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Abstract 

Background The increasingly complex patient care in the twenty-first century is delivered by interprofessional 
health care teams. Interprofessional collaboration can be taught during interprofessional education. However, 
whether a long-term change in collaborative competencies can be achieved by interprofessional education 
has not been studied sufficiently. Our research questions were: How does motivation for interprofessional collabora-
tion and interprofessional collaborative skills change up to one year after an interprofessional educational interven-
tion? How are they related to each other?

Methods During a one-year period, undergraduate medical and nursing students attended four interprofessional 
(intervention) or uniprofessional (control group) education sessions. Self-determination Theory was used as the theo-
retical framework. Autonomous and controlled motivation scores for interprofessional collaboration were calculated 
using the Academic Self-Regulation Questionnaire, before (T1), directly after (T2) and one year post-intervention (T3). 
At T3, the students also filled out the Interprofessional Collaborative Competencies Attainment Survey (ICCAS), which 
measured the perceived attainment of collaborative competencies by a retrospective pre-test/post-test design. We 
used linear mixed effects models to analyse the motivation scores and linear regression for the relation between moti-
vation and competence.

Results In the interprofessional group, autonomous motivation scores of the participants were significantly lower 
at T2 vs. T1. Controlled motivation scores were significantly higher at T3 vs. T1. Controlled motivation scores for T2 
were significantly higher in the uniprofessional group than in the interprofessional group. Perceived competence 
was related to higher autonomous motivation scores. At T3 the interprofessional collaborative competencies seemed 
to have grown more among students in the interprofessional group.

Conclusions The perceived growth in interprofessional collaboration competence lasted at least up to one year 
after the intervention, and was measurable with the ICCAS. The growth was significantly more in the IPE students 
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Background
Interprofessional collaboration and communication 
seems to be inherent to providing good patient care. 
Nevertheless, miscommunication in health care happens 
often and leads to medical errors or financial losses [1, 2]. 
During the Covid-19 pandemic, interprofessional collab-
oration has proven to be essential to deliver effective high 
quality care [3].

Also in the healthcare of the future, interprofessional 
collaboration will become even more important, as the 
increasingly complex patient care in the twenty-first cen-
tury can only be delivered by interprofessional health 
care teams [3]. Throughout the world, many healthcare 
systems struggle with a shortage of health care work-
ers [4]. Effective interprofessional collaboration can not 
only help to overcome this shortage, thus helping profes-
sionals as well as organisations, but it can also improve 
patient care [5, 6].

Interprofessional education (IPE) is essential to pre-
pare students for this interprofessional collaboration in 
clinical practice, but this type of education is often absent 
in health professions curricula. IPE is defined as “when 
two or more professions learn with, from and about each 
other to improve collaborations and the quality of care” 
[7].

Literature reviews demonstrate that IPE is effective in 
improving learners attitudes towards other disciplines [8, 
9]. IPE may also improve collaborative skills and behav-
iour. Most studies show positive effects directly after 
IPE-interventions, such as readiness for interprofessional 
learning, satisfaction, or attitudes towards other profes-
sions. However, more studies are needed that focus on a 
long-term change in collaborative competencies, which is 
the penultimate aim of IPE [8–12].

Outcomes of IPE interventions can be predicted by 
student motivation [13, 14]. Self-determination Theory 
(SDT) can help to understand the underlying mecha-
nisms. SDT identifies different kinds of motivation: amo-
tivation, extrinsic and intrinsic motivation. In case of 
amotivation there is no intention to act. Extrinsic moti-
vated behaviours are driven by external factors, such as 
to gain a reward or to avoid a negative experience. Extrin-
sic motivation has different levels of self-determination: 
external regulation, introjected regulation, identified 

regulation and integrated regulation. Intrinsic motiva-
tion is the most self-determined motivation and makes 
a person carry out an activity for personal interest. SDT 
identifies three basic psychological needs, autonomy, 
relatedness and competence, that need to be fulfilled and 
stimulate intrinsic motivation. Thus, SDT framework can 
be used to study the process and effects of interprofes-
sional education [15].

