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Abstract 
This study examines the operational stage of an internal hospital logistics system, Best 

Service, implemented at Kalmar Hospital in Region Kalmar. The purpose is to develop a 

practice-level understanding of how traceability limitations, routine variation, and 

coordination practices shape the reliability and efficiency of the material flow between the 

central warehouse and the emergency department. The study also aims to identify areas for 

improvement in flow reliability, efficiency, and workload in hospital logistics operations. 

A qualitative case study design was adopted, based on seven semi-structured 

interviews and 24 hours of direct observations across the warehouse, transport unit, and 

emergency department. The empirical material was analyzed abductively using four 

complementary theoretical perspectives: Lean principles, process flow analysis, 

organizational routines, and a sociotechnical perspective. 

The findings show that the material flow is characterized by interrelated procedural 

challenges, particularly limited traceability across process stages, variation in routines and 

flow timing, reliance on manual coordination, delayed detection of disruptions, and limited 

visibility into prioritization. These conditions give rise to searching, checking, follow-up, and 

informal communication. From a Lean perspective, such activities can be interpreted as 

non-value-adding. At the same time, the analysis shows that such activities function as 

compensatory practices that help sustain continuity under conditions of limited system 

visibility and coordination uncertainty across process interfaces. 

The study contributes conceptually by showing that reliability in internal hospital 

logistics does not emerge solely from formal process structures, but through compensatory 

coordination practices that stabilize incomplete sociotechnical systems in everyday work. 

These practices include searching, follow-up, informal communication, and manual 

coordination across process interfaces. Practically, the study identifies areas for improvement 

related to enhanced traceability, stronger feedback mechanisms, and improved prioritization 

visibility. It also highlights the need for better alignment between planned process structures 

and actual execution to support a more reliable and resilient material flow.  

 

Keywords: hospital logistics; internal material flow; lean healthcare; organizational routines; 

traceability; sociotechnical systems 

 



Sammanfattning 
Denna studie undersöker den operativa delen av ett internt sjukhuslogistiksystem, Best 

Service, vid Kalmar sjukhus i Region Kalmar. Syftet är att utveckla en praktiknära förståelse 

för hur begränsad spårbarhet, variation i rutiner och samordning påverkar tillförlitligheten och 

effektiviteten i materialflödet mellan centralförrådet och akutmottagningen. Studien syftar 

även till att identifiera förbättringsinriktningar relaterade till flödestillförlitlighet, effektivitet 

och arbetsbelastning inom sjukhuslogistik. 

Studien bygger på en kvalitativ fallstudiedesign med sju semistrukturerade intervjuer 

och 24 timmars direkta observationer vid centrallagret, transportfunktionen och 

akutmottagningen. Det empiriska materialet analyserades abduktivt med hjälp av fyra 

kompletterande teoretiska perspektiv: Lean-principer, processflödesanalys, organisatoriska 

rutiner och ett sociotekniskt perspektiv. 

Resultaten visar att materialflödet påverkas av flera sammanhängande processuella 

utmaningar, särskilt begränsad spårbarhet mellan processsteg, variation i hur rutiner 

genomförs, beroende på manuell samordning, fördröjd upptäckt av störningar, begränsad 

synlighet kring prioritering samt variation i flödets operativa rytm. Dessa förhållanden skapar 

sökande, kontroller, uppföljning och informell kommunikation, vilket ur ett Lean-perspektiv 

kan förstås som icke-värdeskapande aktiviteter. Samtidigt visar analysen att dessa aktiviteter 

fungerar som kompenserande praktiker som bidrar till att upprätthålla kontinuitet under 

förhållanden med begränsad systeminsyn, beroenden mellan gränssnitt och processvariation. 

Studien ger ett teoretiskt bidrag genom att visa att tillförlitligheten inom sjukhusens 

interna logistik inte enbart bygger på formella processstrukturer, utan också på 

kompensatoriska samordningsrutiner som stabiliserar ofullständiga sociotekniska system i det 

dagliga arbetet. Dessa rutiner omfattar sökande, uppföljning, informell kommunikation och 

manuell samordning över processgränssnitt. I praktiska termer identifierar studien 

förbättringsområden som rör ökad spårbarhet, starkare återkopplingsmekanismer och bättre 

synlighet kring prioriteringar. Den belyser också behovet av bättre samstämmighet mellan 

planerade processstrukturer och faktiskt utförande för att stödja ett mer tillförlitligt och 

motståndskraftigt materialflöde.  

