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Abstract
M-learning is a flexible form of digital education that can benefit professional caregivers. The m-learning intervention ‘HiSense
APP-ID’was developed to support caregivers of persons with intellectual disability (ID). The intervention focuses on improving
knowledge about sensitive and responsive caregiving for persons with ID. This randomized controlled trial of 101 professional
caregivers of persons with moderate or mild ID evaluated whether m-learning improves practical and theoretical knowledge
about secure attachment in persons with ID, and increases empathy and self-efficacy. The ‘HiSense APP-ID’ consists of 120
multiple-choice questions relating to attachment theory and the experience of persons with ID. Participants answer four questions
each day for 30 days. In pre-, post-, and follow-up assessments, all participants completed a series of questionnaires concerning
social validity, knowledge, self-efficacy, and empathy. Linear mixed effects modeling was then used to assess the effectiveness of
the intervention. Users rated the app positively on usefulness, ease of use, design, and development of their own skills.
Knowledge improved in the group of participants who followed m-learning. An interaction effect was found for empathic
concern, but no significant effect was found for social empathy or self-efficacy. Thus, m-learning is a useful and flexible
educational tool for professional caregivers of persons with ID, and the ‘HiSense APP-ID’ was able to improve theoretical
knowledge in very short sessions spaced over a longer period of time.
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1 Introduction

Digital learning has become an increasingly popular way to
complement, or even replace, traditional methods of learning.
It can be used to accommodate learners who are unable to visit
educational facilities. The most well-known form of digital
learning is e-learning, which includes web-based and
computer-based education and training. E-learning can be a

convenient way for staff in health care facilities to follow
supplementary courses because it can be done at any place
and at any time, and easily fits around irregular work sched-
ules. The present study describes a digital learning interven-
tion that aims to improve basic knowledge about sensitive and
responsive interactions in professional caregivers of persons
with mild or moderate intellectual disabilities (ID).

Within the field of care for persons with ID, the attention
for technology has long been focused on the application of e-
health: practical tools that promote mental or physical health
or assist persons with ID in carrying out practical or social
activities [1, 2]. Few interventions focus on e-learning for
day-to-day caregivers of persons with special needs, even
though this may greatly benefit the quality of care. Attention
for this type of specialist knowledge about additional needs is
limited in health care education and caregivers rely mostly on
practical experience. For example, McShea et al. [3]
interviewed a group of caregivers of adults with ID and found
they were unaware of the high frequency of hearing loss in
that population. They often did not recognize the signs of
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hearing loss in their clients. Their formal education on this
topic was minimal. When asked about their preferences for
supplementary training, most saw the benefit of e-learning.

Generally, students are positive about digital education due
to its accessibility, affordability, self-paced learning, and op-
tions for repetition. Regular evaluation and feedback, small
units of material, and variation in activities contribute specifi-
cally to the successful implementation of online courses in
healthcare education [4]. However, for e-learning to be effec-
tive, it needs to consider several benchmarks. Social validity is a
key component in the effectiveness of e-learning interventions.
First of all, students must be willing to use the technology,
which depends on two main aspects: the perceived ease of
use of the e-learning and the perceived usefulness hereof [5].
These two factors are influenced by a range of external issues,
such as a person’s computer-related experience, their confi-
dence in performing the task on a computer, enjoyment in the
task itself, and encouragement from others to use the e-learning
system [4]. Second, the individual impact of e-learning can be
influenced by: quality of the system itself, the quality and the
relevance of the information, and the intensity of interaction
with others during the learning process [6–8]. For example,
highly interactive designs lead to more time spent on learning,
although some students prefer an independent, and therefore
more time-efficient, setup. In other words, it is important that
the method of instruction matches both the objectives of the
course and the preferences of its users [6, 9].

