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interviews were analysed using inductive content analysis.
Results: The IPE course improved nursing students' diabetes knowledge and self-
evaluated competence among nursing and medical students. The baseline differences
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increasing students' self-evaluated competence, motivation to learn more and nursing
students' diabetes knowledge, offering better prospects for future interprofessional

diabetes management.
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NCD Risk Factor Collaboration, 2016). This can be accomplished
by promoting an active self-management of people with diabetes

1 | INTRODUCTION

Diabetes is a serious global health concern with nearly half a bil-
lion people living with it worldwide. This number is estimated to
increase 25% by the year 2030, causing a major impact on the lives
and well-being of individuals, families and societies. (International
Diabetes Federation, 2019; Saeedi et al., 2019.) Enhancing the
early detection, care and self-management of diabetes is essential
in improving the individual's quality of life and reducing the global
health and economic burden of diabetes (Ahola & Groop, 2013;

and interprofessional collaborative care provided by competent,
skillful professionals (International Diabetes Federation, 2019).
Managing the care of this multifaceted disease can be chal-
lenging both for the person with diabetes and for the variety
of healthcare professionals involved, requiring several aspects
to be taken into account simultaneously (Fredrix et al., 2018;
Lee et al., 2021). The diabetes knowledge and competence of

healthcare professionals and their capability in interprofessional
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collaboration are associated with various outcomes of diabetes
care (e.g., Atsalos et al.,, 2019; Lee et al., 2021).

The importance of functional collaboration and teamwork of
various health professionals is highlighted in the care delivery for
chronic diseases and patients with complicated conditions (e.g.,
Koérner et al., 2016). Especially, a collaborative approach is widely
supported in the education and care of diabetes, to provide cost-
effective, patient-centred and optimal care for the large group of
people living with diabetes (De La Rosa et al., 2020; International
Diabetes Federation, 2019; Johnson & Carragher, 2018).

2 | BACKGROUND

Interprofessional education (IPE) is one way to enhance the knowl-
edge and collaborative skills necessary in interprofessional health-
care settings (Reeves et al., 2017; World Health Organization, 2010).
IPE is traditionally described by WHO as education where "two or
more professions learn about, from and with each other, to enable
effective collaboration and improve health outcomes” (WHO, 2010,
p. 13). Several positive outcomes have been attributed to IPE,
such as students' improved collaborative competency (Guraya &
Barr, 2018; Riskiyana et al., 2018), positive attitudes towards collab-
orative teamwork (Guraya & Barr, 2018) and increased knowledge of
the roles of other professions (Kent & Keating, 2015; Lim & Noble-
Jones, 2018). Many institutions have highlighted the relevance of
performing IPE in the healthcare context (e.g., Interprofessional
Education Collaborative, 2016; WHO, 2010), as there are also no-
tions that today's healthcare students, who are educated separately
from the students of other healthcare professions, may be unpre-
pared for the real life environments in which they will be working
together after graduation (Speakman & Arenson, 2015). Positive re-
sults have been reported on IPE in diabetes management, such as
improvement in students' knowledge and skills, confidence in and
motivation for treating patients with diabetes and teamwork compe-
tency in diabetes management (Kangas et al., 2018). Nevertheless,
there is still a need for improving interprofessional collaboration in
diabetes care (Sgrensen et al., 2020), in order to improve the quality
of care (Stuckey et al., 2015).

To be able to educate collaboratively competent healthcare pro-
fessionals for the future, it is relevant to explore students' current
competence and ideas of what they desire to learn in interprofes-
sional diabetes management and the impact of IPE in this context.
Previously, IPE programmes on diabetes management have been
targeted mainly to professionals (Kangas et al., 2018). Only a few
studies have evaluated undergraduate students' competence or
knowledge in diabetes management (Raci¢ et al., 2017), and research
on nearly graduated healthcare students' desired clinical compe-
tence is scarce (e.g., Bork, 2003). To the best of our knowledge, no
previous IPE-related studies have been published on undergraduate
healthcare students' current and desired competence in interprofes-
sional diabetes care or on their perceptions of how to achieve the
desired competence.

