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Leveraging implementation science to enhance intensive 
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Evelyn Steinberg a and Marie-Therese Schultes b
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ABSTRACT  
Despite extensive discussions in scientific literature regarding the design 
and analysis of intensive longitudinal method studies, the 
implementation of these methods remains underexplored. This work 
aims to bridge this gap by introducing implementation science in 
general and implementation mapping in particular as a systematic 
approach for implementing intensive longitudinal data collection in 
educational research. A practical example is provided to illustrate this 
approach. The advantages and disadvantages of implementation 
mapping for intensive longitudinal methods are also discussed. This 
study underscores the necessity for future research and the 
development of theoretical implementation frameworks tailored to the 
specific contexts of intensive longitudinal methods. We hope to 
facilitate the effective use of intensive longitudinal methods, such as 
diaries or experience sampling, in educational research.
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Introduction

The use of intensive longitudinal methods for analysing processes and clarifying causalities is becom
ing increasingly prevalent. Advanced technical solutions for complex data collections via smartphones 
and wearable assessment systems contribute to this development. In the field of education, learning 
analytics and the potential of explainable AI are among the key drivers for intensive longitudinal 
method studies. The design of data collection and the statistical analysis of longitudinal data in 
diary or experience sampling methods are well-described topics. However, the implementation 
quality of such complex studies in the field is neglected, especially when considering the maintenance 
of participant motivation as a predictive factor for careless responding (Hasselhorn et al. 2023). As early 
as 1990, David Farrington et al. (1990) wrote about data quality in longitudinal research:

It is ironic that more books and articles have been written about technical problems such as sampling, research 
design, and statistical analysis than about practical problems that may be more difficult to solve and more impor
tant in their consequences for the validity of conclusions, such as tracing and securing cooperation. (p. 145)

More recent publications increasingly address the practical implementation of intensive longi
tudinal methods, providing recommendations based on practical experience (e.g. Arndt and Rose 
2023). This study aims to propose a theory-based and systematic approach derived from 
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implementation science for implementing intensive longitudinal methods focusing on educational 
research. Below, the meaning and relevance of intensive longitudinal methods for research in edu
cation is described. This is followed by a general introduction to the research field of implementation 
science and a more specific theory-based and systematic approach for implementing intensive longi
tudinal methods. Then, a practice example is used to illustrate the benefits of implementation 
science in implementing a diary study in higher education. Finally, we discuss the suggested 
approach.

Intensive longitudinal methods

Intensive longitudinal research designs aim to capture short-term dynamic processes (Martin et al. 
2020). Such methods enable researchers to collect data in near real-time from individuals as they 
navigate their daily lives in the real world. Therefore, these designs are valuable tools for compre
hending the variability in perceptions and experiences within individuals and how it relates to 
their context, e.g. their learning environment (Hektner 2018). Different intensive longitudinal 
methods and terminologies exist, including daily diary, experience sampling method, ecological 
momentary assessment, or ambulatory assessment (Walls and Schafer 2006, McNeish et al. 2021). 
Hektner et al. (2018) describe five dimensions for organizing different types of intensive longitudinal 
methods: content focus (experience, context, behaviour, or physiological functioning), perspective 
(self or observer), form of data (quantitative or qualitative), timing of data recordings (variable, 
fixed, event contingent, or continuous), and the role of the participant (active or passive) (for an over
view please see Hektner 2018).

Although these methods can be categorized into different types of data, such as self-report data 
or data from wearable assessment systems (e.g. location data, accelerometer data; Nusser et al. 
2006), they all result in a significant volume of data per individual, particularly when contrasted 
with conventional longitudinal designs for panel data, where each individual is assessed only a 
few times over an extended period. The greater number of data points per individual enhances 
the capacity to explore research inquiries centred on within- and between-person variability and 
offers avenues to examine the progression of within-person processes moment by moment, diver
ging from the typical emphasis on mean changes observed in panel data (McNeish et al. 2021). 
Initially, it was assumed that intensive longitudinal data should be treated similarly to traditional 
longitudinal data, with intensive longitudinal methods having more measurement time points. 
However, this view has changed, and many new methods of data analysis have emerged, such as 
incorporating measurement models into dynamic structural equation modelling or using multilevel 
latent class analysis for modelling careless responding (for an overview please see McNeish et al. 
2021, Hasselhorn et al. 2023).

