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Universities are offering hybrid interprofessional health sciences collaboration 
education courses to address the challenges of schedule synchronization, silos, and 
communication. This article focuses on analyzing the psychometric quality of a 
questionnaire used in a setting where interprofessional teams collaborated online 
and face-to-face in a hybrid university health sciences course. This questionnaire was 
originally designed for people in the working world in order to assess the constructs 
of  collaboration (communication, synchronization and explicit and implicit 
coordination) mobilized in the face-to-face setting. The results of the second order 

1. The French version was published in issue 45(1) 2022: https://doi.org/10.7202/1097152ar
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confirmatory factor analyses support its use in an academic context and support the 
metric qualities of the original questionnaire. Online and face-to-face collaboration 
could be measured using this questionnaire in a hybrid university pedagogical 
context. The study mobilizes knowledge about the evaluation of collaboration, an 
avenue that little research has taken to date.

Mots-clés : collaboration interprofessionnelle, collaboration en ligne, classe inversée, 
instrument d’évaluation, enseignement hybride, compétence numérique, 
enseignement supérieur

Des universités offrent des cours d’éducation à la collaboration interprofessionnelle 
en sciences de la santé et, pour faire face aux défis de synchronisation des horaires, 
de cloisonnement et de communication, plusieurs sont dispensés en mode hybride. 
Cet article s’intéresse à l’analyse de la qualité métrique d’un questionnaire utilisé en 
contexte où des équipes interprofessionnelles ont collaboré en ligne et en présentiel 
dans le cadre d’un cours universitaire hybride en sciences de la santé. Initialement, ce 
questionnaire a été conçu pour des personnes du monde du travail dans le but d’évaluer 
les composantes de la collaboration (communication, synchronisation et coordinations 
explicite et implicite) mobilisées en présentiel. Les résultats des analyses factorielles 
confirmatoires de second ordre appuient les qualités métriques du questionnaire 
original. La collaboration en ligne et en présentiel pourraient être mesurées à l’aide de 
ce questionnaire dans un cours universitaire hybride. L’étude mobilise des connaissances 
sur l’évaluation de la collaboration, une voie scientifique peu connue à ce jour.

Palavras-chave: colaboração interprofissional, colaboração online, sala de aula invertida, 
instrumento de avaliação, ensino híbrido, competência digital, ensino superior

As universidades oferecem cursos de formação em colaboração interprofissional 
nas ciências da saúde e, para lidar com os desafios de sincronização de horários, 
compartimentalização e comunicação, vários são oferecidos na modalidade híbrida. 
Este artigo centra-se na análise da qualidade métrica de um questionário utilizado 
no contexto em que equipas interprofissionais colaboraram online e presencialmente 
no âmbito de um curso universitário híbrido de ciências da saúde. Inicialmente, este 
questionário foi concebido para pessoas do mundo do trabalho com o objetivo de 
avaliar as componentes da colaboração (comunicação, sincronização e coordenação 
explícita e implícita) mobilizadas na modalidade presencial. Os resultados das 
análises fatoriais confirmatórias de segunda ordem apoiam as qualidades métricas do 
questionário original. A colaboração online e presencial pode ser medida usando este 
questionário num curso universitário híbrido. O estudo mobiliza conhecimentos sobre 
a avaliação da colaboração, um caminho científico pouco conhecido até o momento.

Author’s note:  Please address correspondence regarding this  article to  
audrey.raynault@fse.ulaval.ca.
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Introduction

The competency of  collaboration has been integrated into profes-
sional profiles for over a decade in Canada and the Quebec province, 
for example in engineering (OIQ, 2005; 2021), health and psychosocial 
sciences (NAPRA, 2014; CNA, 2011, 2015; CanMEDS, 2005; 2015; 
CIHC, 2012), and more recently, education (MEES, 2018; 2020). With 
rising use of  digital technology at work and in education, collaboration 
is recognized to be an essential skill (UNESCO, 2015).).

Research shows that university students benefiting from collabo-
rative learning have higher academic performance, their engagement 
is more constant, and they have better problem-solving skills in teams 
than students in more traditional lecture-based courses (Kirschner, 2001; 
Strelan et al., 2020). Studies into digital-supported collaborative learning 
have often been conceptual using the computer-supported collaborative 
learning approach (CSCL), a term coined by O’Malley and Scanlon in 
1989. Research by Lipponen (2000) made significant inroads into work 
on the concept and its methodology. Research into CSCL over the last 
30 years has mainly applied experimental methodological approaches 
spanning from action research to codesign. CSCL research studies digital-
supported education using collaboration between learners to improve the 
learning process and facilitate group learning (Laferrière, 2019). In other 
words, collaborative learning is underpinned by active pedagogy and pre-
pares future professionals for collaborating in the workplace (UNESCO, 
2015; Scott, 2015).