The purpose of this study was to explore the impact of a vol-
untary IPE intervention on undergraduate nursing and medical
students' knowledge, competence and desired competence in inter-
professional diabetes care. Our research question was: What kind
of knowledge, competence and perceptions of their future com-
petence in diabetes management do nursing and medical students

have, and what is the impact of diabetes-specific IPE on these areas?

3 | THE STUDY

3.1 | Design

This is a mixed methods study with a convergent parallel design
(Halcomb & Hickman, 2015), employing a pre-test post-test quanti-
tative analysis and a qualitative approach to focus-group interviews.
The relevance of using a mixed methods design in this study is based
on its ideology that combining of both qualitative and quantitative
data provides deeper understanding of the research problem than a
single approach (Fetters et al., 2013). The convergent parallel design
was applied, i.e., the qualitative and quantitative data were collected
within the same time frame, analysed and presented separately in
the Results section and merged later in the interpretation phase in
the Discussion section, when applicable (Halcomb & Hickman, 2015;
Shorten & Smith, 2017).

3.2 | The IPE course of diabetes
management and the participants

The participants were undergraduate second- or third-year nursing
students (n = 15) and fifth- or sixth-year medical students (n = 15),
who had previously finished their mandatory studies in diabetes
care. The students were enrolled in a voluntary, clinical experience
and active learning oriented interprofessional course of diabetes
management and an associated study (Supporting Information 1), as
described in detail previously (Kangas et al., 2021). An email with
information on the upcoming voluntary IPE course and the associ-
ated study was sent to the nearly graduating nursing and medical
students. The first 30 voluntary participants were enrolled after a
review of the entitlement for admission. The control groups included
nursing students (knowledge test n = 27; self-evaluation n = 15) and
medical students (knowledge test n = 47; self-evaluation n = 15)
at the same stage of their studies, who did not participate in the
course. The knowledge test was accomplished by all peer students
after finishing their normal, mandatory diabetes studies, and the
self-evaluation was performed by the students who volunteered
to participate in the IPE course, but were not enrolled, because the
maximum number of participants had already been reached.

The course targeted at providing in-depth knowledge of dia-
betes and its interprofessional care. It introduced to the students
experts in different areas of diabetes care, aiming to increase
the students' understanding of the roles of different disciplines
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in diabetes management. Diabetes specialist nurses, endocrinol-
ogists, a podiatrist, a social worker, a dietitian and a geriatrician
delivered interactive lectures on subjects selected by the students
and covering the main areas of interprofessional care of diabetes.
In addition, the course aimed at improving the students' skills and
abilities as a member of an interprofessional team. Group discus-
sions were arranged at the beginning and at the end of the course,
to share and discuss, e.g., the personal values of the students and
their understanding of the roles of each profession and the patient
in diabetes care.

Each nurse-physician pair of students participated in two
working visits of half a day each, including clinical work in a
gerontological ward and at a diabetes outpatient clinic. The
students had instant feedback on their work from the experts
present. Afterwards, the student pairs prepared a presentation
of one of the patient cases they had met. Altogether four 2-h in-
terprofessional seminars were organized, including the case pre-
sentations, short presentations by the experts and discussions
on the questions raised by the presentations. Self-studies were
supported by offering the students references to relevant, up-
to-date literature on diabetes care. The extent of the course was
three ETCS credits.