Intensive longitudinal methods must consider data quality, ethical considerations, and resources. 
First, data quality can be impaired by the following: (1) reactivity, which means that participants alter 
their behaviour or responses because they know they are being tracked. This leads to reporting bias, 
where their behaviour or experiences are not accurately represented (for details please see e.g. Walls 
and Schafer 2006, Iida et al. 2012, Mehl and Conner 2012, Bolger 2013); (2) careless responding due to 
various reasons, such as high cognitive load, amotivation, intensive experience of emotions, or 
unfavourable general conditions where participants might not have the capacity to report accurately 
(Cao and Henderson 2021, Hasselhorn et al. 2023, Ward and Meade 2023); (3) selective non-response, 
which means that data is missing in specific situations, e.g. in stressful periods or from certain types 
of participants, such as forgetful, non-compliant, or struggling participants (Eisner et al. 2019); and (4) 
selective attrition, where certain types of participants are more likely to drop out of the study, poten
tially leading to bias (Magnusson and Bergman 1990, Bolger 2013).

Second, the following ethical considerations must be considered: (1) participant burden, which 
can arise from lengthy data collection instruments, technical problems, frequent responses and 
interruptions or being in a mental state where active reporting is perceived as an additional 
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burden (Iida et al. 2012, Mehl and Conner 2012, Bolger 2013, Cao and Henderson 2021); (2) privacy 
concerns, particularly regarding confidentiality (Mehl and Conner 2012); (3) distress or harm relating 
to sensitive topics, for instance, if participants become aware of a problem because of their involve
ment in the study and are left to deal with the problem on their own (Mehl and Conner 2012); and (4) 
power imbalance between students and teachers, which can lead to less drop outs but higher reac
tance and distress in students. Third, many resources are needed for intensive longitudinal studies. 
They can be expensive to conduct due to the need for frequent assessments, user-friendly technol
ogy, staff training, participant coaching and checking, participant compensation, and resources for 
data management and analysis (Iida et al. 2012, Mehl and Conner 2012, Bolger 2013).

Despite these limitations, intensive longitudinal data collection remains a valuable approach for 
understanding dynamic processes and capturing fine-grained changes over time. Researchers 
should carefully consider these limitations and adopt appropriate action to mitigate them according 
to the different stages of the research process, namely study design, study conduct and study analy
sis. At the study design stage and before data collection begins, researchers can take attrition into 
account by calculating the sample size, choosing an appropriate assessment method, lengths of 
instruments, frequency and period of data collection, considering technical issues and conducting 
a pilot test (e.g. Mehl and Conner 2012, Bolger 2013); (2) At the study implementation stage and 
during data collection, researchers can take action by conducting participant training, regular 
check-in calls, proctoring, incentives, and data monitoring and documentation (Jaso et al. 2022, 
Ward and Meade 2023). (3) At the study analysis stage and after the data collection period (due 
to this retrospectivity, they are limited) researchers can analyse careless responding, non-response, 
attrition, and reactivity patterns (Eisner et al. 2019, McNeish et al. 2021, Hasselhorn et al. 2023). The 
limitations of the retrospective data analysis methods highlight the importance of a well-designed 
study and effective study implementation strategies.

While extensive literature on study design and data analysis approaches for intensive longitudinal 
data exists, research on how to design tailored implementation strategies for intensive longitudinal 
data collections remains insufficient. Recommendations are often based on practical experiences and 
include valuable tips and tricks for study implementation (Arndt and Rose 2023). We aim to propose 
a theory-based and systematic approach to develop tailored study implementation strategies for inten
sive longitudinal methods focusing on education. This aligns with recommendations that state that 
future studies should report how careless responses have been addressed (Ward and Meade 2023).

Educational settings, such as schools or higher education institutions, have specific contextual 
factors compared to research outside such institutions. Their advantages include better accessibility 
of study participants, the potential of integrating the study into everyday teaching and learning and 
of providing sufficient time for participation in the study. These factors are associated with a lower 
probability of attrition and missing values. From an ethical perspective, the power imbalance 
between teachers and students must be taken into account, without which the completion rate 
would be lower and attrition rates would be higher, resulting in higher levels of missing data. There
fore, collecting data in educational settings must also be associated with added value for those 
involved, for example by providing them with individualized reports and recommendations once 
the data collection is complete. However, the risk of increased bias due to reactivity and cognitive, 
motivational, or emotional challenges remains. Other disadvantages include interfering contextual 
factors, such as holidays, days off, organizational or technical problems, and a lack of commitment 
of school or higher education authorities or teachers.

In the next section, we introduce implementation science and implementation mapping, a con
crete process model that guides implementing intensive longitudinal data collection.