The effects of e-learning have been studied frequently
among medical care staff. A majority of review articles in this
field have reported that learning outcomes using e-learning are
equal or better than in control groups using traditional
methods [6, 9]. These e-interventions mostly focused on the-
oretical knowledge, decision making in clinical care situa-
tions, or on the improvement of interpersonal skills.
However, in the case of professional caregivers, the ultimate
purpose of e-learning is to influence daily practice. Elgie et al.
[10] demonstrated that an increase in theoretical knowledge
can indeed improve practical skills. The study used scenario-
based e-learning to improve emergency preparedness among
nurses. After following 15modules of audiovisual demonstra-
tions and text-based tutorials, nurses demonstrated improved
theoretical knowledge and in addition they scored better on a
practical skills test compared to participants in a control group.
Furthermore, e-learning can also improve the confidence of
caregivers to fulfill their role. Camden et al. [11] studied an
online module for improving the perceived knowledge and
skills needed to support children with a developmental coor-
dination disorder. Parents who followed this module reported
an increased sense of understanding of their child’s condition
and were more confident about their skills in managing the
care of their child. In addition, Sterkenburg and Vacaru [12]
developed a serious game for enhancing empathy in profes-
sional caregivers of persons with ID. They found no direct

effect on empathy, but the results indicated a decrease in
self-oriented personal distress in response to pain or distress
in others, which the authors interpret as confidence in being
able to act in case of challenging situations.

The current study explores the feasibility of using m-
learning to improve basic theoretical knowledge among pro-
fessional caregivers of persons with a mild or moderate ID.
Mobile learning (m-learning) refers to a subtype of e-learning
that is specifically designed for mobile devices, making it
even more flexible than e-learning [13]. The present interven-
tion specifically aimed to improve knowledge with respect to
sensitive and responsive caregiving. Persons with ID are vul-
nerable to stress, which increases their need for support from a
caregiver who can notice their communicative signals en re-
spond accordingly. Such a sensitive, responsive caregiver is
crucial for the development of a secure attachment. Secure
attachment, in turn, supports socio-emotional functioning
and the development of coping skills in stressful situations
[14–16]. At the same time, several characteristics of persons
with ID can hinder the sensitivity and responsiveness of the
parent or caregiver [17, 18]. Improved knowledge about at-
tachment theory and the specific needs of persons with ID
may increase awareness in caregivers, thereby enhancing the
sensitivity for the needs of their clients. Furthermore, this
knowledge may improve their confidence in their role as a
caregiver.

The primary research question was whether the HiSense
APP-ID improves knowledge about attachment in profession-
al caregivers. In addition, we examined whether the m-
learning intervention has practical effects, specifically wheth-
er participants experienced an increase in empathy and self-
efficacy after participating in the intervention. Finally, we in-
vestigated the users’ expectations and experiences with the m-
learning intervention.

A research protocol for this study was published in
TRIALS [19]. Despite our initial intentions, we were not able
to recruit enough relatives of persons with ID to participate in
the study. The present sample consists only of professional
caregivers of persons with mild or moderate ID.

2 Methods

2.1 Design

A two-group parallel randomized controlled trial was con-
ducted to assess the effectiveness of the intervention.
Participants were randomly assigned to either the experimen-
tal group, in which they were asked to follow the m-learning
intervention, or the waiting list control group, in which no
change occurred in their daily routine during the time of the
study (care as usual). Randomization was balanced within



each of the three care facilities, and the staff of each group
home or activity center were placed in the same condition.

2.2 Participants

Participants were recruited within three large residential
care facilities for persons with ID in the Netherlands.
Each care center has multiple group homes and activity
centers at different locations. Professional caregivers
could apply for participation if they cared for one or more
adults with mild or moderate ID and if they were able to
follow the intervention for the entire duration.

At T0, a total of 110 participants competed the ques-
tionnaires, but the data for one participant was lost for
this time point. Retention was 101 participants at T1
and 89 participants at T2. Reasons for discontinuation
were illness, change in workplace, or a lack of time to
complete the questionnaires. Nine participants who only
completed the first set of questionnaires were excluded
from further analysis, resulting in 100 participants at
T0, 101 participants at T1, and 89 participants at T2.
The demographics of the participants at T0 are summa-
rized in Table 1.

2.3 Procedure

Ethical approval was obtained from the university ethical
committee (VCWE-2017-004). The study was registered at
the Dutch Trial Register (NTR 6944). Participants were given
personal identification numbers to guarantee anonymity of the
completed questionnaires. The contact information for partic-
ipants was kept within the organizations if possible.

Recruitment was carried out by location managers and re-
search coordinators within each organization. After enroll-
ment, participants were randomly assigned to the control
group or experimental group. Participants were informed of
their allocation shortly after the baseline assessment to reduce
the risk of response bias at this point and the test leaders were
blind to the group allocation at this time point.