3.3 | Assessment of diabetes
knowledge and competence

We used a 20-question diabetes knowledge test, based on the
National Current Care Guidelines of diabetes management, before
and after the course (Supporting Information 2). In addition, a web-
based tool, provided by the National Finnish Diabetes Association
(Finnish Diabetes Association), was used for the self-assessment
of the students' current and targeted competence in diabetes
management before and after the course. The tool includes 13
competence-areas of interprofessional diabetes management,
rated from O = no competence to 5 = specialized competence, as
described in detail previously (Kangas et al., 2021). The control
groups performed the same knowledge test and self-evaluation
once, after finishing their mandatory diabetes education. The par-
ticipating students were focus-group interviewed in three mixed
groups after the course using a semi-structured interview form.
The questions of the interview were related to the purpose and
goals of the study and students' perceptions of their competence
in diabetes care. (Kangas et al., 2021). The question analysed in
this report was: What kind of targets have you set for your future
competence in diabetes management and how do you intend to
achieve them?

3.4 | Data analysis

The normality of the numerical data from the knowledge tests
and the self-evaluations was assessed visually and according to
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the skewness values, which in many cases indicated a non-normal
distribution (Organ, 2020). Therefore, the numerical data were
presented using median, minimum and maximum values, and non-
parametric methods were used in the statistical analyses (Kiihnast
& Neuhé&user, 2008). In the illustrations, group means were used
to visualize the overall level of self-evaluated competence in each
group, because illustrations based on the median values would
have been less informative. A p-value of <.05 was considered
to indicate a statistically significant difference. The Wilcoxon
Signed-Rank Test was used to analyse the changes in pre- versus
post-course self-evaluations and knowledge tests within the nurs-
ing and medical student groups. The comparisons between the
participating vs. control groups and nursing vs. medical student
groups were performed using the Mann-Whitney U test (SPSS
software for Windows 25.0).

The focus-group interviews were analysed using an inductive
content analysis, as it presents a systematic and objective analysis
of previously unknown phenomena (Elo & Kyngéas, 2008). The first
author (SK) listened to the interviews and read the transcripts, and
after getting an overview of the data, performed an open coding
by underlining different meaning units in the text in view of the re-
search question (Bengtsson, 2016). Repetitive meaning units of the
same characteristics were shortened, coded and grouped in sub-
categories. Each code was compared for differences and similari-
ties to be sorted in the adequate, descriptive category (Supporting
Information 3) (Graneheim & Lundman, 2004). During the analysing
process, these stages were reviewed to verify the quality and trust-
worthiness of the analysis and to judge the internal homogeneity
and external heterogeneity of the subcategories (Bengtsson, 2016).
The initial coding process of the first author (SK) was reviewed in-
dependently by another author (T-MR) and thereafter, an agree-
ment of the categorization was discussed to foster validity (Elo &
Kyngéas, 2008). The merging of the qualitative and quantitative find-
ings was performed by the first author (SK) and confirmed by the
other authors.

3.5 | Ethics

The course and the associated study protocol were approved by
the Tampere Planning Committee of the Degree in Licentiate of
Medicine. The patients involved in the students' clinic visits, and the
participating and non-participating students were informed of the
study protocol, of their rights and the anonymity and confidentiality
in the study. Informed consent was obtained from all the participants
prior to enrollment in the study (Kangas et al., 2021). The study was
conducted according to the good scientific practice guidelines (The
Finnish Advisory Board on Research Integrity, 2012), and The Code
of Ethics of the World Medical Association (2017). The person who
analysed the data of the focus-group interviews was not involved
in the planning or implementation of the course. No formal evalu-
ation was performed on the course, which was passed based on
attendance.
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4 | RESULTS

4.1 | Diabetes knowledge of the students

The nursing students scored overall lower than the medical students
in both the pre-course and the post-course knowledge tests. After
the course, pre-post improvement was observed in the nursing stu-
dents only. The knowledge test scores of the participating nursing
students were higher than those of the non-participating controls,
but there was no significant difference in the scores of the partici-
pating vs. non-participating medical students. In addition, the nurs-
ing students had more variation in their scores than the medical

students, but the variation diminished after the course. (Table 1).