Studies into collaboration at work have also been conducted. 
Unfortunately, descriptions of the methodologies used in studies to date 
are insufficient. Also, the conceptual definitions of communication, coo-
peration, coordination, and collaboration used are often too similar, 
leading to ambiguity which undermines results (Bedwell et al., 2012). 
Questionnaires proposed in health care by Accreditation Canada and 
professional associations assess overall competencies necessary for inter-
professional work and collaboration without specifying criteria required 
for the collaboration process. The study by Chiocchio et al. (2012) resulted 
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in the creation of a questionnaire in French that assesses the components 
of collaboration based on recommendations by Bedwell et al. (2012). The 
questionnaire provided proof of validity in interprofessional work situa-
tions, in management and health for example, leading to the conceptuali-
zation of the interdependent processes of collaboration: communication, 
synchronicity, implicit coordination, and explicit coordination. Despite 
scientific proof of the questionnaire’s validity at work, we cannot presume 
this questionnaire is transferable to post-secondary learning.

The purpose of  this study is to analyze the quality of  the question-
naire’s metrics and how the four components function in a university team 
working both online and face-to-face. We assess the pertinence of  the 
questionnaire as a tool for measuring collaboration in students cocreating 
and problem-solving online and face-to-face.

The analysis provides evidence confirming that the collaboration 
construct comprises four components. The results shed light on knowledge 
about using collaboration processes online and face-to-face for co-creating 
and problem solving in hybrid university courses. We also make recom-
mendations for future research.

The Problem
Digital Activities and Learning to Collaborate in Interprofessional 
Education

Universities worldwide offer Interprofessional Education (IPE) pro-
grams to teach collaboration in health and social services to prepare 
future professionals for collaborating in the field (Reeves et al., 2016). 
For example, Université de Montréal has been offering an IPE program 
working with patients for over 15 years. It comprises three hybrid courses 
in collaborative flipped classrooms (Raynault et al., 2020). The purpose is 
to develop practical skills for collaborating and developing partnerships 
with patients in health and psychosocial sciences (Barr, 2015; DCPP 
and IOC-UdeM, 2016; Raynault et al., 2020). There are several types of 
flipped classroom, but generally: (a) most of  the reading material and 
information videos are available for asynchronous learning before classes 
which are held either synchronously online or face-to-face; (b) time in 
class or synchronous learning is dedicated to active and social learning 
activities; and, (c) students are required to work before and/or after 
class to fully assimilate teamwork and class interactions (Abeysekera & 
Dawson, 2015).
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Research shows that IPE promotes the creation of positive interaction 
between students from different programs, encourages interprofessional 
collaboration in clinical settings (Thistlethwaite, 2012), and improves 
health care and patient safety (Lapkin et al., 2013; Reeves et al., 2016). 
There are also difficulties in IPE that can hinder collaboration between 
health professionals which adversely affects patient care (Lawlis et al., 
2014). They include the confrontation of  different professional biases, 
inconsistent schedules, and poor communication. IPE must also over-
come the logistical challenge of  organizing classes of  large groups of 
students from different programs (Reeves et al., 2016). To tackle these 
issues, Université de Montréal grouped 13 programs which they separated 
into 800 interprofessional teams to work together on problem-solving and 
co-creating tasks, initially online. Two months later, their collaboration 
continued in face-to-face workshops coordinated by a professional and 
a patient. In this case, a combination of synchronous and asynchronous 
learning via digital technology were used so team members can work toge-
ther over a longer period.

The key bodies promoting IPE learning such as the National Center 
for Interprofessional Practice and Education in the US, the Canadian 
Interprofessional Health Collaborative in Canada, and the Centre for the 
Advancement of Interprofessional Education in the UK, recognize that 
evaluating collaboration in IPE training is a challenge and prompt the 
research community to study the creation of tools to measure collabora-
tion and other competencies required in interprofessional work.

Digital-supported Collaborative Learning
Using digital technology for collaborative learning is:

an active approach where learners work to build their knowledge facilitated 
by a trainer or teacher whereas the group motivates and is a source of infor-
mation, support, and interaction for the co-development of knowledge (Henri 
& Lundgren-Cayrol, 2001, p. 34)

Grosjean (2004) adds that collaborative learning “requires the virtual 
copresence of learners and a teacher via synchronous and asynchronous 
interaction” (p. 2).