Data were collected at three time points. A baseline mea-
surement (T0) was performed at the start of the intervention.
The second measurement (T1) occurred 40 days later, and a
retention measurement (T2) after another 30 days. Participants
in the experimental group received instructions to start the m-
learning immediately after T0. Participants in the control
group were given access after completing the questionnaires
at T2. Participation was optional for this group.

Data collection was performed by three undergraduates and
one Master’s student in child and family studies, one scientist-
practitioner, an assistant at one of the care facilities, and the first
author. Digital questionnaires were made available online and
on tablet computers. Test leaders visited the participants at their
workplace at T0, T1, and T2 and supervised while the ques-
tionnaires were completed. If possible, multiple participants
were seen together and completed the questionnaires in parallel.
Participants could complete one of the measurements unsuper-
vised if it was not possible to plan an appointment. This oc-
curred 8 times at T0, 13 times at T1, and 14 times at T2.

2.4 Intervention

The m-learning intervention was a web-based app, HiSense
APP-ID, that can be accessed online via a smartphone, laptop,
or PC. It consists of 120 multiple-choice questions divided
into 30 sets of four items. Participants can log in once a day
to answer one set of four questions. They then receive feed-
back on their answers together with a short explanation
(Fig. 1). On approximately one-third of the days, the daily
feedback was followed by hyperlinks to additional informa-
tion about one of the topics. This link referred to online
sources, such as websites, infographics, or film clips.

The content of HiSense APP-ID was based on consultation
with an advisory board of healthcare professionals. A first
draft was sent back to the advisory board for feedback.
Next, parents and professional caregivers of persons with mild
and moderate ID were asked to judge subsets of items on three
criteria: a) the clarity of the questions, b) the clarity of the
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Table 1 Demographics of the participants at T0 (N = 100)a

Group

Experimental
N = 53

Control
N = 47a

Total

Organizationb 1 14 10 24
2 29 28 57
3 10 9 19

Gender Male 14 14 28
Female 39 33 72

Age, years 18–35 23 30 53
Older than 35 30 17 47

Cultural background West European 40 41 81
European 6 1 7
Asian 2 1 3
African 2 0 2
Latin American 0 1 1
Other 2 3 5
No answer 1 0 1

First language Dutch 51 45 96
Other 2 2 4

Education Lower levels 23 26 49
Higher levels 30 21 51

Years of experience 0–2 y 5 6 11
3–5 y 6 9 15
6–10 y 17 16 33
11–20 y 10 12 22
>20 y 15 4 19

a Data were missing for 1 participant
b 1 = care facility for persons with visual and intellectual disability,
2 = care facility for persons with intellectual disability, 3 = care facility
for persons with intellectual disability
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explanation, and c) the perceived relevance of the information.
A total of 14 professional caregivers individually judged 12
items at random. Their comments were incorporated into the
final revision of the content.

The content of m-learning aimed to provide insight into the
development of attachment relationships and the specific
needs of persons with ID in this context. The main topics in
the intervention were (1) attachment theory in daily practice,
(2) socio-emotional functioning in persons with ID, (3) sensi-
tivity and responsiveness to communicative signals, (4) emo-
tion regulation, (5) observation and interpretation of behavior,
and (6) basic knowledge about the nature of ID and common
co-occurring conditions. Each topic was covered by 15 ques-
tions that were spaced over the 30 days of the intervention
[20]. Attachment theory had a larger share, as 45 questions
referred to this main topic.

The intervention was divided into three blocks of 10 days.
Over these blocks, the complexity of the questions increased,
corresponding to the first three categories of Bloom’s taxono-
my of educational objectives [21, 22]: remembering (knowl-
edge of basic facts), understanding (interpreting the knowl-
edge), and applying (using the concepts in practical

examples). The items for each topic were divided over the
three blocks. The first block (questions 1 to 40) focused on
improving knowledge. In the second block (questions 41 to
80), theoretical knowledge was explicitly linked to daily prac-
tice. In the third block (questions 81 to 120), the items pre-
sented dilemmas or short case descriptions (one or two
sentences), requiring theoretical knowledge to practical situa-
tions. At the end of each block, participants could revisit the
questions that they had answered incorrectly.

Participants were not required to log in during weekends or
days off, but after 2 days of inactivity they received an auto-
matic reminder by e-mail. If more than 5 days had passed after
the last login, the participant could no longer continue the
intervention.

2.5 Measures

2.5.1 Demographics (T0)

At the start of the study, participants answered categorical
questions with regard to their gender, age, cultural back-
ground, first language, level of education, and work
experience.