 
Nyckelord: sjukhuslogistik; interna materialflöden; Lean healthcare; organisatoriska rutiner; 

spårbarhet; sociotekniska system.  

 



 

Preface 
In hospital environments, a significant part of the work that enables patient care takes place 

behind the scenes. Materials need to be ordered, transported, delivered, and replenished in a 

continuous flow to ensure that healthcare professionals have access to the necessary resources 

at the right time. Although these activities are essential for care delivery, they often remain 

unnoticed unless disruptions occur. This study examines such processes through the internal 

logistics system, Best Service at Kalmar Hospital. 

This thesis is based on a qualitative case study conducted at Kalmar Hospital in 

Region Kalmar, focusing on the internal logistics system known as Best Service. The 

empirical material and case description are primarily derived from internal organizational 

documents, observations, and interviews with staff involved in the system. 

Due to the nature of these internal sources, certain descriptions of processes, 

structures, and system functionalities are not supported by publicly available references. 

Instead, they reflect the operational reality as understood through access to internal materials 

and direct engagement with the organization. Access to the case organization was facilitated 

through collaboration with the hospital’s logistics unit. 

All internal information has been handled with confidentiality in mind and 

anonymized where necessary. The analysis and conclusions presented in this thesis are those 

of the author and do not necessarily reflect the views of Region Kalmar. 

The author gratefully acknowledges the staff at Kalmar Hospital and Region Kalmar 

for their time, knowledge, and insights in this study. 

 

 



 

Case Context 
Best Service is an internal logistics service system implemented at Kalmar Hospital in Region 

Kalmar. The system aims to create a standardized, coordinated material flow between the 

region’s central warehouse and the hospital’s storage rooms across its care departments. 

The system involves several organizational functions. The central warehouse manages 

inventory and prepares department-specific material deliveries, while an internal transport 

function distributes materials within the hospital premises. Care departments receive materials 

in designated storage rooms, which are replenished according to predefined routines. 

Best Service is designed to separate logistics-related activities from patient-centered 

work by allocating material handling, transport, and replenishment tasks to dedicated service 

functions. Through this arrangement, the system aims to reduce administrative workload for 

healthcare staff and ensure that required materials are available when needed in clinical work. 

Materials are distributed using reusable containers and delivered according to 

predefined routes and schedules. Each delivery is linked to a specific department and storage 

location within the hospital. In this way, Best Service represents a structured internal logistics 

system designed to support reliable, efficient material supply in a complex healthcare 

environment. 

Although the Best Service system serves several hospital departments, this study 

focuses specifically on the material flow between the central warehouse and the emergency 

department to analyze the operational stage in greater depth. 
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1. Introduction 

 
The introductory chapter of the study provides background information on the subject, 

leading readers into a discussion of the problem and its scope. The study's purpose is then 

explained, followed by a presentation of the research questions.  

 
 

1.1 Background  

In hospital operations, a significant portion of daily work involves handling, moving, and 

replenishing materials necessary for patient care (Dobrzańska, Dobrzański & Śmieszek, 

2013). In addition to direct clinical activities, healthcare staff perform what Kim et al. (2023) 

describe as ‘associated work’, including searching for equipment and managing consumables. 

While these activities are essential for care delivery, Kim et al. (2023) argue that they also 

increase workload and operational complexity.  

Internal hospital material flows can be described as recurring processes involving 

sequential activities, from ordering and inventory management to internal transport and ward 

replenishment (Neve & Schmidt, 2022; Moons, Waeyenbergh & Pintelon, 2019). These flows 

are characterized by strong interdependencies between central warehouses, transport 

functions, and care departments, forming a network of interacting nodes (Van der Ham et al., 

2020). Healthcare operations place high demands on the availability, quality, and precision of 

materials. Deficiencies in internal material supply may therefore increase workload and 

negatively affect patient safety (Miller et al., 2021; Tucker & Spear, 2006). Access to the right 

materials at the right time is therefore crucial for uninterrupted patient-centered work (Patel, 

Cieslak & Hertig, 2023; Tucker & Spear, 2006). Research on hospital-wide patient flow 

further emphasizes that coordination challenges, lack of standardized routines, and limited 

operational planning can create bottlenecks and inefficiencies in hospital processes (Åhlin et 

al., 2023; Åhlin, 2026). 