Over the last 20 years, researchers have studied different forms of 
online and face-to-face learning including communities of  practice 
(Wenger, 1998), network learning communities (Bielaczyc & Collins, 
1999; Laferrière, 2005; 2019), community of  inquiry (Garrison et al., 
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2000), knowledge co-development (Scardamalia & Bereiter, 2007), and 
computer-supported collaborative learning (CSCL) (Laferrière, 2005). 
These studies drove important developments in learning methods pro-
moting collaborative learning and resulted in recommendations. Teachers 
should apply particular strategies and adopt certain behavior with a team 
of students working on collaborative learning tasks, such as problems, 
cocreating, and conception, synchronously and asynchronously in a digi-
tal learning environment. They should (a) provide teams with a supportive 
framework to teams and propose assessment and self-assessment tools 
during teamwork; (b) assist students with the technology necessary for 
working in a team; (c) give clear instructions for completing the collabo-
rative task in advance; and, (d) propose collaborative tasks which require 
teamwork and interdependency between team members. The proposed 
tasks should promote interaction between team members, so they solve 
real problems while co-developing knowledge (Evans et al., 2016; Hei et 
al., 2016; Jeong & Hmelo-Silver, 2016; Kim et al., 2014; Kirschner, 2001; 
Laferrière & Resta, 2007; Martin et al., 2012; Scardamalia & Bereiter, 
2007; Waterston, 2011).

Collaboration has also been studied in the professional context. For 
example, work by Chiocchio et al. (2012) resulted in the development of 
a questionnaire which shows interdependence between four components 
of collaboration in the workplace: communication, synchronicity, explicit 
coordination, and implicit coordination, and verified their psychometric 
properties. Other studies have highlighted the quality of the metrics resul-
ting from the questionnaire in interprofessional contexts (Caniëls et al., 
2019; Durand & Fleury, 2021).

Overall, there are insufficient mechanisms and tools to assess collabo-
ration in both learning and professional contexts. Future research should 
focus on the assessment of  collaboration in university education for in-
depth and optimal development of this competency in students (Resta et 
al., 2018; Scott, 2015). 
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Theoretical Framework

Collaborative Learning to Develop Collaboration Skills
Close links have been shown between deep learning, collaboration, 

and digital platforms by many cognitive science and sociocultural studies 
into learning (Bereiter, 2002; Brown, 1994; Bruner, 1978; Rogoff, 1994; 
Scardamalia & Bereiter, 1994; 2007).

Collaboration also makes it possible to undertake a task, achieve com-
mon goals, and reach consensus within a team. It is an evolving process 
where two or more social entities actively and reciprocally participate in 
joint activities with a common goal (Bedwell et al. 2012). A process that 
can evolve, improve, and change over time, collaboration is only possible 
between social entities working interdepsendently by contributing suffi-
ciently to a reciprocal interactive process. A complete definition of collabo-
ration requires the presentation of its four components: communication, 
synchronicity, explicit coordination, and implicit coordination (Chiocchio 
et al. 2012).

Communication
Chiocchio et al. (2012) began by presenting the communication com-

ponent in five statements: (a) My teammates and I provide each other 
with useful information that makes work progress; (b) My teammates 
and I share knowledge that promotes work progress; (c) My teammates 
and I understand each other when we talk about the work to be done; (d) 
My teammates and I share resources that help perform tasks; and, (e) My 
teammates and I communicate our ideas to each other about the work to 
be done. The original second-order confirmatory factor analyses (CFAs) 
defined the structure of the communication component of the collabora-
tion process. The association between the collaboration construct and the 
communication component is 0.98 and reliability is α = 0.91.

Via communication, members can share their ideas freely, listen to 
and understand each other, and give each other constructive feedback 
(Chiocchio et al., 2012). Heterogeneous teams find it more difficult than 
homogeneous teams to share information and exchange knowledge when 
communicating (Edmondson, 2018). Research by Mesmer-Magnus and 
Dechurch (2009) revealed an important discrepancy between what teams 
actually do and what they need to do to optimize effectiveness when per-
forming very complex tasks that generally require experts. Their study 



102 Audrey rAynAult, SébAStien bélAnd, FrAnçoiS durAnd, nicolAS FernAndez, 
GérAldine Heilporn

shows that team members communicate and interact more when members 
already know the information, when they know they are capable of making 
specific decisions independently, and when the members are similar. Such 
discrepancies can be explained by pressure to conform, social identity, and 
relational motivation. On the other hand, effective communication between 
professionals requires mutual respect and recognition of each other’s exclu-
sive contributions; clear, precise, and validated messages; and calm behavior 
and a supportive demeanor under stress (Robinson et al., 2010).

Communication with Digital Technology

Asynchronous communication on a digital platform for IPE allows for 
more time for reflection to understand a message and share knowledge, 
which in turn improves team reflection (Evans et al., 2016). Synchronous 
online communication also gives interprofessional team members an 
opportunity to interact, to make informed decisions, and fosters consen-
sus (Hanna et al., 2013). The use of webcams in synchronous collabora-
tion personalizes exchange, improving interaction and decision-making 
(Martin et al., 2012).

Communication is the transmission mechanism in the collaboration 
process. Hence, evaluating communication is one way to learn more about 
how collaboration functions online and face-to-face.

Synchronicity
Chiocchio et al. (2012) presented the synchronicity component of colla-

boration in three statements: (a) My teammates and I carry out our tasks at 
the appropriate moment; (b) My teammates and I make sure our tasks are 
completed on time; and, (c) My teammates and I make adjustments in order 
to meet deadlines. The original second-order CFAs were used to define syn-
chronicity as a process of collaboration in the tool developed by Chiocchio 
et al. (2012). The relationship between the collaboration construct and the 
synchronization component is 0.77 and reliability α = 0.82.