2.5.2 Social validity (T0, T1)

A measure of the social validity of the intervention was ob-
tained using a Social Validity Scale [23] as described by
Janssen et al. [24] and Jonker et al. [25]. The questionnaire
contained 22 items. Participants rated the perceived useful-
ness, design of learning content, perceived ease of use, expect-
ed skill development for themselves and coworkers, and the
expected effects on clients on a 5-point Likert scale.

At T0, all participants completed the full questionnaire,
which was phrased to ask about their expectations of the
HiSense APP-ID. At T1, only the questions about the desir-
ability of the intervention were answered by all participants.
The remainder of the questionnaire was answered only by
participants in the experimental group, as they rated their ex-
periences with the HiSense APP-ID.

2.5.3 Knowledge (T0, T1, T2)

All three measurements included a different set of 25multiple-
choice questions that were similar to items on the m-learning
itself. The knowledge test was developed parallel to the ques-
tions in the app. For each of the six main topics, four questions
were included on the knowledge test: one question corre-
sponding to the first block (remembering), two questions to
the second block (understanding), and one to the third block
(application). For the topic of attachment theory, one addition-
al application question was included. The total number of
correct responses was used in analyses.

Fig. 1 Screenshot showing feedback on one of the items. The wrong
answer that was given is marked in red. The correct answer is in green.
The textbox at the bottom explains why the third answer is the better
option
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2.5.4 Self-efficacy (T0, T1, T2)

The self-efficacy experienced by the participants was mea-
sured at each time point using the translated Self-Efficacy in
the Nurturing Role Scale [26, 27]. The questionnaire consisted
of 16 items about feeling competent as a caregiver and how
much they enjoy their role. Participants indicated on a 4-point
Likert scale the extent to which they agreed with each state-
ment. The scale has high internal consistency [26].

2.5.5 Empathy (T0, T1, T2)

Two questionnaires were used to measure empathy at the three
time points. The abridged version of the Empathy Quotient
(EQ) self-report questionnaire contains 40 items concerning
sensitivity in social contexts; the ability to attributemental states
to another person and to respond accordingly [28] (Dutch trans-
lation by De Corte et al. [29], adapted by Volman [30]).
Participants rate their agreement with the statements on a 4-
point Likert scale. The EQ has high test–retest validity (r =
0.97, p < .001) and high internal consistency (α = 0.92) [31].

The Interpersonal Reactivity Index (IRI) [32] contains 28
items divided evenly over four subscales: perspective taking
(PT), spontaniously adopting the point of view of other per-
sons; fantasy (F), a tendency to identify with fictitious char-
acters; empathic concern (EC), “other-oriented” feelings of
compassion; and personal distress (PD), feelings of unease
when witnessing the negative experiences of others.
Participants indicated howwell each statement described them
on a 5-point Likert scale. All subscales have sufficient internal
reliability (0.71–0.77) and test–retest reliability (0.62–0.72).

2.6 Data analysis

Chi-squared analyses were used to check for significant differ-
ences in demographic variables between the experimental and
control groups at baseline, as they were recorded as categorical

variables. Independent samples t-tests were used to compare
differences in social validity between the control group and
experimental group at T0, and paired samples t-test compared
social validity at T0 and T1 for each group. Linear mixed ef-
fects modeling was used to assess the effect of time and group
on the level of knowledge, empathy, and self-efficacy. This
method is more flexible than repeated-measures ANOVA in
that it is not sensitive to randomly missing data, can include
time effects in the model, and can account for variance and for
correlation between repeated measurements. In addition, it al-
lows the user to explore a range of models for the data based on
the research question. The optimal model can then be selected
by comparing fit indices [33, 34].

3 Results

3.1 Demographics

The participant demographics are given in Table 1. A signif-
icant difference was found in age, as the experimental group
included more persons over 35 years of age and the control
group more persons less than 35 years of age (χ2 = 4.18,
p = .041).

3.2 Social validity

3.2.1 Between-group differences in social validity

Table 2 summarizes the expectations of participants re-
garding the intervention at T0. In both groups, the average
score on each subscale was between 3.14 and 4.32 on a
scale of 1 to 5. In both groups, the highest score was
given for the expected effect on the participants’ own
sensitivity and responsivity. Participants in the experimen-
tal group were more positive in their expectation of the
effect of the intervention on coworkers.