The SDT has not received a lot of attention in the con-
text of interprofessional education. Visser et al. [16] used 
SDT to study students’ motivation for interprofessional 
collaboration after an experience on a interprofessional 
education ward. They found an increase in students’ 
autonomous motivation for interprofessional collabora-
tion directly after their IPE experience. Ganotice et  al. 
[14, 17] were able to explain variances in behavioural out-
comes (e.g. behavioural engagement in an IPE activity) 
with students’ motivation. The effect of classroom based 
IPE on students’ motivation and the effect of this motiva-
tion on students’ long-term interprofessional collabora-
tion skills has not yet been investigated.

The research questions for the current study were:

– Is there a change in motivation for interprofessional 
collaboration up to one year after an interprofes-
sional educational intervention?

– Is there a change in perceived interprofessional col-
laboration skills up to one year after an interprofes-
sional educational intervention?

– Is motivation for interprofessional collaboration 
associated with interprofessional collaboration com-
petence?

Methods
Self‑determination theory
In this study we focused on collaborative competencies 
and motivation. We used the Self-determination Theory 
(SDT) framework to study this. Figure 1 depicts the dif-
ferent states of motivation and the influence of the basic 
psychological needs. Intrinsic motivation, integrated and 
identified regulation together are often referred to as 
‘autonomous motivation’. Introjected and external regula-
tion together are often referred to as ‘controlled motiva-
tion’. In this study we used these concepts of ‘autonomous 

than in the UPE students. The few differences found in motivation scores for interprofessional collaboration were 
probably caused by an imbalance of nursing versus medical students over the different time points. This finding indi-
cates that classroom based IPE can contribute to interprofessional collaboration skills of nursing and medical students 
at least up to one year after an intervention.

Keywords Interprofessional education, Interprofessional collaboration, Long-term effect, Motivation, Self-
determination theory, Undergraduate medical students, Undergraduate nursing students
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motivation’ and ‘controlled motivation’, since autono-
mous motivation is associated with more sustained 
change and better performance [18].

Participants
Undergraduate medical and nursing students were 
included. The nursing students were in their third year 
of a four-year educational program, in which classroom 
education alternates with participation in clinical prac-
tice. Three groups of nursing students (maximum 24 
students per group) were asked to participate in this 
study. The nursing students were individually randomly 
assigned to the intervention or control group.

The medical students were starting their first year of 
the master’s program, which consisted of 3 years of learn-
ing by participating in healthcare in a range of disciplines 
during different clerkships, alternated with a few weeks 
of classroom based teaching. Every six weeks a group 
of maximum nine students started their clerkships at 
our educational facility. All groups that started between 
March 2018 and March 2019 were asked to participate in 
the study and were assigned as a group to the interven-
tion or control group based on their schedule and if that 
could match with one of the nursing groups.

Students had no prior interprofessional education 
experience.

Setting and assignment
At the Northwest Clinics in Alkmaar, the Netherlands, 
students were asked to draw up health care plans for 
paper-based geriatric patient cases, four times over a 
one-year period. The four cases, with an increasing level 
of difficulty during the year and typical geriatric care 
problems, were constructed through discussion with dif-
ferent geriatric experts [19].

In the control group, students wrote the health care 
plans on their own (uniprofessional education group, i.e. 
UPE-group). In the intervention group, the health care 
plans were written by randomly paired medical and nurs-
ing students (interprofessional education group, i.e. IPE-
group). In each session different pairs were assembled to 
create diversity among the collaboration partners. Each 
session lasted for one hour.

Questionnaires
To assess the students’ motivation for interprofes-
sional collaboration, a Dutch version of the Academic 
Self-Regulation Questionnaire (SRQ-A) was used [20]. 
This 16-item questionnaire measures individual differ-
ences in the four types of regulation: external regulation, 
introjected regulation, identified regulation and intrin-
sic motivation. Each of the 16 items was scored on a 
5-point Likert scale. A score for autonomous motivation 
was calculated as an average of intrinsic motivation and 
identified regulation scores. Controlled motivation was 
calculated as an average of introjected and external regu-
lation scores. Validity and reliability of the measurement 
of motivation with the Dutch version of the SRQ-A have 
been reported in earlier studies, including its suitability 
for measurement among medical students [21–23].