It is essential to assess these statements because synchronicity is a process 
of collaboration which means team members complete their tasks on time, 
at a particular pace, in accordance with the tasks of others, and respecting 
a common schedule. In other words, time management (McGrath, 1990).
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Synchronicity with Digital Technology

The roll-out of  digital technology and tools to enable effective syn-
chronicity was accelerated by lockdowns due to the Covid-19 pandemic. 
Courville studied how the functions of  mobile technology change user 
action and behavior in his thesis work back in 2017. His results show that 
using mobile technology for collaborating in interprofessional teams can 
improve time management and productivity. Synchronicity is a process of 
collaboration which means team members complete their tasks on time, at 
a particular pace, in accordance with the tasks of others, and respecting a 
common schedule, which is time management (McGrath, 1990). In 2022, 
students can use digital and technological tools to alternate between online 
synchronous, asynchronous, and face-to-face modes. Assessing synchroni-
city during online and face-to-face collaboration can teach us more about 
how team members perform tasks within a deadline.

Explicit and Implicit Coordination
Using the shared mental model (Salas & Fiore, 2004) from the social 

cognitive approach, Chiocchio et al. (2012) distinguished and defined the 
processes of explicit and implicit coordination in collaboration. The third 
component, explicit coordination in the collaboration process is presented 
with three statements: (a) My teammates and I make progress reports; 
(b) My teammates and I exchange information on ‘who does what’; and 
(c) My teammates and I discuss work deadlines with each other. Second-
order CFAs were used to define explicit coordination as a process of col-
laboration. The link between the collaboration construct and the explicit 
coordination component is 0.86 and reliability α = 0.78.

These statements present explicit coordination as a process where team 
members discuss their roles and the tasks to be performed, which in turn 
enables them to build knowledge together (Salas & Fiore, 2004). Team 
members use explicit coordination to exchange information about their 
contribution to joint tasks (Chiocchio et al., 2012; Salas et al., 2004). For 
example, teams which effectively share and exchange knowledge about 
their roles coordinate their actions more smoothly and synchronizing is 
easier (Kozlowski & Bell, 2003; 2008).

Implicit coordination, the fourth process, is when team members anti-
cipate the needs of other team members and adapt to situations and people 
without explicit coordination (Chiocchio et al., 2012). Team members use 
this process to anticipate their teammates’ tasks or needs without exchange 
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and adapt to arising situations and the people concerned (Chiocchio et al., 
2012). Through interaction, the team members’ experience of communica-
tion improves as their collaboration develops. According to Espinosa et al. 
(2004), they develop implicit coordination mechanisms, which means they 
learn to anticipate their colleagues’ needs without them being expressed 
explicitly. Chiocchio et al. (2012) described implicit coordination in three 
statements: (a) My teammates and I can foresee each other’s needs without 
having to express them; (b) My teammates and I instinctively reorganize 
our tasks when changes are required; and, (c) My teammates and I have 
an implicit understanding of the assigned tasks.

The original second-order CFAs made it possible to define explicit 
coordination as a process of collaboration. The connection between the 
collaboration construct and implicit coordination component is 0.80 and 
reliability of scores is α = 0.78.

Coordination with Digital Technology

Breen (2013) and Shaffer (2014) showed how effectiveness and perfor-
mance are improved by teams of students in health sciences when working 
synchronously via videoconferencing (for example, with Google Hangout, 
Skype, Messenger, and FaceTime), using online organization tools (such 
as iCal and Doodle), and collaborative writing tools (such as Google Docs 
and Word Online). Other online tools combining synchronous and asyn-
chronous modes are also required for logistics and coordination, but syn-
chronous mode seems to be preferable for team coordination. Developing 
evaluation tools promises to provide clarity about coordination in online 
and face-to-face collaboration.

Purpose of the Study

The purpose of  this study is to collect evidence of  the validity and 
reliability of  the questionnaire scores about collaboration during inter-
professional teamwork using both online and face-to-face mode in hybrid 
university programs.
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Methodology

Context
A university course where students collaborate interprofessionally with 

the patient started during the second week of the 2017 winter session. The 
online course officially began with an email sent to 1,435 students in 13 
social and health science programs. It was a six-week course, from mid-
January to the end of February. Students were expected to complete four 
online modules focusing on the following skills: scheduling and providing 
care and service, clarifying roles, therapeutic education, and preventing 
and resolving conflict. The interactive models, created in Captivate Adobe, 
contain videos, quizzes, reading, and clinical scenarios between patients 
and health professionals working in patient partnerships. They also had 
to complete two collaborative interprofessional activities online in teams 
of  five students from different programs using a collaborative Google 
Doc logbook. The teams (n = 188) worked online autonomously, with 
no supervision. These online cocreating and problem-solving activities 
online were preparation for two other collaborative activities in face-to-
face workshops, facilitated by a patient trainer and a health professional. 
We note that the research team obtained an ethics certificate from the 
university ethics and research team to conduct this study.