Table 2 Differences between the experimental (N = 53) and control groups (N = 47) at T0 on each subscale of Social Validity

Experimental Control

M SD M SD t p

Perceived usefulness 3.17 0.46 3.14 0.48 0.40 .692

Design of learning contents 3.88 0.51 3.76 0.49 1.26 .212

Perceived ease of use 3.54 0.49 3.41 0.47 1.34 .183

Skills development - self 4.32 0.64 4.07 0.66 1.93 .056

Skills development - coworkers 3.53 0.67 3.21 0.75 2.23 .028

Effect on clients 3.35 0.72 3.18 0.66 1.21 .231

Total 3.53 0.37 3.39 0.38 1.88 .063

Note: Means represent the mean of all items on each subscale. Data were missing for 1 participant
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3.2.2 Within-group changes in social validity

At T1, the intervention group was asked to evaluate their expe-
riences with the app after the intervention. The control group
only received a set of questions about the perceived usefulness
of the intervention. Average scores at T0 and T1 are shown in
Table 3. Changes were small, but significant. The participants
evaluated the effect of the intervention on their own behavior,
as well as the behavior of clients, as being lower than expected
before the start of the intervention. However, the perceived ease
of use was rated higher after participation than at T0.

3.2.3 Evaluation of the intervention

At T1, 83.7% of the participants in the experimental group had
completed at least 75% of the intervention, and 52.8% had
completed all questions. Most participants (77.6%) in the ex-
perimental group completed the intervention on their
smartphone and some (15.1%) on a PC or laptop. The main
reasons for not completing the intervention in time were ‘lack
of time’ (5 participants) or ‘I kept forgetting about it’ (12
persons). None of the respondents thought that the questions
were irrelevant. Two persons reported technical issues.

Nine participants provided additional comments about the
intervention. Five said that the m-learning had been informa-
tive, made themmore aware, and they were positive about the
concept. Two did not notice a difference. One asked for a
possibility of re-reading the information from previous days.
One commented that the items mainly concerned persons with
moderate ID.

3.3 Effects of the intervention

The mean total scores for social validity, knowledge, self-effi-
cacy, and empathy at all three time points are given in Table 4.

For each outcome variable, a linear mixed effects model
was fitted in SPSS with subject at the highest level. As group,
time, and the group x time interaction were the primary

interest, they were entered into the model as fixed effects.
The model accounted for individual differences by allowing
individual slopes and intercepts per subject. In addition, we
examined whether additional random effects (care center, age
category, and the expected skills development for coworkers)
added significantly to the model. Fitting a maximal model that
includes all three possible random effects for each outcome
measure, can lead to loss in statistical power to detect the
significance of fixed effects [34]. Preferred models were se-
lected based on the lowest Schwartz Bayesian Criterion (BIC),
a fit measure that takes into account both the complexity of a
model and the number of participants in the study.

In our analyses, no convergence could be reached for the
maximal models that included the fixed effects and all random
effects. We therefore added each random effect in a separate
model to examine whether they improved the model fit. To
account for the variance-covariance structure of the data, co-
variance type was set to identity when only group, time, and
the group x time interaction were entered. When other vari-
ables were entered, the model fit was tested with the covari-
ance type set to either Compound Symmetry or Unstructured,
to control for correlation among the random effects.

3.3.1 Knowledge

The primary research question regards the effect of the inter-
vention on knowledge of the participants. A significant in-
crease in knowledge was observed as a function of time
(β = 0.69, SE = 0.23, p = .003). The experimental group im-
proved significantly more than the control group (β = 0.83,
SE = 0.32, p = .011). The intraclass correlation coefficient
(ICC) was 0.33, suggesting that approximately 33% of the
total variation was due to interindividual differences.

3.3.2 Self-efficacy and empathy

Next, several models were tested to explore additional effects
on secondary outcome measures (self-efficacy and empathy).