In recent decades, healthcare organizations have increasingly focused on improving 

process efficiency and streamlining workflows to reduce waste of time, resources, and labor 

while maintaining quality of care (Tlapa et al., 2020; Salsabilla et al., 2024; Åhlin, 

Hermansson, & Almström, 2025). Studies suggest that improved workflows and working 

environments can enhance efficiency and free up time for patient-centered activities 
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(Kanamori et al., 2015). In response to such challenges, hospitals have implemented 

structured internal logistics systems to standardize material flows and reduce the 

administrative burden on healthcare staff (Van der Ham et al., 2020; Moons, Waeyenbergh & 

Pintelon, 2019). 

At Kalmar Hospital, Region Kalmar has implemented a systematic internal logistics 

solution known as Best Service. The system is designed as a service-based model in which the 

central warehouse distributes department-specific materials in reusable containers, which are 

delivered to care departments by dedicated transport personnel responsible for delivery and 

unpacking. By allocating logistics tasks to specialized service functions, Best Service aims to 

create a standardized, reliable internal material flow that supports material availability while 

reducing the administrative workload for clinical staff. Against this background, the Best 

Service system at Kalmar Hospital represents a structured attempt to standardize internal 

material flows, which this study examines in detail. 

 

1.2 Problem discussion 

Despite the Best Service system's structured design at Kalmar Hospital, operational 

challenges have been identified in the material flow between the central warehouse and the 

emergency department. A particular challenge concerns limited traceability. The delivery 

address labels used by Best Service are not searchable in the current digital systems, but only 

indicate the receiving department and storage room. As a result, materials cannot be 

systematically tracked as they move between the central warehouse, the transport unit, and the 

care department. In situations where deliveries are delayed or misplaced, staff must therefore 

rely on manual searching, informal coordination, and additional checking activities. 

Against this background, the study is limited to the operational stage beginning when 

a picking order is received by warehouse staff at the central warehouse and ends when 

materials are unpacked and replenished in the Best Service storage room at the emergency 

department. The emergency department was selected as the receiving unit for this study 

because it experiences high material turnover and daily scanning routines, making variations 

and coordination challenges in the Best Service flow particularly visible. Other Best Service 

flows are beyond the scope of this thesis and are treated as contextual background. Processes 

related to needs assessment, assortment planning, and order execution are therefore excluded, 

as the focus lies on how the material flow is carried out in practice and how its reliability can 

be understood.  
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In addition to traceability limitations, variations in how routines are performed across 

organizational functions contribute to flow uncertainty. Differences in execution between staff 

groups increase the extent to which the process becomes person-dependent. Such variability 

may affect both time consumption and reliability in the operational stage of the material flow.  

From a Lean perspective, variations and manual search activities can be viewed as 

non-value-adding work, such as unnecessary movement, waiting, and duplicate control 

(Moraros, Lemstra & Nwankwo, 2016). Previous research further highlights that 

non-value-adding activities in healthcare logistics not only reduce efficiency but may also 

increase workload and negatively affect the working environment (Hasle et al., 2012; Tucker 

& Spear, 2006). Limited information transparency between interdependent process stages has 

similarly been associated with coordination challenges and reduced flow reliability in internal 

hospital logistics (Van der Ham et al., 2020). 

Although Best Service represents a central logistics function within Kalmar Hospital, 

there is currently no coherent analysis of how the material flow operates at the operational 

stage in practice. In particular, the stage that begins when a picking order is registered at the 

central warehouse and ends with unpacking and replenishment at the emergency department 

has not been systematically examined in prior research. Consequently, the organization lacks 

a structured understanding of how traceability limitations, routine variations, and coordination 

practices influence process reliability and workload within this specific flow stage. 

While previous research on hospital logistics has primarily focused on process 

efficiency and Lean-based improvements, fewer studies have examined how internally 

embedded logistics systems function in everyday operational practice. In particular, the 

interaction between traceability limitations, routine variation, and coordination practices 

within a specific operational material flow remains underexplored.  