The Questionnaire: Collaboration in Interprofessional Teams
This article is part of a wider doctoral study where a questionnaire with 

several sections was given to a sample of participants (Raynault, 2020). We 
asked students to respond to the Collaboration in Interprofessional Teams 
questionnaire which has three sections. The first two sections of the ques-
tionnaire are studied in this article. Section 1 features four demographic 
questions: gender, curriculum, native language, and team number. Section 
2 contains the fourteen statements about the four components of collabo-
ration: communication, synchronicity, explicit coordination and implicit 
coordination (Chiocchio et al, 2012). A Likert scale of four choices: totally 
agree, agree, disagree, totally disagree was used to evaluate agreement with 
each statement both online and face-to-face.
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Participants and Procedure
We asked a total of  1,435 students to complete the Collaboration 

in Interprofessional Teams questionnaire (Raynault, 2020) online using 
SurveyMonkey at the end of the course, at the end of the academic year 
in winter 2017. We followed recommendations by Chiocchio et Essiembre 
(2009) to wait at least four weeks for questionnaire responses to allow for 
team dynamics to settle. A total of  320 people responded: 256 women, 
62 men, and 2 people identifying as “other”. They were spread across 13 
programs as follows: 9 audiology, 21 occupational therapy, 3 kinesiology, 
43 medicine, 20 dentistry, 8 nutrition, 10 optometry, 16 speech therapy, 34 
pharmacy, 21 physiotherapy, 2 psychology, 94 nursing, and 40 social work.

Descriptive Statistical Analyses, relisability of scores, and Comparisons
Descriptive statistics were calculated for the items and components. 

This study adopts Curton’s traditional perspective of validity (1951) that 
supports the principle whereby validity is the idea that a test measures 
what it sets out to measure. The t-test for paired samples was used to 
compare participants with themselves on the components of the collabo-
ration in the two contexts: online and face-to-face. Cohen’s d was used to 
characterize the size effect: around 0.2 the effect is weak, around 0.5 it is 
moderate, and it is strong around 0.8.

The chi-square test (χ2) was used to test the null hypothesis of no rela-
tionship between each item, depending on the two contexts: online and 
face-to-face. The value of Cramer’s V to quantify effect size was added to 
the analyses. Values between 0 and 1 indicate the extent to which two cate-
gorical variables are associated. A value close to zero means that it is very 
unlikely that the variables are not associated at all in a given population. 
Finally, the reliability of the scores was estimated using Cronbach’s alpha 
and McDonald’s omega coefficients. Note the estimation of reliability is 
satisfactory when the value of the coefficient exceeds 0.7.

Second-order Confirmatory Factor Analyses (CFAs)
Firstly, the second-order confirmatory factor analyses in the study by 

Chiocchio et al. (2012) supported the use of a four-component structure 
(robust estimators: Satorra-Bentler χ2 = 125.8, p < .0001; NNFI = 0.95; 
IFI = 0.96; CFI = 0.96; RMSEA = 0.05).
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The second-order CFAs were used to analyze associations between 
the components and collaboration online, which lasted several weeks, and 
face-to-face collaboration. The structure was already supported by the 
theory (Chiocchio et al. 2012) and second-order confirmatory analyses 
were conducted to confirm this. Maximum likelihood estimation (MLE) 
of the factorial model was chosen because it presumes multivariate normal 
distribution. A scale featuring the 14 statements from the questionnaire by 

Table 1
Collaboration component items (Chiocchio et al., 2012)  
used to compare mobilization during online activities (L)  

and the face-to-face interprogram workshop (P)

Communication L1/P1 My teammates and I provide each other with useful 
information that makes work progress. 

L2/P2 My teammates and I share knowledge that promotes work 
progress.

L3/P3 My teammates and I understand each other when we talk 
about the work to be done.

L4/P4 My teammates and I share resources that help perform tasks.

L5/P5 My teammates and I communicate our ideas to each other 
about the work to be done.

Synchronicity L6/P6 My teammates and I carry out our tasks at the appropriate 
moment.

L7/P7 My teammates and I make sure our tasks are completed on 
time.

L8/P8 My teammates and I make adjustments in order to meet 
deadlines.

Explicit 
Coordination 

L9/P9 My teammates and I make progress reports.

L10/P10 My teammates and I exchange information on ‘who does 
what’.

L11/P11 My teammates and I discuss work deadlines with each 
other. 

Implicit 
Coordination 

L12/P12 My teammates and I can foresee each others’ needs 
without having to express them.

L13/P13 My teammates and I instinctively reorganise our tasks 
when changes are required.