Implementation science

Implementing complex activities, such as intensive longitudinal data collections, requires intensive 
preparation, attendance during the implementation process, and formative and summative 
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evaluations of the process. Implementation science provides guidance on all these steps. Implemen
tation science initially emerged from cumulative experiences with programme implementation 
(Fixsen et al. 2016) and now consists of a multitude of theories, frameworks, and models (TFM) 
that guide and inform implementation processes (Damschroder 2020). These TFMs are used to ident
ify barriers and facilitators for implementation, guide the selection of implementation strategies, 
inform data collection on implementation progress and success, and frame project evaluations 
(Birken et al. 2017).

Nilsen (2015) divides implementation TFMs into five categories: (1) Process models, such as 
implementation mapping (Fernandez et al. 2019), provide step-wise instructions to guide the 
translation of research into practice, or, in the case of data collection, research methods into prac
tice. (2) Determinant frameworks specify barriers and enablers to implementation, such as struc
tural characteristics of the implementation setting. (3) Classic theories are used to understand 
implementation processes, e.g. for their explanation of individuals’ behaviour change, but orig
inate from other disciplines, such as psychology or sociology. (4) Implementation theories are 
newly developed or modified theories that explicitly focus on aspects relevant to implemen
tation, such as implementation climate or organizational readiness. (5) Evaluation frameworks 
indicate implementation outcomes that should be evaluated to rate the effectiveness of 
implementation processes.

Implementation outcomes are indicators of the implementation process reaching its intended 
goals. A commonly used implementation outcome is implementation fidelity, which describes 
whether the implementation process was conducted according to plan (e.g. recruitment processes, 
number of participating institutions in the data collection, communication between researchers and 
institutions). An implementation outcome framework by Proctor et al. (2011) further describes seven 
implementation outcomes. Acceptability reflects the involved groups’ potential satisfaction with an 
implemented activity. Appropriateness is the perceived compatibility of the activity with the setting 
in which it is to be implemented. Feasibility refers to an activity’s applicability to an institution’s 
everyday operations. Adoption represents the uptake of an activity by a specific institution, and pen
etration describes the uptake of the activity by several institutions within a setting, e.g. the number of 
universities within a country. Sustainability reflects the (potential) institutionalization of the activity. 
Costs describe the costs of implementing an activity, which can depend on the complexity of 
implementation strategies. Concrete examples of these outcomes in the educational context can 
be found in Schultes (2023) and in the practice example below.

Implementation mapping as a guiding approach for intensive longitudinal data 
collections

Implementation mapping is a compact process model that guides the participatory design and 
evaluation of implementation processes. Researchers can use implementation mapping both to 
plan new intensive longitudinal data collections (Fernandez et al. 2019) and to evaluate and 
improve ongoing data collections (Schultes et al. 2022). The participatory nature of this model 
includes mapping out the implementation process together with representatives of the persons 
involved, e.g. students and teachers (in the following called representatives). In this case, their 
needs and experiences with similar processes can be considered and incorporated in the implemen
tation plan.

We adapt the implementation mapping model to plan, monitor, and evaluate intensive longitudi
nal data collections. The adapted model follows five sets of activities: (1) identifying representatives 
and collecting implementation determinants; (2) defining implementation outcomes and perform
ance objectives; (3) designing implementation strategies; (4) creating an implementation plan; 
and (5) evaluating implementation outcomes. Afterwards, we describe the process in-depth; the 
steps are not always performed consecutively but rather in a back-and-forth manner.

Insert Figure 1 about here.
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(1) Identifying context representatives and collecting implementation determinants
Including representatives in terms of participatory research is key in successful implementations 
(Boaz et al. 2018, Potthoff et al. 2023). It fosters collaboration between researchers and groups 
involved, ensuring that the implementation process and outcomes are directly relevant to the 
needs and priorities of those affected. In a stakeholder mapping exercise (Bernstein et al. 2020), 
researchers identify representatives, which might differ between institutions but most likely 
involve students, teachers, course coordinators, the rector, IT staff, and, in the case of minor students, 
their legal guardians. Ideally, representatives from each institution build an implementation team 
(Fixsen et al. 2016) that serves as a local contact point throughout the study and can provide infor
mation on challenges that might arise.

