0.58** 0.66** 1 
      

5 
Motivation Ex-
ercise 

0.08 0.67** 0.64** 0.82** 1 
     

6 Satisfaction 0.15 0.51* 0.37 0.60** 0.82** 1 
    

7 
Adherence 

(Min/Week) 
0.85** -0.07 -0.12 0.25 0.15 0.16 1 

   

8 
Adherence (Ses-

sion) 
0.78** 0.04 -0.16 0.15 0.11 0.13 0.89** 1 

  

9 HeartQoL 0.14 0.25 0.47* 0.28 0.32 0.18 0.1 0.18 1 
 

10 
Exercise Capac-
ity 

0.28 -0.09 0.02 0.07 0.04 -0.25 0.35 0.46* 0.22 1 

4 Discussion 

The SharedHeart RCT provided evidence for the effectiveness of shared decision mak-

ing supported by digital tools in the context of physical activity in cardiac rehabilitation, 

based on change in quality of life, exercise capacity and level of physical activity meas-

ured by average daily steps. In the SharedHeart study, the SDM in the intervention 

group was implemented as a hybrid trajectory with a mobile app to self-manage home-

based training, and SDM encounters in addition to regular centre-based exercise ses-

sions. This study design does not clearly reveal what component(s) of the SDM inter-

vention determine its successful application. Therefore, we performed a secondary 

analysis from a multidisciplinary perspective, with a focus on HCI-related aspects and 

with attention for the role of the digital technology.  
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Fig. 10. Confirmed and hypothesised correlations are colour coded in a more detailed version of 

the model introduced in figure 1. The subgroup are those participants with at least 70% adherence 

to the training program, defined as 70% for both adherence to minimum minutes per week and 

adherence to recommended number of sessions. Total participants in analysis n = 23, subgroup 

n = 13. 

To this aim, we constructed a theoretical model to visualise the – hypothesised - 

correlations between relevant constructs that relate to (1) technology (usability, useful-

ness and usage of the mobile app), (2) to the rehabilitation process (motivation to exer-

cise, motivation for behaviour change, satisfaction and adherence), and (3) to health-

related outcomes (quality of life, exercise capacity and amount of physical activity). 

4.1 Summary of the findings 

Next to highlighting interesting results for a selection of individual concepts, (1) 

usability and usage, (2) adherence to the training program, (3) motivation, (4) satisfac-

tion of the patients with the rehabilitation approach and (5) outcomes such as physical 

activity level, we reported on detected correlations between constructs. Perceived tech-

nology-related qualities such as ease of use, ease of understanding and usefulness of 

the app seem to directly influence rehabilitation process related concepts such as the 

patients’ motivation for the training program and their overall satisfaction about the 

rehabilitation trajectory. Our study confirms that shared decision making leads to higher 
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satisfaction about the rehabilitation trajectory, as previously reported in literature [7], 

[10], [19].  

We found that higher adherence to the guideline-based exercise program leads to 

better exercise capacity, which was expected because the EXPERT exercise prescrip-

tions [11], [12] are based on ESC guidelines and expert opinions. By comparison with 

the control group we notice that the mobile app might stimulate persons with a higher 

starting level in terms of average daily step count to push their limits.  

Our former RCT revealed already that the shared decision making approach, sup-

ported by the SharedHeart applications, led to improved health-related quality of life 

(HeartQoL) which was the primary outcome of the study. The secondary analysis pre-

sented here adds to this result that perceived usefulness of the digital tools directly cor-

relates to health-related quality of life. This is consistent with the findings in other stud-

ies offering hybrid interventions (centre-based in combination with home-based reha-

bilitation) such as [5], which makes us believe that the digital tools for use at home 

(SharedHeart mobile app) and during SDM encounters (dashboard) also contribute to 

the quality of life by providing appreciated support for the patients’ rehabilitation. 

4.2 Design implications for applications supporting SDM 

While the quantitative RCT results were very important to demonstrate the effective-

ness of the digitally-supported shared decision making approach, the secondary analy-

sis contributed to some extent to find clarifications. Not all hypotheses were confirmed, 

and the qualitative data from the interviews could not explain all results. Nevertheless, 

the mixed-methods approach has been extremely beneficial to put things in context, and 

discover the participants’ integral story beyond the data. 