L14/P14 My teammates and I have an implicit understanding of 
the assigned tasks.
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Chiocchio et al. (2012) was reproduced for each of the two contexts: online 
and face-to-face. The first scale features questions about online collabo-
ration (L) and the second scale applies to face-to-face collaboration (P).

We used 5 fit indices to determine the suitability of the CFA model for 
the data (Kline, 2016). In the chi-square test, the null hypothesis stipulates 
that the model fits the data perfectly. It is therefore preferable that the p 
value exceeds the usual rejection threshold of 0.05 or of 0.01. Second, the 
comparative fit index (CFI) is acceptable between 0.95 and 1. Third, when 
the Tucker-Lewis Index (TLI) is between 0.95 and 1, the fit index of  the 
model is very good. Finally, a model is considered acceptable when the mean 
square error of approximation (RMSEA) is less than 0.08 and the standar-
dized root mean squared residual (SRMR) is less than 0.08 (Kline, 2016).

Results

Descriptive Statistics for each Component of the Collaboration 
Process Online and Face-to-Face

Statistical analyses using the t-test (Table 2) showed a significant diffe-
rence between scales for communication, synchronicity, and implicit coor-
dination depending on whether they were online or face-to-face. However, 
no significant difference was observed between online and face-to-face 
collaboration for explicit coordination. Cohen’s d for the communication 
scale showed the largest effect size.

The descriptive statistics in Table 3 clearly show the mean (M), most 
respondents communicated, synchronized, and coordinated explicitly and 
implicitly whether collaborating with their team online or face-to-face. 
However, scores for communication, synchronicity, and implicit coordi-
nation are slightly higher for face-to-face than online collaboration. The 
results also show similar standard deviations (SD).

Table 2
Paired sample t-test

Scales t p d

Communication: online (L1-L5) face-to-face (P1-P5) 27.207 0.001 1.533

Synchronicity: online (L6-L8) face-to-face (P6-P8) -3.737 0.001 -0.211

Explicit coordination: online (L9-L11) face-to-face (P9-P11) 1.620 0.106 0.091

Implicit coordination: online (L12-L14) face-to-face (P12-P14) -3.138 0.001 -0.177
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Most respondents agreed on questions about online communication. 
The means are between 2.90 and 3.41 and standard deviations between 
0.58 and 0.79. For face-to-face, the means are between 2.95 and 3.42 and 
standard deviations between 0.55 and 0.75. Most students agreed they 
synchronize when they collaborate online, with means for this component 
between 3.44 and 3.60 and standard deviations between 0.53 and 0.66. For 
face-to-face, the means are between 3.59 and 3.64 with standard deviations 
between 0.49 and 0.51. The descriptive statistical data for explicit coor-
dination is similar to the other two components. For online, the means 
are between 3.12 and 3.35 and standard deviations between 0.64 and 0.76 
which is slightly higher than for face-to-face with means between 3.19 
and 3.23 and standard deviations between 0.63 and 0.71. Means between 
2.69 and 3.14 and standard deviations between 0.67 and 0.90 indicate that 
respondents coordinate implicitly when collaborating online team and 
face-to-face with means between 2.82 and 3.23 and standard deviations 
between 0.62 and 0.75.

Table 3 
Descriptive statistics for each component of the online and face-to-face 

collaboration process

Items Collaboration 
online (L)

Face-to-face 
collaboration (P)

chi-square 
χ2

p V

L1/P1 M=3.30/SD=0.58 M=3.42/SD=0.58  148.82 < 0.01 0.394

L2/P2 M=3.24/SD=0.62 M=3.36/SD=0.58 225.97 < 0.01 0.486

L3/P3 M=3.24/SD=0.69  M=3.40/SD=0.55 167.47 < 0.01 0.512

L4/P4 M=2.90/SD=0.79  M=2.95/SD=0.75 438.80 < 0.01 0.677

L5/P5 M=3.41/SD=0.60 M=3.40/SD=0.58 145.01 < 0.01 0.475

L6/P6 M=3.44/SD=0.66 M=3.59/SD=0.51 163.75 < 0.01 0.507

L7/P7 M=3.60/SD=0.53 M=3.64/SD=0.49 189.61 < 0.01 0.546

L8/P8 M=3.58/SD=0.56 M=3.61/SD=0.51 204.99 < 0.01 0.569

L9/P9 M=3.12/SD=0.76 M=3.23/SD=0.68 342.17 < 0.01 0.598

L10/P10 M=3.31/SD=0.67 M=3.22/SD=0.63 440.21 < 0.01 0.677

L11/P11 M=3.35/SD=0.64 M=3.19/SD=0.71 205.86 < 0.01 0.464

L12/P12 M=2.69/SD=0.77 M=2.82/SD=0.75 388.24 < 0.01 0.640

L13/P13 M=3.19/SD=0.67 M=3.23/SD=0.62 488.21 < 0.01 0.714

L14/P14 M=3.04/SD=0.90 M=3.08/SD=0.66 225.21 < 0.01 0.487
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The chi-square tests are statistically significant with a threshold value 
of  p < 0.01. As the null hypothesis is rejected, we note there is a rela-
tionship between online and face-to-face collaboration. The Cramer’s V 
results are between 0.394 and 0.714, indicating the association between 
the variables is moderate to high.