In a literature review, researchers can derive potential barriers and facilitators for reaching desired 
implementation outcomes, which are called implementation determinants. Here, the updated Con
solidated Framework for Implementation Research (CFIR; Damschroder et al. 2020) can serve as a 
guideline, as it provides a list of determinants at the individual, institutional, and system level. Facil
itators at the individual level, for example, include the lecturers’ commitment to supporting the data 
collection, while a barrier could be students’ lack of interest in engaging in the survey (compare Has
selhorn et al. 2023). At the institutional level, a potential facilitator could be the availability of devices 
for every student that allow them to fill out questionnaires simultaneously (Iida 2012). Meanwhile, an 
example of a barrier at the system level is a lack of funding to support the implementation. The CFIR 
framework also lists barriers and facilitators related to the activities to be implemented, such as the 
adaptability of the activities to the respective institution.

Research on barriers and facilitators can be achieved by drawing on the literature regarding 
implementation science and intensive longitudinal methods. We have summarized the challenge 
of balancing data quality, ethical considerations, and resources above; these challenges can also 
be considered implementation barriers. The implementation determinants from the literature can 
be discussed with the local implementation team, after which researchers and representatives can 
co-define potential further barriers and facilitators.

(2) Defining implementation outcomes and performance objectives
In a workshop and/or individual interviews, researchers and representatives discuss desired 
implementation outcomes. For instance, it should be clarified what constitutes acceptable levels 

Figure 1. Steps of implementation mapping for enhancing intensive longitudinal methods.
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of implementation fidelity in the context of the specific data collection process. These could include 
a certain number of completed questionnaires per participant per week. Researchers and represen
tatives also determine other key implementation outcomes necessary for the successful execution of 
the data collection process, for example, its feasibility with daily teaching activities or high levels of 
acceptance of the study design by representatives. Moreover, they should define the performance 
objectives, which are the actions needed to reach implementation outcomes (Fernandez et al. 
2019). These can vary between the different groups involved in the data collection. For example, 
for students to contribute to high levels of implementation fidelity, they must sign informed 
consent sheets, participate in technical checks, and complete the questionnaire every working 
day. For teachers, performance objectives include providing time for completing the questionnaire 
in their courses and commenting positively on the study.

(3) Designing implementation strategies
Implementation strategies are ‘methods or techniques used to enhance the adoption, implemen
tation, and sustainability’ of activities (Proctor et al. 2013, p. 2), e.g. incentives for participating insti
tutions or the provision of financial support for implementation activities. Implementation strategies 
should match prior defined barriers and facilitators and be tailored to the needs of the respective 
institution. Strategies that are already used by institutions for organizing data collections should 
also be assessed. Therefore, it is beneficial to include representatives in this step, preferably in a 
workshop that facilitates a collective creation of ideas through brainstorming sessions.

A helpful reference for selecting implementation strategies is the Expert Recommendations for 
Implementing Change compilation (ERIC, Powell et al. 2015), which provides a list of 73 implemen
tation strategies. These have been bundled in a taxonomy by Waltz and colleagues (2015), who 
organize strategies in groups according to their goals, such as train and educate stakeholders, 
change infrastructure, provide interactive assistance, and develop stakeholder interrelationships. To 
promote the fit of strategies with determinants, the CFIR-ERIC matching tool (Waltz et al. 2019) pro
vides a valuable source. For example, if the data collection’s lack of adaptability is identified as a 
barrier (i.e. there is a standardized process that must be carried out in the same way at every insti
tution), the matching tool would suggest conducting local needs assessments and tailoring the 
implementation to the local context as an implementation strategy.

(4) Creating an implementation plan
To create a comprehensible implementation plan, the previously defined implementation outcomes, 
determinants, and strategies from steps 1 to 3 should be recorded in a document. Here, the 
Implementation Research Logic Model (Smith et al. 2020) can be used as a template. Implementation 
strategies should be described in detail, including exact timelines and a guideline on how to report 
the conduction of strategies (Proctor et al. 2013). The document should also include information on 
how implementation outcomes will be evaluated (see step 5). When the implementation plan and 
evaluation design are discussed and further co-developed in a participatory process with represen
tatives from institutions or local implementation teams, the plan has a higher chance of being 
implemented by all collaborators with fidelity (Schultes et al. 2018).

(5) Evaluating implementation outcomes
Monitoring the implementation process in a formative evaluation supports the early detection of 
potential implementation problems. Formative evaluation activities can include daily or weekly com
pleteness checks of the data base and check-in calls with the implementation team. If there are pro
blems with the realization of planned implementation strategies, alternative strategies can be 
defined and the implementation plan adapted.