This study contributes by analyzing how an internal hospital logistics system operates 

in everyday work. By examining the operational stage of the Best Service material flow, the 

study deepens understanding of how these factors interact to shape process reliability. The 

study contributes both conceptually, by advancing a practice-based perspective on internal 

logistics processes, and practically, by identifying concrete opportunities for improvement 

relevant to hospital operations.  
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1.3 Purpose 
The study aims to contribute both theoretically and practically. Conceptually, it provides a 

practice-based understanding of how internal hospital logistics systems are enacted through 

the interaction between organizational routines, coordination practices, and technical systems. 

In practice, the study identifies and develops concrete directions for improvement in flow 

reliability, efficiency, and workload in hospital logistics operations. In addition to analyzing 

process-related challenges, the study aims to formulate concrete directions for improvement 

based on empirical findings and theoretical analysis. 

 

1.4 Research Questions 
Based on the problem discussion and the purpose, the following questions were formulated: 

1.​ How do traceability limitations, routine variations, and coordination practices shape 

the reliability of the Best Service material flow between the central warehouse and the 

emergency department?  

2.​ What improvement directions can be identified to enhance flow reliability, efficiency, 

and reduce workload in the selected Best Service material flow?  
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2. Methodology 
 

This chapter describes the methodological approach adopted in the study and explains how 

the research was designed and conducted. It outlines the qualitative case study approach, the 

data collection methods used, and the analysis of the empirical material. The chapter also 

addresses research quality and ethical considerations to ensure transparency and credibility 

throughout the research process. 
 

 

2.1 Research Design 

This study adopts a qualitative research design with a case study approach. The choice of 

research design is based on the study’s aim to gain an in-depth understanding of how internal 

material flow is carried out in practice within a hospital context, as well as to identify process 

challenges, variations in work procedures, and opportunities for improvement. According to 

Collis and Hussey (2014), qualitative research designs are particularly suitable when the 

purpose of a study is to explore and understand organizational processes rather than to test 

predefined hypotheses or measure relationships between variables. 

Näslund (2002) highlights that in logistics and operations research, qualitative 

approaches are especially valuable for studying internal processes characterized by 

complexity, human involvement, and contextual dependence. Näslund (2002) also argues that 

logistics research often relies heavily on quantitative methods, even though many logistics 

problems, such as coordination, routines, and operational execution, are better understood 

through qualitative inquiry. Similarly, Mangan, Lalwani, and Gardner (2004) emphasize that 

qualitative methodologies enable researchers to capture insights into logistics processes that 

are difficult to obtain through quantitative data. 

A case study design is employed, as the study focuses on a single, fixed case: the Best 

Service material flow at Kalmar Hospital. Case studies are particularly appropriate when 

research questions seek to explain how and why processes function in a specific 

organizational setting, and when the boundaries between the process under study and its 

context are not clearly defined (Collis & Hussey, 2014). By focusing on one hospital and one 

internal material flow, the study can examine the process in its real-life context and account 
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for organizational, spatial, and procedural conditions that influence the execution of logistics 

activities.  

The unit of analysis in this study is the operational material flow between the central 

warehouse and the emergency department within the Best Service system at Kalmar Hospital. 

The focus on this specific flow enables an in-depth examination of how the system's 

operational stage functions in practice. 

The qualitative case study design further enables an in-depth examination of 

operational material flow in practice, including interactions among organizational functions 

and variations in how tasks are carried out across actors. Such an approach aligns with 

Halldórsson and Aastrup (2003), who emphasize that qualitative logistics research should be 

evaluated using criteria such as credibility, dependability, and contextual understanding, rather 

than relying solely on traditional quantitative measures of validity and reliability. 

This approach is particularly suitable for qualitative case studies that aim to explore 

complex organizational processes in real-world contexts. An abductive research approach was 

adopted, meaning that the analysis involved an iterative movement between empirical 

observations and existing theoretical concepts. Initial observations and interview insights 

informed the selection and refinement of the theoretical framework, while the theoretical 

perspectives were subsequently used to interpret and explain patterns identified in the 

empirical material. In practice, this meant that early observations and interview accounts 

highlighting traceability limitations, routine variation, and coordination challenges informed 

the selection of the theoretical perspectives applied in the study. As data collection and 

analysis progressed, these perspectives were revisited and refined in light of recurring 

empirical patterns, allowing theory and data to inform one another throughout the analytical 

process. Rather than testing predefined hypotheses, the study is exploratory in nature and uses 

theory as an analytical lens to interpret empirical observations (Bryman & Bell, 2017). 