The Interprofessional Collaborative Competencies 
Attainment Survey (ICCAS) was used to assess the 
change in the students’ interprofessional collaboration-
related competencies after the intervention. The ICCAS 
is validated for such purpose with undergraduate stu-
dents [24, 25]. The ICCAS uses a retrospective pre-test/
post-test design to the self-assessment, which means that 
the participants only fill out the questionnaire once after 
the intervention and rate their ability for each statement 
twice: Once for ‘pre’ (before the intervention) and once 

Fig. 1 The Self-determination Theory (adapted from Ryan & Deci (2000) [18])
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for ‘post’ (after the intervention, in our study one year 
after the intervention, see Fig.  1). The twenty ICCAS 
items are related to interprofessional communication, 
collaboration, roles and responsibilities, collaborative 
patient-family-centered approach, conflict management/
resolution, and team functioning, and are answered on a 
1–7 Likert-scale. As recommended by Schmitz et al. [25] 
and Lunde et al. [26] we used 1 overall score ‘pre’ and 1 
overall score ‘post’ of the ICCAS and did not analyse all 
separate items. The overall scores are calculated as the 
means of all items ‘pre’ and all items ‘post’. The ICCAS 
was translated from English into Dutch by using the Bea-
ton translation method [27].

Before (T1), directly after (T2) and one year after the 
intervention (T3) the students filled out the SRQ-A. At 
T3, the students also filled out the ICCAS. At T1 and 
T2 students were present in the classroom to fill out the 
questionnaires, at T3 the questionnaires were sent by 
email. Figure 2 depicts the research timeline.

Statistical analysis
SPSS version 28.0.0.0 was used to process and analyse the 
results.

Missing data were imputed with the ‘average of the 
available items’: Within one participant, the scores of the 
questions that refer to the same motivation type as the 
missing value, were used to calculate an average. This 
average score replaced the missing value.

We used linear mixed effects models with random 
intercept and fixed effects for group (uniprofessional ver-
sus interprofessional) and time, to assess the longitudinal 
change in autonomous motivation scores and controlled 
motivation scores within each group. Timepoints were 
included as factor to account for non-linear effects over 
time. To study autonomous and controlled motivation 
scores over time within the interprofessional group, we 
repeated the linear mixed model analyses with interpro-
fessional participants as reference category. Interaction 

effects between group and time were used to assess 
whether autonomous motivation scores and controlled 
motivation scores trajectories differed over time between 
the uniprofessional and interprofessional participants. 
Simple linear regression analysis was performed to inves-
tigate the relationship between autonomous motivation 
at T3 (predictor) and the ICCAS post-score (dependent 
variable).

A power analysis was conducted for both the variables 
motivation and skills to determine the sample size. With 
an anticipated mean of 3.5 for motivation for the UPE-
group and 4.0 (SD ± 0.5) for the IPE group, alpha = 0.05 
and a power of 0.8, the calculated sample size was 16 par-
ticipants per group. An anticipated mean of 4 for inter-
professional collaboration skills for the UPE-group and 
5 (SD ± 1) for the IPE group, alpha = 0.05 and a power of 
0.8, the calculated sample size also was 16 participants 
per group. For the increase score of the ICCAS we antici-
pated a mean of 0.5 for the UPE-group and 1 (SD ± 0.2) 
for the IPE group, alpha = 0.05 and a power of 0.8. The 
calculated sample size for this analysis was 3 participants 
per group.

Results
Group characteristics
A total number of 127 students were included in the 
study. In both, UPE and IPE groups, the majority was 
female, which reflects the gender distribution in both 
medical (≈70%) and nursing curricula (≈90%) in the 
Netherlands [28, 29]. Gender, age and the proportion of 
nursing students versus medical students was not statisti-
cally different between both groups (Table 1).