4.2 | Self-evaluated current competence in
interprofessional diabetes management

Before the interprofessional course, the nursing students evaluated
their competence in diabetes management lower than the medical
students in five areas of competence. After the course, there were
no differences between the nursing and medical students in any of
the areas of self-evaluated diabetes competence. (Table 1, Figure 1).
The pre-post comparison of self-evaluated competence indicated
improvement in both groups in all areas, except for the area of
Psychology in the medical students. The non-participating control
students evaluated their diabetes competence significantly higher
than the participating nursing and medical students, in all except for
two competence areas for the medical students (Table 1).

4.3 | Targeted competence in interprofessional
diabetes management

After the course, there was increase in two areas of targeted compe-
tence among the medical students and in four areas of targeted com-
petence among the nursing students, compared with the pre-course
target levels (Table 2, Figure 2). When comparing the participating
nursing and medical students, the target levels were higher for medi-
cal students in four areas of competence before the course, whereas
after the course, the only difference was the nursing students' higher
target level in Individual Patient Guidance. Compared with the control
groups, the participating nursing students set their targeted compe-
tence level lower in seven areas of competence and medical students

in one area of competence (Diabetes prevention). (Table 2, Figure 2).

4.4 | Students'
perceptions of their desired competence in
interprofessional diabetes management

The qualitative findings of the students' perceptions of their de-
sired competence in diabetes management are illustrated as “Health

care professional as a continuous learner” with four subcategories
(Table 3). The subcategory Assuring the theoretical competence re-
flects the students' intent to maintain the acquired knowledge and
to deepen it further. Many students were concerned about how eas-
ily the knowledge may disappear. They wanted to gain more com-
prehensive knowledge and understanding of individualized diabetes
management, i.e., how to operate in diverse situations with diverse

patients.

There's so much of this information, and of that
knowledge; you should have a comprehensive com-
petence here. (focus group 2)

Therefore, the Clinical Competence and practice were considered
crucial. Applying the learned abilities to clinical practice, through
various patient cases was considered the ultimate and only real
learning context.

So that you are able to really do these things and at-
tempt and try and err and try again, that's where the

real learning comes from. (focus group 3)

Awareness of One's Current Competence reveals the students' no-
tion that the criteria for specialized competence were remarkably high,
setting the average level of 3 to represent a really good professional
level. Therefore, some students set their targeted competence level
after the course lower than before the course. They noted that dia-
betes management contains an extensive amount of information, but
were not discouraged, if they could not achieve all their targets during
the course. Instead, they were looking forward to learning more in the
future.

Quite many targets remained unachieved, but it

wasn't too discouraging. (focus group 3)

Finally, the subcategory Competency as Help for Patients con-
tains students' expressions of concern about the potential nega-
tive burden of diabetes in the patients' life and how they can and
will use their competence to support and motivate the patients
in their self-management and to prevent the complications of
diabetes.

That's a fate you don't hope for anyone (a complicated
patient case) ... It's then easier to begin to encourage
and motivate the patient to make these changes in the

lifestyle. (focus group 1)

5 | DISCUSSION

This study evaluated the impact of a novel diabetes-specific IPE
course on undergraduate healthcare students' diabetes knowl-
edge, self-evaluated competence and insight into their desired
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FIGURE 1 Nursing and medical
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future competence in diabetes management. The IPE intervention
improved the students' self-evaluated competence and the nursing
students' in-depth diabetes knowledge. The baseline gap between
the nursing and medical students' self-evaluated competence in dia-
betes care disappeared. The participating students showed realis-
tic understanding of their current competence level, self-regulation
competency, motivation to learn more and intent to use the learned
abilities in clinical diabetes care.

We followed the principles of mixed methods research and in-
tegration through merging; comparing, evaluating and discussing
the qualitative and quantitative findings together and against each
other (Fetters et al., 2013) and in relation to previous literature. The
quantitative and qualitative findings of this study were congruent in

many parts and merging of them offered further explanation, as well
as complementary aspects to the results.