 

2.1.1 Research Philosophy 

The study is informed by a critical realist research philosophy. Critical realism holds that 

organizational structures and processes exist independently of individual perceptions, while 

acknowledging that they can only be understood through socially constructed interpretations 

and empirical observation (Bryman & Bell, 2017). In this study, the internal material flow 

constitutes a real operational process within Kalmar Hospital, while interviews capture 
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subjective experiences and interpretations of the process, and observations provide insights 

into how it is enacted in practice. By integrating multiple data sources, the study seeks to 

identify underlying process mechanisms and variations that influence the execution and 

reliability of the material flow.  

This philosophical position guided the study's methodological choices, particularly the 

combination of interviews and observations, as well as the abductive analytical approach. By 

acknowledging both observable practices and underlying process mechanisms, the study 

seeks to explain not only how the material flow operates, but why certain variations and 

disruptions occur. 

 

2.2 Data Collection 

Data were collected using a combination of literature review, semi-structured interviews, and 

direct observations. The use of multiple data collection methods enables triangulation, which 

strengthens the credibility of qualitative research by allowing findings to be examined from 

different perspectives (Collis & Hussey, 2014; Halldórsson & Aastrup, 2003). This approach 

is particularly appropriate in studies of internal logistics processes, where both formal 

structures and actual work practices need to be captured to understand how operations are 

carried out in practice (Näslund, 2002). 

In total, seven semi-structured interviews were conducted with actors involved in 

different stages of the Best Service material flow. In addition, three full-day observations were 

conducted, each lasting approximately 8 hours, resulting in a total of 24 hours of 

observational data.  

Internal organizational documents were consulted to provide context for the case. 

However, they were not treated as empirical data sources and are therefore not included in the 

reference list. The analysis is based on interviews and observations. The empirical analysis 

relies exclusively on primary qualitative data. 

 

2.2.1 Primary data collection  

Primary data are useful in qualitative case studies where the aim is to capture contextual and 

practice-based insights that cannot be obtained through secondary sources alone (Collis & 

Hussey, 2014). In this study, primary data collection focuses on both perceived and observed 
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aspects of the material flow. Interviews were used to capture participants’ experiences and 

interpretations of their roles, responsibilities, and challenges, while observations were 

conducted to examine how work is performed in practice. Combining interviews and 

observations enables reported practices to be compared with actual work activities, thereby 

providing a more comprehensive understanding of the internal material flow (Gray, 2019; 

Näslund, 2002). 

 

2.2.1.1 Interview 

Semi-structured interviews were conducted to gain insight into how the internal material flow 

is perceived and managed by different actors involved in the process. Interviews are 

well-suited for qualitative research when the aim is to explore participants’ experiences, 

interpretations, and knowledge of organizational processes (Gray, 2019). The interviews in 

this study focused on respondents' roles in the material flow, perceived challenges, variations 

in work routines, and experiences related to disruptions and delays in the process. One 

interview was conducted jointly with two respondents from the central warehouse and 

material planning unit, as both were responsible for planning and coordinating the Best 

Service material flow. 
The interview guide was developed based on insights from the literature review and 

focused on themes including process execution, coordination practices, and perceived 

challenges in material flow. The guide consisted of open-ended questions organized around 

themes such as respondents’ roles in the material flow, coordination between organizational 

units, handling of disruptions, and perceived challenges. 
A semi-structured interview approach was chosen because it allows for a predefined 

set of themes while maintaining the flexibility to study issues that emerge during the 

conversation. This approach enables a balance between comparability across interviews and 

openness to new insights (Collis & Hussey, 2014).  