For a summative implementation evaluation, implementation outcomes that have been 
defined in Step 1 must be operationalized with suitable indicators. Here, the institutions’ repre
sentatives or implementation teams can provide valuable input, for example, on how to 
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operationalize the acceptance of the implementation process by different groups involved. Psy
chometrically sound implementation outcome measures have mostly been developed for health
care, but some implementation outcomes can also be applied in education (Kien et al. 2018, 
Schultes 2023). Quality criteria for implementation outcome measures resemble usual psycho
metric measurement criteria; however, usability in an everyday work context is prioritized over 
psychometric measurement criteria (Lewis et al. 2021). Evaluating implementation outcomes is 
helpful in explaining problems, such as attrition, and provides learnings for future implemen
tation processes.

Practice example

In this section, we present an example of an implementation of a quantitative daily diary study in 
higher education. This study collected self-reported data on different aspects of self-regulated learn
ing of veterinary medicine students to answer research questions on the stability and variability of 
undergraduates’ self-regulated learning in the workplace. In practice, we followed the five steps of 
implementation mapping in an iterative process and constantly revisited the individual steps.

(1) Identifying context representatives and collecting implementation determinants

Our project team identified different groups involved in the data collection: students, teachers, clinic 
staff, and decision-makers (including the vice-rector for study affairs, head of the educational 
working group, course coordinator, workplace managers, head of student council, and semester 
speaker). Representatives were not only involved in the implementation of the data collection pro
cedure, but they were also part of the project team (student and teacher representatives) and the 
steering committee (decision-maker representatives). While the project team was responsible for 
planning and executing the project, the steering committee was tasked with supporting the pro
ject’s integration into the institution’s daily processes, analysing risks, and ensuring communication 
between the project and the institution.

The main barriers and facilitators were identified by the project team together with the steering 
committee. The researchers reviewed the literature and contacted colleagues who recently 
implemented intensive longitudinal data collections in educational settings to identify general facil
itators and barriers. Student-, teacher-, and decision-maker representatives reached out to their col
leagues (in team meetings, individual conversations, etc.) to consider the different groups’ needs and 
the different workplace contexts to identify context-specific facilitators and barriers.

Facilitators identified at the individual level were the motivation to contribute to science, enhance 
teaching quality, and reflect the learning process to become better veterinarians. At the institutional 
level, major facilitators included the university’s objective of fostering educational research, dissemi
nating educational knowledge to a broad range of teachers and clinical staff, and advancing the cur
riculum based on the study’s results. At the system level, facilitators comprised the university’s 
accrediting body’s ambition to foster evidence-based teaching, teacher education, and educational 
research among European veterinary higher education institutions.

Possible barriers identified at the individual level included a lack of information about the study, 
low priority, limited time, declining motivation, forgetfulness, cognitive overload and stress, techni
cal problems (no access to electronic devices, internet, and the daily diary; difficulty in handling of 
electronic daily diary; etc.), and interruptions during completion of the diary entries. Barriers at the 
institutional level included difficulties in obtaining consent from all decision-makers, integrating the 
daily diary into the course structure, and having highly different daily routines at the workplaces 
involved. At the system level, barriers were those usually found in field studies where high scientific 
standards meet real-life environments. The most important barrier in our example was balancing the 
number of items between the criteria reliability/validity and feasibility/ethical considerations/ 
reasonableness.
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(2) Defining implementation outcomes and performance objectives

Implementation fidelity and cost were specified by the research team to meet scientific standards 
and funding limitations, respectively. Other outcomes were specified together with representatives 
of various groups involved.

Implementation fidelity was specified as (1) the completeness of the data set; (2) the representa
tivity in terms of heterogeneity of participants (including motivated high performers and struggling 
students); and (3) the validity of data, which refers not only to the instruments’ psychometric quality 
but also the thoughtful completion of the diary at a time when the participants have the necessary 
information to answer the questions (avoiding careless responding and memory bias).

The performance objectives regarding the completeness of the data set and representativity were 
specified to be 95% of students of the respective student cohort who signed the informed consent 
form and agreed to participate in the study, 95% of students who completed the daily diary until the 
end of the study, and a maximum of 10% missing data (expected sick leaves and night shifts where 
students might be tired, allowing students to skip occasionally). Regarding the outcome of data val
idity, the performance objective of thoughtfulness in completing the diary is difficult to assess 
because participants are already challenged by filling out a daily questionnaire. Adding items that 
assess careless responding seemed unreasonable. Therefore, we defined contextual factors that 
facilitate thoughtfulness: researchers provide a user-friendly technical diary solution and teachers 
provide time and support.