The IPE course improved the nursing and medical students' self-
evaluated competence to deliver interprofessional diabetes care and
the nursing students' in-depth knowledge of diabetes, indicating
deeper understanding of their own discipline-specific role, as well
as the roles of other disciplines in diabetes management. These
findings are in line with previously reported outcomes of IPE (e.g.,
Kangas et al., 2018; Raci¢ et al., 2017; Reeves et al., 2017) and may
support positive attitudes towards other healthcare professions and
collaborating with them (Fox et al., 2018). The students still desired
to learn more, indicating that the course increased the students' in-
terest in interprofessional diabetes care, which was also congruent
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Nursing students
Area of competence

FIGURE 2 Nursing and medical
students' targeted diabetes competence
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with the qualitative findings. This interest in learning more from
and about other professions is the foundation of IPE, aiming to
develop collaborative competencies (Interprofessional Education
Collaborative, 2016; World Health Organization, 2010). IPE has
been supported to be integrated with interprofessional experiences
in authentic clinical practice settings (Kangas et al., 2018; Naumann
et al., 2020; Tervaskanto-Maentausta et al., 2017). Our findings may
stem from the course's practical approach, utilizing the clinical expe-
riences during the course. Various patient cases were encountered
in real healthcare settings and were discussed immediately with the
professionals present and afterwards in interprofessional seminars
with experts from several professions (Kangas et al., 2021). This

kind of experiential active learning, with clinic visits and case pre-
sentations, has been considered particularly valuable in IPE settings
(Darlow et al., 2016).

The non-participating control nursing students evaluated
their current competence higher than the course participants, al-
though they scored lower in the diabetes knowledge test. After
the course, the participants seemed to have a better understand-
ing of their skills and competences in diabetes management, com-
pared with the non-participating control students. This result is in
line with IPE's learning objectives, aiming at students recognizing
their limitations in skills, knowledge and abilities (Interprofessional
Education Collaborative, 2016). The contradictory findings of the
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TABLE 3 Nursing and medical students'
perceptions of achieving their targeted
competence in diabetes management

Code

Cannot remember

Swotting up information

Forgetting things

Maintaining information

NursingOpen 1
g-p e WILEY
Subcategory Category
Assuring the Healthcare

theoretical
competence

professional as
a continuous
learner

Need for reviewing the information

Lack of repeating

Need for additional knowledge

More comprehensive learning

Need of knowledge of diverse situations
More of individualized care

Practice in real life
Practicing the learned

Clinical competence

Attempt, error and learning

Learning in working life

Working life teaches the rest
Repetition of patient cases

Doing things for real
Learning from real life

Competency comes from real life
Practicing brings certainty

Tight criteria of diabetes competence
An extensive amount of information
Diabetes is a big entity

Awareness of
one's current
competence

Setting lower target levels of competence
Level 3 as proficient professional
Understanding if targets are not achieved
Rescuing all cannot be a target

Continue to learn more

Able to focus on a variety of things
Supporting diabetes prevention

Competency as help
for patients

Weight-management counselling

Supporting self-care

Motivating in lifestyle issues

Encouraging in self-care
Concern of the patient

Avoiding worsening of the disease

Interference in time
Sad patient stories

self-evaluations and the factual knowledge tests underline the im-
portance of objectively testing the knowledge and competence
of undergraduate students, to ensure a realistic view of their
competences.

The participating students also targeted at lower competence
levels when compared to the non-participating control students.
This was more apparent in the nursing than in the medical students.
The qualitative findings offered more insight into this issue. The
course participants found interprofessional diabetes care challeng-
ing and complex. They also acknowledged their own incomplete
competence and recognized the skills and knowledge still to be
learned, especially in real life. Recently, IPE implemented in realistic
clinical settings has been shown to enhance students' respect for
interprofessional clinical practice (Holmes et al., 2020), which was
evident in our course participants, as well. Recognizing one's own
competence in relation to other team members is essential for effec-
tive interprofessional team functioning, when these students work
as professionals in the healthcare system (Center, 2018).