 

2.2.1.2 Observation  

Observations were conducted to capture how internal material flow is carried out in practice 

and to complement the interview data. Observation is a valuable method when studying 

operational processes, as it allows the researcher to examine actual work practices rather than 

relying solely on self-reported descriptions (Näslund, 2002). 
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The observations in this study were conducted mainly through observational 

shadowing, in which the researcher followed staff during their daily work to understand how 

material flow was carried out in practice. The researcher had no operational role within the 

logistics system and therefore acted primarily as a non-participant observer. While the 

primary role was observational, occasional participation in minor activities was undertaken to 

better understand specific tasks and routines. 
Direct observation made it possible to identify variations in work procedures, informal 

routines, and process deviations that may not be fully articulated during interviews (Gray, 

2019). According to Näslund (2002), qualitative observation is useful in logistics research 

where human involvement and contextual conditions play a central role in shaping operational 

outcomes. For this study, the observations focused on material-handling activities, internal 

transport, unpacking routines, and interactions among organizational functions within the 

material flow. During observations, informal conversations with staff occasionally occurred. 

When such statements are included as quotations, they are treated as part of the observational 

data and labeled accordingly (O).  

 

2.2.2 Selection of Respondents 

Access to respondents was facilitated through contacts within the hospital’s logistics 

organization. A contact person within the logistics unit helped identify employees involved in 

the Best Service material flow and assisted in arranging interview appointments. Interview 

participants were selected based on their direct involvement in the Best Service material flow 

and included warehouse staff, material planning staff, and emergency department staff. In 

addition, transport personnel were included through observations of their work practices. 
The choice of respondents followed a purposive sampling strategy, in which 

participants were selected for their direct involvement in and knowledge of the Best Service 

material flow. As the study aims to develop in-depth insights into process practices rather than 

statistical representativeness, random sampling was deemed inappropriate (Collis & Hussey, 

2014). The sampling process continued until the interviews began to provide recurring rather 

than substantially new insights (Gray, 2019). This assessment was based on a thematic coding 

process, in which initial interviews generated a set of core themes related to traceability 

limitations, coordination practices, and routine variation. In later interviews, these themes 

were consistently confirmed rather than expanded, with only minor variations in how 
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respondents described them. This pattern suggested that additional interviews were unlikely to 

yield substantially new analytical insights.  

Although transport personnel were not included as interview respondents, their work 

practices were captured through direct observations. This was a deliberate choice in the 

respondent design, reflecting the study’s focus on observed work practices within the material 

flow. However, it also means that the transport unit is represented primarily through 

observational rather than interview-based accounts.  

 

2.2.3 Secondary data 

Secondary data were collected to establish a theoretical foundation for the study and to 

contextualize the empirical findings within existing research on hospital logistics, internal 

material flows, and Lean-based process improvement. Secondary data are particularly 

valuable in qualitative case studies, as they support the development of an analytical 

framework and enable the interpretation of empirical observations in relation to established 

concepts and previous findings (Collis & Hussey, 2014). 

In this study, secondary data consist primarily of academic literature and research 

publications relevant to the study’s focus. The use of secondary data enables the identification 

of key theoretical perspectives, concepts, and definitions related to internal hospital logistics, 

process flow analysis, organizational routines, and Lean principles. These sources provide the 

conceptual lenses through which the empirical material is analyzed and discussed. 

Descriptions based on internal documents are clearly distinguished in the text to preserve 

transparency regarding data sources. 

Secondary data also play an important role in supporting analytical transferability by 

enabling the empirical findings to be interpreted in relation to existing theory rather than 

treated as isolated observations (Yin, 2018). By combining primary and secondary data, the 

study deepens the analytical depth of the findings and ensures that conclusions are grounded 

in empirical evidence and established research (Collis & Hussey, 2014). 

 

2.2.3.1 Literature  

A structured literature review was conducted to establish a theoretical foundation for the 

study and to support the formulation of the research questions. The review focused on 

previous research within hospital logistics, internal material flows, Lean healthcare, 
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operational disruptions, and inventory management. According to Collis and Hussey (2014), a 

literature review serves to contextualize the research problem, identify knowledge gaps, and 

position the study within existing academic work. 

The literature was used both as a foundation for understanding the empirical case and 

as an analytical lens for interpreting the collected data. As emphasized by Mangan, Lalwani, 

and Gardner (2004), combining empirical data with relevant theory is important in logistics 

research, where complex operational processes are influenced by organizational and 

contextual factors. 