Cost was specified based on the financial plan defined in the project proposal. We established a 
hierarchy of priorities to reduce costs: high priority was placed on collecting representative data on 
the variables of interest (self-regulated learning) and data at various workplaces and from a sufficient 
number of participants regarding the requirements of complex statistical analysis. Low priority was 
placed on representativeness at the institutional level, i.e. collecting data from students at different 
universities.

The performance objective regarding cost involved the researchers defining the sample accord
ing to the established hierarchy (which resulted in about 200 students from a single institution learn
ing at 15 different workplaces), ensuring that there are enough financial resources for various 
implementation strategies.

Acceptability was specified as the potential acceptance of the data collection by most people 
involved and especially by official student representatives and decision-makers, such as the vice- 
rector for study affairs and clinics, the clinical rotation course coordinator, and workplace managers.

The performance objectives for acceptability were the same as for data completeness (informed 
consent, few drop-outs, and few missing data). Additionally, teachers, clinical staff, student represen
tatives, and decision-makers should either speak positively or neutrally about the study.

Appropriateness, defined as the perceived compatibility of the activity with the setting in which it 
is to be implemented, was perceived as given because we assumed that people at a university are 
familiar with conducting scientific studies and collecting data and hence understand the necessity of 
scientific rigour in data collection. We did not specify a performance objective for this outcome.

Feasibility was specified as the data collections’ applicability during everyday operations at the 
different workplaces. Routines and procedures were highly different between workplaces; therefore, 
flexibility was necessary.

The performance objective was that the researchers should allow time flexibility for completing 
the diary and provide a previously tested, user-friendly technical solution for the diary through the 
use of various electronic devices and operating systems.

Penetration in the sense of the uptake of an activity by other institutions was not an implemen
tation outcome because we focused on data collection within one institution only. However, to insti
tutionalize the activity, during the limited period of data collection, we specified penetration as the 
daily routine in data collection where students complete the diary and teachers provide time on site 
in the clinic.
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The performance objectives include: (1) representatives should report that the participants had 
integrated the collection into their daily routine and that after three weeks, the participants had 
few questions or problems pertaining to the study; and (2) students should provide complete 
data throughout the data collection period (maximum 10% missing data).

Sustainability for the limited period of data collection was specified by stable response rates and 
acceptance among persons involved during the final third of the survey period, where the partici
pants are at risk of forgetting to continue their daily diary entries after Christmas holidays.

The performance objectives include stable response rates until the last third portion of the data 
collection period and acceptance of the study by the persons involved.

(3) Designing implementation strategies

Before we focus on implementation strategies, we would like to give a more general recommendation. 
We integrated student, teacher, and decision-maker representatives into the project team and the 
steering committee, respectively. While this might not be a pure implementation strategy, this 
overall strategy, which improves the quality of the scientific project, was the most crucial one for 
the data collection part of the project (compare Ramanadhan et al. 2024). Most barriers were addressed 
by multiple implementation strategies. Figure 2 illustrates the connection between barriers and 
implementation strategies. The implementation strategies are described in detail in the Appendix.

(4) Creating an implementation plan

An implementation plan was created based on the results of Steps 1 to 3 (see the sections above). 
The implementation plan also includes a timeline and responsibilities for implementing the 

Figure 2. Illustration of the relationships between barriers and implementation strategies. For details please refer to the sup
plementary material.
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strategies and reporting to the principal investigator. Table 1 shows the implementation strategies, 
the timeline, and the responsibilities. The evaluation methods for the performance objectives, which 
should also be integrated into the written plan, are outlined below in Section 5.

(5) Evaluating implementation outcomes

For each implementation outcome one or several evaluation methods were conducted. Table 2
shows an overview of evaluation methods per implementation outcome.

Table 1. Implementation strategies, timeline and responsibilities.

Implementation Strategy Timeline Responsibility

Start of scientific project
Include representatives in project team/ 

steering comm.
from the beginning of the project include representatives in project team/ 

steering comm.
Preparation phase
Specify sample as soon as possible PM reseacher
Develop a short diary 6 months before PM reseacher
Reasonable time-slot 6 months before PM teacher and PM student
Change survey software & technical checks 3 months before PM researcher and PM student
Integrate data collection in course design 6 months before PM researcher, PM teacher, course 

coordinator
Inform decision-makers

Develop information material 6 months before PM researcher and PM teacher
Conduct face-to-face conversations 6 months before PM researcher
Send emails to workplace managers 3 months before PM researcher

Select and train teacher contact persons
Develop information material 3 months before PM researcher and PM teacher
Develop training material 3 months before PM researcher and PM teacher
Select and train contact persons 3 months before PM teacher