At T2 and T3 not all included students filled out the 
SRQ-A and at T3 not all students filled out the ICCAS. At 
T2 students received the questionnaire in the classroom, 
but at two session the questionnaire was not handed out 
or students forgot to fill it out (missing n = 25). At T3 
the questionnaires were sent by email. Despite multiple 

Fig. 2 Research questionnaires and assignments timeline
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reminders, not all students responded to the mail (miss-
ing n = 68). It could be that some students at T2 or T3 
had already quit their educational program, but because 
of privacy reasons we were not kept informed about their 
personal circumstances.

The proportion of nursing versus medical students that 
responded to the questionnaires at T3, between the UPE 
and IPE groups differed (Fig. 3).

Academic self‑regulation questionnaire
The descriptive results of the Academic Self-regulation 
questionnaire are shown in Table 2.

In the UPE-group, the autonomous and controlled 
motivation for interprofessional collaboration scores did 
not change significantly over time.

In the IPE-group, autonomous motivation scores were 
significantly lower on T2 vs. T1 (β = -0.21 95%CI [-0.42: 
-0.01], p = 0.041) and controlled motivation scores were 
significantly higher on T3 vs. T1 (β = 0.43 95%CI [0.15: 
0.81], p = 0.004).

When comparing the UPE-group with the IPE group, 
the trajectory of the controlled motivation scores over 
time was significantly higher at T2 in the UPE students 
than in the IPE students. All others scores between the 
groups were not significantly different (Table 3, Fig. 4).

ICCAS
The response rate of the ICCAS was 46% (n = 59). The 
age of the UPE-group was significantly higher (22 versus 
20.5  years old) than that of the IPE-group. Gender and 
the proportion of nursing students was not significantly 
different between the groups. The mean pre and mean 
post scores of the ICCAS did not differ between the UPE 
and IPE groups. The difference between the pre and post 
score was significantly different between the UPE and 
IPE groups, with an moderate effect size (Cohen’s D: 
0.588). Educational level (nursing vs medical), gender and 
age were not associated with differences in ICCAS scores 
between the groups. Table 4 depicts these results.

Association SRQ‑A and ICCAS
The regression analysis showed a statistically sig-
nificant association between the post-score at the 
ICCAS and autonomous motivation at T3 (R2 = 0.247, 

Table 1 Group characteristics at T1

% Nursing students, % Female, % prior IPE experience: Fisher’s exact

Age: Independent samples T-test

Uniprofessional 
Education 
N = 68

Interprofessional 
Education N = 61

p‑value

Nursing students n(%) 28 (41%) 30 (49%) 0.381

Female n(%) 57 (84%) 43 (71%) 0.091

Age, years (± sd) 21.8 (± 2.7) 21.0 (± 2.6) 0.080

Prior IPE experience 
n(%)

5 (7%) 4 (6%) 1.000

Fig. 3 Proportion (%) of nursing students in the IPE and UPE groups 
at T1, T2 and T3

Table 2 Controlled and autonomous motivation for interprofessional collaboration in the UPE and IPE group at T1, T2 and T3

Motivation scores: Likert 1–5

T1 T2 T3

n(%) Mean ± SD n(%) Mean ± SD n(%) Mean ± SD

UPE 67(100%) 45(67%) 32(48%)

 Autonomous motivation 3.9 ± 0.58 3.8 ± 0.55 3.8 ± 0.62

 Controlled motivation 2.3 ± 0.64 2.5 ± 0.69 2.5 ± 0.68

IPE 60(100%) 57(95%) 27(45%)

 Autonomous motivation 4.0 ± 0.48 3.8 ± 0.58 4.0 ± 0.58

 Controlled motivation 2.4 ± 0.76 2.2 ± 0.74 2.9 ± 0.84
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F = 19,073, p < 0.001). The fitted regression model was: 
y = 3.56 + 0.611x (p < 0.001). A higher autonomous moti-
vation for interprofessional collaboration at T3 (predic-
tor) was associated with a higher post-score at the ICCAS 
(dependent variable).