The academic literature was identified through structured searches primarily 

conducted using Google Scholar. Google Scholar was used to identify relevant peer-reviewed 

journal articles in logistics, operations management, and healthcare research. Full-text 

versions of the identified articles were accessed through the University of Gothenburg 

Library. 

The literature search was conducted using a combination of keywords related to 

internal logistics and material flows in hospital settings. Key search terms included “internal 

material flow”, “hospital logistics”, “hospital material flow”, “internal logistics”, and 

“healthcare logistics”. These keywords were integrated with and adapted for database-specific 

search functions to capture relevant studies addressing both theoretical and applied aspects of 

internal hospital logistics. This approach enabled the identification of well-established 

academic studies frequently cited within the field, as well as more recent publications relevant 

to contemporary hospital logistics practices. 

In addition to peer-reviewed academic literature, the study also draws on selected gray 

literature. Gray literature refers to non-academic sources such as organizational reports, 

webpages, policy documents, and other publicly available materials that provide practice and 

context-specific insights. The use of gray literature is relevant in applied research settings, 

such as healthcare logistics, where operational practices and organizational arrangements are 

not always fully captured in academic publications (Gray, 2019). 

In addition, gray literature was reviewed using the same keywords and thematic focus 

as in the academic literature search, resulting in the identification of several relevant reports 

and webpages. These sources were used to improve the review's comprehensiveness and 

timeliness and to provide a complementary perspective grounded in real-world practice. By 

combining academic literature with selected gray literature, the study reflects both established 

theoretical knowledge and contemporary practical developments in internal hospital logistics. 

This approach supports the study’s aim of analyzing internal material flows not only from a 
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theoretical perspective, but also in relation to how such processes are described and discussed 

in practice-oriented sources. 

 

2.2.4 Data Collection Approach 

Data collection was conducted in an iterative sequence rather than as a strictly linear process. 

The literature review was conducted first to establish the theoretical foundation and inform 

the development of the interview guide and observational focus. 

Thereafter, interviews and observations were conducted in parallel. This approach 

enabled emerging insights from interviews to guide attention during observations, while 

observations provided contextual understanding that informed the interpretation of interview 

data. Such iterative use of multiple qualitative methods is consistent with recommendations in 

logistics research, where complex processes benefit from examination using complementary 

data sources (Halldórsson & Aastrup, 2003; Näslund, 2002). 

Rather than treating interviews and observations as separate phases, the study used 

them in a comparative and mutually informing manner. For example, recurring interview 

themes related to traceability limitations and coordination challenges informed the 

observational focus on scanning practices, manual follow-up, and handling missing materials. 

In turn, observed deviations and work practices were used to refine and deepen subsequent 

interview discussions. 

This iterative and comparative approach supports methodological triangulation by 

enabling continuous comparison between reported and observed practices throughout the data 

collection process (Collis & Hussey, 2014; Halldórsson & Aastrup, 2003). Tables 1 and 2 

provide an overview of the completed interviews and observations. 
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Table 1. Overview of Interviews. Created by the author (2026).  

Note: I1 represents a joint interview with two participants. The study, therefore, includes eight 

participants across seven interviews.  

 

Table 2. Overview of observations. Created by the author (2026).  

 

2.3 Data Analysis 

The collected qualitative data from interviews and observations were analyzed using thematic 

analysis. The purpose of the analysis was to identify recurring patterns, themes, and 
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process-related challenges within the internal material flow, and to explore how variations in 

work practices and disruptions affect the process reliability and efficiency. The analysis is 

guided by theoretical concepts from Lean healthcare logistics, process flow analysis, and 

organizational routines, which serve as analytical lenses for interpreting the empirical 

material. Observational data were treated as equally important as interview data in the coding 

process and were used to validate, nuance, and in some cases challenge interview-based 

accounts. In the empirical chapter, observational data are presented alongside interview data 

and are used both to support and to inform the analysis of process execution.  

In several cases, observational data served as the primary source for analyzing process 

execution, particularly regarding transport activities and coordination practices not fully 

captured by interviews. Observational methods are particularly valuable in capturing actual 

behaviors and work practices as they occur in real settings, thereby revealing discrepancies 

between formal procedures and enacted practices that may not be fully articulated in 

interviews (Feldman & Pentland, 2003; Saunders et al., 2019). 