Reliability of scores Analyses

The results of  our calculations for online collaboration were 
Chronbach’s alpha = 0.92 and McDonald’s omega = 9.2. Face-to-face 
collaboration results were Cronbach alpha = 0.91 and McDonald’s omega 
= 0.91. Reliability analyses of each component for online and face-to-face 
collaboration (eight scales) are presented in Table 4. The results show 
reliability with Chiocchio et al.’s (2012) tool in both cases.

Table 4 
Analysis of  score reliability for each component for online and face-to-face 

collaboration (8 scales)

Scales M SD ω α

Communication online 3.216 0.193 0.841 0.831

Communication face-to-face 3.309 0.202 0.835 0.823

Synchronicity online 3.541 0.086 0.862 0.855

Synchronicity face-to-face 3.611 0.026 0.839 0.836

Explicit coordination online 3.258 0.122 0.815 0.811

Explicit coordination face-to-face 3.212 0.021 0.766 0.765

Implicit coordination online 2.975 0.255 0.769 0.763

Implicit coordination face-to-face 3.042 0.209 0.722 0.713

Second-order confirmatory factor analyses (CFAs)
The p value of the chi-square test for the second-order CFA for online 

collaboration is <0.05. The confirmatory fit index (CFI) = 0.965, the 
Tucker-Lewis index (TLI) = 0.946, SRMR = 0.048, and RMSEA = 0.065. 
The results show the model is a good fit to the data. The p value of  the 
chi-square test (χ2) for the second-order CFA for face-to-face collaboration 
is 0.0001. The CFI = 0.922, TLI = 0.903, SRMR = 0.056 and RMSEA 
= 0.084. These results slightly exceed usual values but are still acceptable.

The second-order CFAs for both online and face-to-face collaboration 
show similar saturation with the collaboration construct. Figure 1 shows 
the results for online collaboration (C-L) (CL-SL-CEL-CIL) and Figure 
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Figure 1
Second-order CFA results for components of online collaboration

Figure 2
Second-order CFA results for components of face-to-face collaboration
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2 for face-to-face collaboration (C-P) (CP-SP-CEP-CIP). In both cases, 
the explicit coordination component is the highest, at 0.91 for online and 
0.93 for face-to-face. The other components are explained similarly for 
both types of  collaboration, but the factor loadings are slightly higher 
for face-to-face collaboration. The four components also show similar 
loading coefficients for each statement, but they are slightly higher for 
online collaboration than face-to-face. The factor loading are higher for 
synchronicity in both online and face-to-face collaboration.

Discussion

Our results show the original questionnaire generates quality metrics 
when applied to interprofessional collaboration in health science university 
programs using flipped classrooms. The proof of validity of the components 
(Cureton, 1951) also shows the questionnaire assesses both face-to-face col-
laboration and online cocreating and problem-solving activities to develop 
interprofessional collaboration. Chiocchio et al.’s (2012) original question-
naire shows a Cronbach alpha coefficient of α = 0.92 which is similar to our 
findings in this study: α = 0.92 and α = 0.92 for online collaboration and α 
= 0.91 and α = 0.91 for face-to-face collaboration. The chi-square analysis 
of the items showed a relationship between online and face-to-face collabo-
ration with moderate to large effect size. This shows that the components 
measure what they are intended to measure with reliability during the col-
laboration process both online and face-to-face. We are, however, cautious 
about this interpretation. It would be pertinent to analyze and compare the 
results of the questionnaire applied in a similar context.

Chiocchio et al.’s (2012) four-component second-order model is a 
good fit with the context data in this study. The factor loadings between 
collaboration and the four components and the factor loadings between 
each of the components and their variables show the model is a good fit 
with the data.

Relationships Between Each Component and Collaboration
The explicit coordination component is explained by both online (0.91) 

and face-to-face (0.93) collaboration more than the other components. 
This shows that the relation is slightly stronger for explicit coordination 
in face-to-face collaboration than online. Also, between Time 1 (online 
collaboration) and Time 2 (face-to-face collaboration), factor loading rose 
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for each component except synchronicity which dropped (online 0.77 and 
face-to-face 0.69). This may be explained by the context of the study where 
the teams worked autonomously online and had more supervision when 
face-to-face. The teams worked together autonomously for two months 
online and the face-to-face sessions were facilitated by a partnership 
between a patient and a health professional. After collaborating online 
for two months, the teams collaborated in face-to-face workshops which 
possibly required less synchronicity (time management).