Inform teachers and clinical staff
Conduct face-to-face conversations 1–2 months before Teacher contact persons
Send emails to teachers 1 month before PM researcher and PM teacher
Use intranet and university magazine 1 month before and at the 

beginning
PM researcher and PM teacher

Select and train student contact persons
Develop information material 1 month before PM researcher and PM student
Develop training material 1 month before PM researcher and PM student
Select and train contact persons 1 month before PM researcher and PM student

Inform students ( =  participants)
Conduct face-to-face conversations ½ month before and at the 

beginning
Student contact persons

Send emails to students 1 month before and at the 
beginning

PM researcher

Use social media channel 1 month before, at the beginning 
and during

PM student and semester speaker

Use study platform and student magazine 1 month before PM researcher and PM student
Find a sponsor As soon as sample size is specified PM reseacher
Data collection phase
Conduct check-in calls with student 

contact persons
weekly PM student

Conduct check-in calls with teacher 
contact persons

biweekly PM teacher

Be available for all persons involved on demand PM all
Provide assistance on demand PM all
Monitor survey software and data daily PM reseacher
Closing phase
Provide an individual report to students after four weeks, 2 days before the 

closing event
PM reseacher

Provide a workplace report to managers after eight weeks PM reseacher
Provide a voucher to students after four weeks at closing event PM researcher / sponsor
Provide a closing event for all persons 

involved
after four weeks PM researcher / sponsor

Disseminate results after 12 weeks PM all

Note: before means before the data collection starts and after means after the data collection ended; PM = project member; if 
there is more than one responsible representative then the second one assists.
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In conclusion and as mentioned above, the steps were not always performed consecutively but 
rather in a back-and-forth manner. This was especially true for Steps 1 to 3. For example, when we 
were discussing implementation strategies to deal with the very different routines in the different 
workplaces, we defined a time frame when students could complete the diary (afternoon). Later 
on, we realized that one of the workplaces had a night shift and we had to find a different solution 
(extending the period to the morning and actively communicating to the students that they could 
skip completing the diary if they felt too exhausted).

Discussion

The discourse on intensive longitudinal methods has primarily concentrated on aspects of study 
design and data analysis, with implementation receiving only cursory attention (Arndt and Rose 
2023). However, a well-designed implementation contributes to a complete and valid data set 
(Ward and Meade 2023). Implementation science offers various theories, frameworks, and models 
(TFM) as starting points. Implementation mapping is particularly suitable because of its systematic 
and flexible approach (Fernandez et al. 2019). The systematic approach minimizes the risk of over
looking key steps or strategies and ensures clear alignment between outcomes, barriers, implemen
tation strategies, and evaluation methods. Hence, this systematic approach adds to the existing 
general study implementation strategies outlined in the introduction (Jaso et al. 2022, Ward and 
Meade 2023; see introduction section). The flexible approach allows for the selection of an appropri
ate framework for each step in the intensive longitudinal method study context (regarding the study 
focus or the level of education). In addition, implementation strategies are flexible depending on the 
educational institution’s context. While the study design should remain standardized across insti
tutions to ensure a scientifically sound approach (e.g. Mehl and Conner 2012, Bolger 2013), the 
design of implementation strategies can or should vary depending on the culture of the respective 
institution, for example by adapting information materials and channels to the institutional practices.

One limitation of the use of implementation TFMs in general and implementation mapping in 
particular for implementing intensive longitudinal methods is that they focus on the sustainable 

Table 2. Evaluation methods for each implementation outcome.

Implementation outcomes Evaluation methods

Implementation fidelity (completeness of the 
data set and representativity)

Daily data monitoring 
Analysis of diary data regarding possible patterns in students who do not 
agree to participate in the study 
Data analysis regarding possible patterns in students who drop-out

Validity of data Instrument pretest 
Weekly reports from students (check-in calls) 
Biweekly reports from teachers (check-in calls).