Discussion
In this study we looked at the effect of IPE on motivation 
for interprofessional collaboration and interprofessional 
collaborative skills of undergraduate nursing and medical 
students one year after the intervention. We also studied 
the association between motivation and collaborative 
skills in this context. We found a significant relationship 
between interprofessional collaborative skills and auton-
omous motivation for interprofessional collaboration at 
T3. The more motivated nursing and medical students 
are to collaborate interprofessionally, the more compe-
tent they are at those skills. This is in line with the Self-
determination Theory, in which autonomous motivation 
is associated with more sustained change and better per-
formance [18]. This finding implicates that stimulating 
the autonomous motivation of students to collaborate 
interprofessionally, will result in better interprofessional 
collaborative skills. According to SDT, stimulation of 
the autonomous motivation can be achieved by fulfill-
ing the basic psychological needs of autonomy, belong-
ingness and competence. In interprofessional education, 

Table 3 Differences between the autonomous en controlled motivations scores compared to T1 in each group

Motivation scores: Likert 1–5

T2 vs T1 T3 vs T1

n(%) Beta [95%CI] p‑value n(%) Beta [95%CI] p‑value

UPE 45(67%) 45(67%)

 Autonomous motivation -.09 [-.31 – .12] 0.391 -.15 [-.38 – .09] 0.223

 Controlled motivation .23 [-.04 – .50] 0.097 .21 [-.09 – .51] 0.175

IPE 57(95%) 57(95%)

 Autonomous motivation -.21 [-.42 – -.01] 0.041 -.01 [-.27 – .25] 0.940

 Controlled motivation -.23 [-.49 – .03] 0.085 .48 [.15 – .81] 0.004

Fig. 4 Controlled and autonomous motivation for interprofessional collaboration in the UPE and IPE groups

Table 4 Comparison of student characteristics at T3 and ICCAS 
scores of the UPE and IPE groups

ICCAS: Likert 1–7

% Nursing students, % Female: Fisher’s exact

Age, Mean pre, Mean post, Mean difference: Independent samples T-test
* p < 0.05

UPE (n = 32) IPE (n = 27) Sig. p = 

Nursing students n(%) 12 (38%) 17 (63%) 0.069

Female n(%) 30 (94%) 20 (74%) 0.066

Age, years (± sd) 22 (± 2.9) 20.5 (± 2.8) 0.046*

Mean pre, mean (± sd) 5.1 (± 1.1) 4.8 (± 1.0) 0.190

Mean post, mean (± sd) 5.8 (± 0.8) 6.0 (± 0.7) 0.296

Mean difference, mean (± sd) 0.7 (± 0.9) 1.3 (± 1.1) 0.028*



Page 7 of 9Teuwen et al. BMC Medical Education          (2024) 24:269  

autonomy could be fulfilled, for example, by letting stu-
dents decide what kind of interprofessional activity they 
participate in, to practice their skills. While practicing 
interprofessional skills, students’ feeling of competence 
will also grow, fulfilling the second basic psychological 
need. The feeling of belonginess could be achieved by 
more contact and joint activities between students of dif-
ferent educational programs, such as medicine, nursing, 
and pharmacy. For example, interprofessional education 
wards could also facilitate this [16].

Although we expected that the IPE intervention would 
stimulate students autonomous motivation, despite an 
adequate sample size, we did not find that in our results. 
This could be caused by a ceiling effect, since autono-
mous motivation scores in the IPE-group were already 
4.0 at T1. However, with a mean score of 4.0 at T3, we 
could still say that the IPE-students in our study were 
autonomously motivated to collaborate interprofession-
ally, but maybe the intervention was not able to increase 
this motivation.

Most motivation scores were not significantly differ-
ent in between the different timepoints or between the 
groups, but some significant differences were found. The 
IPE-students had significantly less autonomous moti-
vation directly after the intervention (T2) compared to 
their scores at T1. And, compared to the UPE-group, the 
IPE-group had also lower controlled motivation scores at 
T2. We were unable to explain these two findings based 
on the nature of the intervention. However, the bigger 
proportion of nursing students in the IPE-group could 
explain the change and difference in controlled as well as 
in autonomous motivation. If their motivation is different 
than that of the medical students, the motivation scores 
will change according to the change in proportions. The 
motivation in nursing students could be different because 
the curricula of medical and nursing students in our 
study differ. The nursing students in our study worked 
on the ward four days a week, collaborating with dif-
ferent kinds of professionals. This is in contrast to the 
medical students in this study, who often stated that they 
only collaborated with their own profession during their 
internships. Because the nursing students didn’t have a 
choice and collaborating interprofessionally was incor-
porated in their curriculum, that could have contributed 
to more controlled motivation. Meanwhile, this experi-
ence in clinical practice could make nursing students also 
more autonomously motivated, as seeing the added value 
of interprofessional collaboration themselves. The differ-
ent opinions of nurses and physicians and their interpro-
fessional collaboration has been described before in the 
literature. In a review study by Tang et al. [30] nurses also 
seem to appreciate collaboration with physicians more 
than vice versa.