More specifically, loading was higher between collaboration and expli-
cit coordination  (0.91 versus 0.93) and implicit coordination (0.87 versus 
0.92). This supports certain studies into face-to-face collaboration and 
provides new information about online collaboration. Students were able 
to work together for a long time in a hybrid context blending online et 
face-to-face collaboration. For example, Levesque et al. (2001) observed 
that the more team members interact and acquire expertise related to a 
common task, the more they learn about the subject of  the activity and 
the other members of  the team which can foster implicit coordination 
between them. Chiocchio et al. (2015) point out that implicit coordination 
and clear collaboration objectives increase depending on the training. The 
more teams have common goals, the more they coordinate implicitly. In 
our study, students collaborated online for over 60 days on cocreating and 
problem-solving tasks. Two months later, they continued their teamwork 
on another collaborative activity in a face-to-face workshop. Strengthening 
relations between collaboration components online and face-to-face colla-
boration helped students to enhance their explicit and implicit coordina-
tion and improve communication which are three of the four components 
of collaboration according to Chiocchio et al. (2012).

Factor loadings of the Statements for Each Component
The factor loadings for all the statements of  each component are 

slightly higher for online collaboration than face-to-face. This shows that 
the statements explain their component better for online than face-to-
face collaboration. Factor loadings for the synchronicity statements are 
slightly higher for online collaboration, while all the statements for the 
three other components show similar loading. Factor loadings for the 
communication statements are lower for face-to-face collaboration than 
online.
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On this theme, Martin et al. (2012) showed that the use of webcams 
in synchronous collaboration improves communication and personalizes 
the process between team members. Research also shows that communi-
cation and explicit coordination in asynchronous interaction online for a 
common task predict team performance (Chiocchio, 2007). Participants in 
this study spent more time communicating synchronously and asynchro-
nously online to prepare for face-to-face collaboration. The students also 
mobilized the four components of collaboration when face-to-face under 
supervision. On the other hand, when online, the teams were autonomous 
without facilitators. This suggests that the presence of facilitators affects 
the intensity of interaction.

We are cautious about these results. Further studies are required to 
clarify in which context students alternated between synchronous and 
asynchronous modes to communicate online.

At this stage, it is difficult to identify which personality characteristics 
affect communication, synchronicity, explicit and implicit coordination 
and how. The second-order model of the four components of collabora-
tion mitigates this problem. How the components impact collaboration 
in a team is also now clearer for theorists and practitioners (Chiocchio 
et al., 2012). Our tool, like that developed by Chiocchio et al. (2012), 
may provide more nuanced predictions about online and face-to-face 
collaboration.

Methodological Limitations
Chiocchio et al. (2012) initially validated their tool at both the indi-

vidual and team level to measure collaboration performance in a team at 
work. They carried out two CFAs: an individual performance analysis and 
a team performance analysis. When students responded in our study, not 
necessarily all the members of their team completed the questionnaire. As 
a result, we only conducted individual CFAs. Collaboration in the teams 
was not observed. In other words, we did not carry out descriptive and 
factor analyses by cluster or team. The results of our study are therefore 
limited to individual performance, offering a representation of collabora-
tion in a work team (Allen & Hecht, 2004; Chiocchio et al., 2012). In some 
cases, three or four members from the same team responded but it was 
only the case for six teams out of all 320 respondents. This is a significant 
methodological limitation for the subject of collaboration as it is ethically 
impossible to oblige all members of  a team to answer a questionnaire 
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for a study. However, the reliability of  the scores and CFAs of  our tool 
shows satisfactory results for both online and face-to-face collaboration, 
confirming that Chiocchio et al.’s (2012) original tool is transferable to 
our context.

Conclusion

The factorial structure of  this study is consistent with Chiocchio et 
al. (2012) for learning collaboration in a hybrid health sciences univer-
sity course for three reasons. First, the reliability of  the scores is very 
similar to that reported by Chiocchio et al. (2012). Second, the results 
of  the second-order CFAs show good fit indexes. The strong relation-
ships between collaboration and its components contribute significantly 
to online and face-to-face collaboration. The reinforcement of associations 
between components for online and face-to-face collaboration indicate 
that collaborating for a longer period of  time enabled interprofessional 
teams to develop and strengthen communication and explicit and impli-
cit coordination. This was less the case for synchronicity. This may be 
explained by the fact that the teams managed their time autonomously 
online and had facilitators for the face-to-face sessions. Third, the factor 
loadings of the statements for each component were significant for both 
online and face-to-face collaboration, but higher for online. This may be 
because the teams collaborated for longer online. The results show that the 
questionnaire measures online and face-to-face collaboration in a hybrid 
university course where interprofessional teams collaborated on problem-
solving and cocreating learning tasks.

Future research would benefit from investigating the quality of colla-
boration for the team. To that end, we recommend informing participants 
at the outset that it is important to collect questionnaire responses from 
several team members. In future studies into collaboration where team-
work begins online and continues face-to-face, we also recommend team 
members complete the questionnaire at two or three different stages for 
analysis of the data using a latent growth model.
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