The results indicate a remarkable potential of nursing students
to adopt in-depth diabetes knowledge and interprofessional com-
petence in this kind of educational initiatives. The IPE course sig-
nificantly balanced the baseline difference between the nursing
and medical students' self-evaluated competence in diabetes care.
In line with our results, a previous study found IPE effective espe-
cially in the education of nursing students, indicating its potential
in preparing collaborative-ready graduating nurses (Thompson
et al., 2020). Our findings revealed the students' positive atti-
tude towards learning more and showed how highly the students
value clinical competence and learning in practice. The students
also expressed an intent to use their acquired competencies to
help the patients. For the nursing students this patient-centred
approach was especially congruent with the quantitative results
showing significantly higher targeted competence levels regard-
ing Individual Patient Guidance, which was the only post-course
difference in targeted competence compared with the medical
students.
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Interestingly, the students' perceptions of their desired com-
petence in diabetes management in the future, e.g., Competency as
help for patients and Assuring theoretical competence, related closely
to the qualities expected from healthcare professionals, i.e., the
core principles of professionalism (Byram, 2017, p. 9). For physi-
cians, these principles include the promise to serve the patient,
to acquire, maintain and advance knowledge and skills, life-long
learning and professional formation (American Board of Medical
Specialties, 2012). Similarly, the Ethical Guidelines of Nursing also
promote constant evaluation and development of one's own com-
petence and intent to improve the patients' quality of life (Finnish
Nurses Association, 2021). These findings illustrate the level of the
professional identity of nearly graduated students and their adop-
tion of the professional core standards in health care. Even though
these findings cannot be considered a result of a single interprofes-
sional course, it is delightful to notice the professional growth re-
lated to the intentions to develop further and to use the acquired
knowledge and skills in clinical practice

5.1 | Strengths and limitations

The strengths of this study are in the interprofessional course and
the study protocol, which were carefully planned and successfully
organized by an interprofessional group specialized in diabetes care,
education and research. As previous studies have mainly focused
on healthcare professionals, this study significantly enhanced our
knowledge regarding the diabetes competence of undergraduate
students. The mixed-methods design can also be seen as a strength
of this study, as combining qualitative aspects with the quantitative
results offered valuable insight into the subject. A coherence of the
results was observed, i.e., different forms of data resulted in similar
findings, increasing their credibility.

The study also has some limitations. This study is based on a rel-
atively small number of students, due to the voluntary pilot course
setting, and the labour-intensive learning methods applied. As pre-
viously stated, planning and conducting an IPE programme generally
requires extensive efforts and resources (Kangas et al., 2018; Lawlis
et al., 2014). In addition, the course participants were selected by
their own willingness and did not necessarily represent the whole
undergraduate student population, which may diminish the general-
izability of the results. The applied diabetes knowledge test and self-
assessment tool are not officially validated. The self-evaluation tool,
however, has been designed by the Finnish Diabetes Association
and used in clinical practice to evaluate the diabetes competence of

healthcare professionals (Unpublished results).

6 | CONCLUSION

This IPE intervention increased the students' self-evaluated com-
petence, interest in specific areas of interprofessional diabetes
management and nursing students' in-depth diabetes knowledge,

offering a good starting point for interprofessional collaboration
in diabetes management. The non-participating students tended
to evaluate their competence higher and to target at higher com-
petence levels than the participants, although the nursing students'
scores were lower in the diabetes knowledge test. The findings re-
vealed the participating students' realistic understanding of their
current competence level, motivation to learn more and intent to use
the acquired knowledge and skills in clinical diabetes care. In addi-
tion, it gave an insight into the nearly graduated healthcare students'
level of professional identification and self-regulation competency.
The sustainability and generalizability of the observed findings de-
serve to be clarified in further studies.
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