Our last finding in this study concerns the interpro-
fessional collaborative competencies of the nursing and 
medical students. The students in the IPE-group in our 
study perceived to have grown more in their interprofes-
sional competencies than the students in the UPE-group. 
The ‘after-scores’ (T3) were not significantly different 
between the IPE and UPE groups, but IPE-students rated 
themselves somewhat lower in the pre-score and some-
what higher in the after-score than UPE-students. Maybe 
IPE-students realized what they did not know about 
interprofessional collaboration because the attended IPE-
sessions. They became consciously incompetent instead 
of unconsciously incompetent. It is an interesting finding 
that our intervention was big enough to achieve such a 
difference and also that the difference is still significant 
one year after the intervention. This adds to the literature 
of the long-term effects of IPE-interventions, since such a 
finding has not been described before. A few other stud-
ies have also used the ICCAS after an IPE-intervention 
and they have reported a positive change between pre 
and post scores, but this was measured directly after 
the intervention [31–33]. Gunaldo et  al. [34] did study 
the long-term effect of a one-time IPE-intervention on 
interprofessional collaboration using the ICCAS, one 
year after the intervention. They did not find significant 
change, but this may have been because their interven-
tion was shorter than ours. Mink et al. [35] used another 
questionnaire, the Assessment of Interprofessional Team 
Collaboration Scale and found an increase of perceived 
interprofessional skills directly after, but also 3 months 
after the IPE-intervention. The effect size of 0.6 meas-
ured 3 months after the intervention was similar to the 
effect size we found in our study. McNaughton et al. [11], 
in their scoping review, describe that most studies tend 
to have positive long-term effects of IPE on interprofes-
sional collaboration, but that most studies use self-meas-
urements. This is also a limitation in our study.

Our study was subject to some limitations. The 
response at T3 was relatively low, and, compared to the 
UPE-group, the proportion of nursing students in the 
IPE-group was bigger at T3. Although the sample size 
was adequate, this could have influenced the results. 
Future research with larger sample sizes could find signif-
icant differences between nursing and medical students. 
Also more different professions could be included, such 
as pharmacy and physical therapy. The second limita-
tion is the self-measurement tool we used, the ICCAS. 
Although we found significant differences between the 
intervention and the controlled group, the outcome is 
perceived attainment of competencies, not the actual 
performance in clinical practice. Data collection of the 
ICCAS at T2 could have helped to determine compe-
tency development. This is a limitation of our study, since 
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we did not collected this data. Collecting the ICCAS 
data at several points in time would be an implication for 
future research involving the ICCAS [36]. In addition, it 
would be interesting to know, if students’ acquired com-
petencies are carried beyond graduation into early inter-
professional practice. Measuring their’ skills just after 
graduation could clarify this pattern.

Finally, future research should focus on finding tools 
to measure actual interprofessional competencies of stu-
dents in clinical practice. The ICCAS maybe suitable for 
this, but other methods can also be considered, such as a 
360-degree feedback.

Conclusions
In this study we looked at the long-term effect of IPE on 
motivation for interprofessional collaboration and per-
ceived competence for interprofessional collaborative 
skills. More autonomous motivation for interprofessional 
collaboration was associated with more interprofes-
sional competence. The perceived growth in interprofes-
sional collaboration competence lasted at least up to one 
year after the intervention, and was measurable with the 
ICCAS. The growth was bigger in the IPE students than 
in the UPE students. This finding indicates that class-
room based IPE, if offered to a sufficient extent, can con-
tribute to interprofessional collaboration skills of nursing 
and medical students in the long term.
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