The theoretical model, that we constructed to visualise a set of hypotheses, explicitly 

reminds us that constructs and events are interrelated. The success of the SDM rehabil-

itation trajectory, and the patient’s well-being throughout this journey, is a complex 

combination of factors. Given our interest in the role and contribution of digital appli-

cations to the effectiveness of an SDM approach, it is no surprise that we compiled the 

initial theoretical model with constructs from the perspective of both technology and 

the rehabilitation process, and tried to find their mutual relations and influence on the 

outcome measures. Even if a number of correlations turned out to be statistically sig-

nificant and thus confirmed the underlying hypothesis, the theoretical model is subject 

to future improvements. 

The ultimate goal of this research is to deduce insights that can be used in future 

studies and more specifically in the design of future SDM supporting applications. This 

study confirms the importance of traditional quality criteria for digital applications such 

as usability and perceived usefulness, because of their obvious impact on the patient’s 

overall satisfaction and motivation for the rehabilitation trajectory that possibly implies 

behaviour change. A key component that came up during the analysis is “personalisa-

tion”. Quantitative data (e.g., from diverse ad hoc questionnaires) and qualitative data 

emphasise the importance of collecting patient preferences for physical exercise, but 

also to design the applications in such a way that they can accommodate a variety of 

individual rehabilitation trajectories. Indeed, participants stressed the need for flexible 
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planning of physical activity and structured exercise in the rehabilitation program sup-

ported by the digital tools. When asked what modules of the SharedHeart applications 

motivated them most, there were a few favourites but participants named a variety of 

options. Similar to its use in our previous studies, patients appreciate a lot the flags 

representation of the weekly exercise goals and the progress bars. But they also made 

clear that they are not interested in checking the history of their exercise in the calendar-

like month widget, and would prefer to see a more general view on evolution over time 

in the app, comparable to representation in the dashboard that is based on progress bars. 

This last example also shows that participants had a strong opinion on what features of 

the dashboard facilitated their SDM encounter with the cardiologist or physiotherapist. 

4.3 Limitations and future work 

A limitation of the study is the lower availability of data for the control group: no 

qualitative data from interviews, and no trustworthy reporting of exercise throughout 

the study. Only paper diaries for week 1 and week 12 of the study were completed by 

a minority of the subjects, and suffered from a lot of missing data. Despite possible bias 

caused by self-reporting of physical activity in the intervention group, more complete 

data is available for this group. Furthermore, it is beyond the scope of this article to 

extensively report all results achieved by analysing the quantitative and qualitative data 

that were collected in the study. We focused on the role of the mobile app. The impact 

of the dashboard, of the patient-caregiver interaction during the SDM encounters, and 

of the supervised centre-based training sessions is not fully investigated, thus leaving 

these likely contributors to the effectiveness of the shared decision making underex-

posed. It is very likely though, that these indirectly contribute to the participants’ per-

ception on rehabilitation, e.g., motivation and satisfaction. Also, in the scope of this 

paper we mainly used the qualitative data from the interviews to contextualise findings, 

but these data remain underexploited to strengthen the rationale for SDM success. 

These additional data from the SharedHeart study could inspire us in future research to 

elaborate and fine-tune the theoretical model we presented in this paper to frame our 

secondary analysis. Similarly, more advanced statistical approaches could be instru-

mental in search for causal relationships between relevant technology-related or reha-

bilitation process related concepts and effective improvement of outcomes of the reha-

bilitation by means of shared decision making. 

5 Conclusion 

As a follow-up of interesting results of an RCT with a digitally supported shared deci-

sion making approach on physical activity, a secondary analysis was presented in this 

paper. In search for deeper insights in what components and characteristics of the SDM 

make it outperform the standard centre-based training, we investigate a number of con-

structs related to the digital applications, the rehabilitation process and outcomes of the 

RCT. While not all expected correlations between the constructs are confirmed, the 
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gained insights are beneficial for future design of digitally supported SDM interven-

tions. 
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