Table 3 Average scores on the
subscales of the Social Validity
Scale at T0 versus T1

T0 T1

Group M SD M SD t df p

Exp. Perceived usefulness 3.17 0.46 3.03 0.42 2.32 52 .024

Design of learning contents 3.89 0.50 3.84 0.65 0.54 48 .593

Perceived ease of use 3.56 0.48 4.01 0.69 −4.70 48 < .001

Skills development - self 4.36 0.65 3.82 0.90 3.83 48 < .001

Skills development - coworkers 3.57 0.68 2.69 0.62 6.33 48 < .001

Effect on clients 3.36 0.75 2.69 0.56 5.27 48 < .001

Total 3.39 0.37 3.19 0.43 3.37 48 .001

Control Perceived usefulness 3.14 0.48 3.03 0.48 1.63 46 .11

Note: Exp, experimental group. Means represent the mean of all items on each subscale
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Two of the subscales in the IRI questionnaire did not lead to
viable models (subscales PT and F). Outcomes of the remain-
ing four analyses are reported below. In these analyses α was
set to .01 to correct for the number of exploratory models that
were tested on the dataset.

For self-efficacy, an optimal fit was achieved when the
model included age as a random variable. However, age was
not a significant predictor in the model (β = 0.57, SE = 0.79,
p = .474). Only a significant effect of time was found, indicat-
ing that the entire group of participants reported higher self-
efficacy over time (β = 1.60, SE = 0.60, p = .009). No interac-
tion effect of time and group was found. A large portion of the
variation was due to interindividual differences (ICC = 0.63).

For EQ, no additional random variables could be added to the
model. None of the predictors was significant at α = .01 level.

For the IRI questionnaire, two models were analyzed (sub-
scales EC and PD). For empathic concern, a significant time x
group interaction meant that the slope in the experimental
group was more positive than in the control group (β = 0.92,
SE = 0.31, p = .003), ICC = 0.66. This interaction is mainly
indicative of a decrease over time in the control group
(Table 4). For personal distress, none of the predictors was
found to be significant after correction.

4 Discussion

The present study explored whether the m-learning intervention
HiSense APP-ID can improve knowledge, empathy, and self-
efficacy in professional caregivers of persons with mild or moder-
ate ID. Knowledge about the subject improved in the group of
participants who followed the m-learning. In addition, an interac-
tion effect was found for empathic concern. However, no signifi-
cant effects of the intervention were found for EQ or self-efficacy.

User experience ratings for the m-learning were positive,
both before and after the intervention. All participants had a
positive attitude towards the usefulness, ease of use, and content
at the start of the study, indicating that the intervention matched
their interests and their abilities. After the intervention, the av-
erage rating for perceived ease of use was higher than at the
start, meaning that the m-learning was easily accessible and the
instructions were clear for all participants. The items relating to
the effect on skills development were rated lower than at base-
line, which may be a sign that the content was less hands-on
than they had hoped [3]. Perceived usefulness was also slightly
lower than before the intervention. However, this can be ex-
plained by the phrasing of the questions on this scale, which
focused on whether participants wanted to improve their
knowledge and empathic attitude towards clients. Therefore, a
lower score means ‘less need for improvement’. When looking
at individual items on the questionnaire at T1, 27.5% of the
experimental group said they noticed improvement in how they
approached clients, and 45.1% noticed an improvement in their

ability to recognize the communicative signals of their clients.
Participants who noticed progress after following the m-
learning would be expected to feel less need for improvement
in the second questionnaire.

The primary aim of the m-learning was to improve theoret-
ical knowledge about forming secure attachments with persons
with ID. The results showed a significant effect of the interven-
tion relative to the control group, who received no additional
materials. The learning effect was retained 30 days after the
intervention. This result is promising for the use of m-learning
by professional caregivers, showing that information with a
clear focus, delivered repeatedly in small portions, can lead to
a durable increase in knowledge and awareness about secure
sensitive and responsive caregiving in persons with ID [20].

Finally, questionnaires were included to measure the effect
of the m-learning on the empathy and self-efficacy of our
participants. A significant interaction effect was found for a

Table 4 Sum scores at T0 (N = 100), T1 (N = 101), and T2 (N = 89)