Cost Prospective evaluation of the financial plan regarding resources for the 
implementation strategies 
Summative evaluation of costs

Acceptability Before data collection: reports from the representatives about the response 
to the study in general and the data collection in particular in the groups 
involved and from the decision-makers

Feasibility Technical checks, which showed that the diary works on various devices and 
operating systems 
Weekly reports from students (check-in calls) 
Biweekly reports from teachers (check-in calls)

Penetration Starting from week three of the data collection period: representatives’ 
reports (check-in calls) to examine if persons involved had integrated data 
collection into their daily routine and had only few questions through data 
monitoring

Sustainability Throughout the final third portion of the survey period: Representatives’ 
reports (check-in calls) 
Data monitoring to investigate if persons involved were still committed to 
the data collection
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implementation of interventions in practice while the data collection phase is constrained by tem
poral limitations. Moreover, a significant number of TFMs concentrate on the implementation of 
measures within the health sector, which can only be partially transferred to the implementation 
of intensive longitudinal methods and the educational sector. Furthermore, implementation 
mapping is incompatible with conventional project management concepts (e.g. regarding terminol
ogy like implementation strategies vs. work packages, evaluation vs. control, and barriers vs. risks), 
which can cause confusion with terminology. Finally, implementation necessitates the allocation of 
resources, the availability of which must be clearly communicated to funding bodies. There is a 
potential risk that these resources may not be funded.

Regarding the practice example included above, the strategies implemented were extensive but 
successful, resulting in a complete and representative data set. However, the evaluation methods for 
the outcome of validity must be viewed critically. Numerous measures were taken to contribute to 
valid data, but it was ultimately not possible to analyse thoughtful or careless responding. 
We recommend integrating a short scale on the topic of ‘careless responding’ in future intensive 
longitudinal data collections.

Theoretical and practical implications

Further research is needed on the integration of intensive longitudinal methods and implementation 
science. For the implementation of intensive longitudinal methods and the educational sector, 
specific frameworks regarding, for instance, the implementation outcomes, phases, and strategies 
are necessary. Implementation outcomes in the context of intensive longitudinal methods and edu
cation could be based on the quality criteria of psychological diagnostics (validity, reliability, fairness) 
and standards for test administration (American Educational Research Association 2014) and on 
further ethical and legal criteria, such as data protection (which was implicitly taken into account 
in the above practice example). Implementation phases for intensive longitudinal methods should 
include a closing phase. Data collections have a clear end, while the goal of implementing health 
programmes is to reach sustainability and, in an ideal scenario, not to end at the completion of a 
piloting phase. Implementation strategies, such as incentives, might differ as they are conducted 
not only during the preparation or implementation phase but also in the closing phase.

Furthermore, a discourse is needed to establish reporting standards for the implementation 
process of intensive longitudinal data collection in scientific manuscripts. In most manuscripts, 
the procedure section is notably brief, which results in a lack of comprehensibility, particularly in 
complex studies such as intensive longitudinal methods studies. Soicher and colleagues (2020) 
discuss extended reporting guidelines for the implementation of evidence-based practices in 
college classrooms based on the CONSORT guidelines (Glasgow et al. 2018). These can be used as 
a starting point for reporting standards of intensive longitudinal data collections. Until this issue 
has been resolved, we recommend the inclusion of the implementation plan and the evaluation 
report as supplementary material for intensive longitudinal studies or adapting the CONSORT 
guidelines.

In this study we focused on the study implementation stage of intensive longitudinal methods. 
However, inspired by participatory research, future research could expand the application of 
implementation science to inform also other research stages and to design strategies for these 
stages; for example to inform the study design (co-designing the study with representatives of 
groups involved) as well as the data analysis and interpretation (involving affected groups to 
explore possible context factors that need to be considered in data analysis and interpretation).

The practical implication of this work is the provision of clear strategies for the implementation of 
intensive longitudinal methods. On a larger scale, this requires the sensitization and training of research
ers regarding implementation processes. Training in implementation science is becoming available at an 
increasing number of institutions (Schultes et al. 2021). Implementation science networks and organiz
ations can offer support in finding suitable training opportunities.1 A welcome development would be 
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a larger offering of training opportunities for educational researchers. To enhance applicability, partici
pants could also engage in case studies where implementation frameworks, such as implementation 
mapping, are applied to the implementation of intensive longitudinal data collection, allowing them 
to practice these approaches in the context of complex educational settings.

Furthermore, financial resources from funding bodies are crucial for the implementation process. 
Expenditure on implementation strategies should therefore not only form part of the funding for 
applied projects but also for research projects. If funders place more emphasis on the description 
of implementation strategies in grant applications, this can also enhance the quality and impact 
of research results.

Conclusion

While the design of intensive longitudinal method studies and the analysis of intensive longitudinal 
data have been extensively discussed in the scientific literature, the implementation of these 
methods has been largely overlooked. We addressed this gap by presenting implementation 
mapping as an approach for the systematic implementation of intensive longitudinal methods 
and by providing a practical example as an illustration. However, future research and application 
of theoretical implementation frameworks to education and, more specifically, to intensive longi
tudinal methods are still necessary.
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