Time Group

Experimental Control

M SD M SD

Social validity 0 77.75 8.17 74.64 8.40

1 73.45 9.44 –

Knowledge 0 16.45 2.56 16.74 1.96

1 19.62 2.97 17.62 3.07

2 19.44 1.96 18.15 2.85

Self-efficacy 0 87.81 8.60 86.72 8.85

1 88.77 11.12 88.10 8.32

2 89.35 10.77 89.54 8.79

EQ 0 47.74 7.81 46.19 7.78

1 47.75 8.14 45.71 8.68

2 48.80 8.80 43.41 7.94

IRI total 0 59.51 8.55 62.38 8.93

1 60.11 9.69 60.37 9.49

2 60.28 11.25 60.93 9.38

Perspective taking 0 19.19 3.68 19.00 3.65

1 19.38 3.34 18.73 3.67

2 20.07 3.44 19.02 3.17

Fantasy 0 12.72 3.71 14.43 4.63

1 12.98 5.12 14.42 4.44

2 12.63 5.44 14.65 4.94

Empathic concern 0 18.06 3.85 19.06 2.91

1 18.51 3.67 17.56 3.58

2 18.81 4.15 17.85 3.06

Personal distress 0 9.55 3.99 9.89 3.30

1 9.25 3.74 9.67 3.45

2 8.77 3.93 9.41 3.46

Note: EQ, Empathy Quotient; IRI, Interpersonal Reactivity Index
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subscale measuring empathic concern. No significant interac-
tion was found for the EQ questionnaire, which is in line with
the primary aim of the intervention to reinforce compassion
towards people under their care, rather than to improve empa-
thy and social sensitivity in general. The interaction effect was
caused by a decrease in empathic concern in the control group
rather than an increase in the experimental group. The reason
for this decline cannot be determined with certainty from the
available data. There may have been a coincidental fluctuation
in the state of mind of the participants. In that case, a recovery
would have been visible in the control group at a later follow-
up. Another possibility is that other factors, such as external
conditions or team dynamics, may have caused the decline in
empathic concern over time in the control group, whereas the
experimental group was continuously encouraged by the in-
tervention to show compassion towards their clients. If that is
the case, the results suggest that participation in the m-learning
prevented a decline in empathic concern. The present findings
draw attention to the many factors that may influence empathy
and the importance of maintaining high levels of empathy in
professional caregivers of persons with ID.

The intervention was not able to improve empathy or self-
efficacy in the experimental group. One obvious explanation
is that the impact of this 5-min-a-daym-learning was too small
to have a substantial effect on daily practice. The content was
aimed at practical applications but was still theoretical in na-
ture. For empathy, another explanation is that the question-
naires did not specifically apply to work situations, but to
general social situations. It is plausible that participants did
become more sensitive towards clients, but not towards others
outside the workplace, showing no significant effect on the
questionnaires that were used in the current study.

The HiSense APP-ID has several features that benefit its
usability. First, the use of a web-app ensures that participants
can log-in on mobile devices as well as a personal computer or
laptop. Furthermore, only a small time investment was re-
quired, only 5 min a day, a total of only 2.5 hours. Regarding
the content, healthcare professionals were involved from the
start of development to ensure relevant topics and examples
[3]. Effectiveness was promoted by repeating small portions
of content over a longer period of time [20], increasing the
complexity of the items over time [22], and providing immedi-
ate feedback [4]. However, there is still room for improvement.
The content design is linear and purely text-based.
Conceivably, learning gains can be improved by using an adap-
tive design that also allows the user to look back at previous
information [35]. In addition, adding illustrations or short
videos could make the case descriptions more realistic for the
user [3].

In future research, it would be preferable to have an external
source to assess effects on behavior, such as observation or peer
evaluations, in addition to self-reports. Furthermore, the m-
learning could benefit from integration in a larger training program

or as part of a curriculum in which participants discuss the content
and its relationship to daily practice [8]. The web-app was used on
its own in this study, though it was connected to the work envi-
ronment. In our questionnaire, we did not check whether partici-
pants discussed the content amongst themselves. It would be rel-
evant to examine how active discussion of the topics contributes to
the effectiveness and learning gains of the m-learning [36]. In
addition, it would be interesting to investigate its effect on other
populations, who have had no training on this topic and havemore
to gain. For example, the m-learning could be aimed at parents of
persons with ID, as well as persons in facilitating professions who
work in or around care facilities, such as cleaners, office workers,
or chauffeurs. By involving the wider community and emphasiz-
ing their role in improving quality of life for persons with ID, the
intervention would match the current views on social inclusion.

5 Conclusion

Knowledge transfer was achieved through m-learning in very
short sessions spaced over a longer period of time.
Furthermore, this study indicates that m-learning focusing
on sensitive and responsive caregiving may lead to fewer neg-
ative effects on empathic concern. Given the positive appraisal
by participants in the present study, the use of m-learning for
professional caregivers of persons with ID and other care-
givers needs to be examined in the future.
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