The analysis started with an initial review. During this phase, the interview transcripts, 

observation notes, and reflective memos were read several times to gain a general 

understanding of the material. According to Gray (2019), immersion in the data is a critical 

first step in qualitative analysis, as it enables the identification of initial patterns and areas of 

interest. 

Following the initial review, the data were systematically coded. Coding involved 

assigning labels to text segments related to the research questions, including 

material-handling activities, internal transport, unpacking routines, deviations from standard 

procedures, and perceived challenges in material flow. This process enabled the data to be 

structured and organized in a way that facilitated comparison across different respondents and 

observation settings. Collis and Hussey (2014) identify coding as a vital analytical step in 

qualitative research, enabling researchers to move from raw data to more abstract analytical 

categories.  

The coding process was conducted manually. Interviews were first transcribed from 

audio recordings, after which the transcripts and observation notes were read multiple times to 

identify recurring patterns and themes. Coding was performed manually by highlighting and 

grouping relevant text segments based on their relation to the research questions. Rather than 

using specialized qualitative data analysis software, the coding and organization of data were 

carried out manually through iterative reading and comparison of the empirical material. This 

14 



approach enabled close engagement with the empirical material and facilitated the 

identification of nuanced patterns in the data. 

The codes were subsequently reviewed and grouped into broader themes that reflected 

central aspects of the internal material flow. These themes represented recurring patterns 

across interviews and observations, such as process variability, lack of traceability, 

coordination challenges, and reliance on manual routines. The development of themes was an 

iterative process, involving continuous movement between empirical data and relevant 

literature, in line with recommendations for qualitative analysis in logistics research (Näslund, 

2002; Mangan, Lalwani & Gardner, 2004).  

Throughout the analysis, particular attention was given to comparing reported 

practices from interviews with observed practices from field observations. This analytical 

triangulation enabled the identification of discrepancies between formal routines and actual 

work practices, thereby strengthening the credibility of the findings (Halldórsson & Aastrup, 

2003). The final themes were then used as an analytical framework to present and discuss the 

results in relation to the study’s research questions and theoretical background. 

 

2.4 Research Quality 

To ensure the quality of the qualitative research, the study was developed and conducted in 

accordance with established criteria for qualitative inquiry in logistics research. Instead of 

striving for statistical generalization, the study seeks analytical transferability to similar 

hospital logistics contexts with comparable organizational structures and material-flow 

challenges. Rather than relying solely on traditional quantitative notions of validity and 

reliability, the study adopts alternative quality criteria commonly used in interpretive and 

qualitative research, namely credibility, dependability, and confirmability (Halldórsson & 

Aastrup, 2003). 

 

2.4.1 Credibility 

Credibility refers to the extent to which the findings of the study are perceived as reliable and 

accurately reflect the empirical reality under investigation (Halldórsson & Aastrup, 2003). In 

this study, credibility was strengthened through methodological triangulation, as data were 

collected using multiple qualitative methods, including interviews and observations. The use 
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of different data sources enabled the examination of the internal material flow from multiple 

perspectives and allowed reported practices to be compared with observed work activities 

(Collis & Hussey, 2014; Halldórsson & Aastrup, 2003). 

In addition, respondents representing different organizational roles within the Best 

Service material flow were included in the data collection. By capturing perspectives from 

actors involved in various parts of the process, the study reduces the risk of one-sided 

interpretations and provides a more nuanced understanding of how the material flow operates 

in practice. Continuous engagement with the empirical setting and iterative comparison of 

empirical material with emerging analytical themes further strengthened the credibility of the 

findings (Gray, 2019). 

 

2.4.2 Dependability 

Dependability concerns the consistency and transparency of the research process and the 

extent to which the study could be followed and understood by other researchers (Halldórsson 

& Aastrup, 2003). In this study, dependability was strengthened through systematic 

documentation of the research design, data collection procedures, sampling strategy, and 

analytical steps. By providing clear and detailed descriptions of how the study was conducted, 

the research process becomes transparent, allowing readers to assess its logical coherence 

(Halldórsson & Aastrup, 2003). 

In addition, the use of a semi-structured interview guide and a structured approach to 

observation contributed to consistency across data collection activities while still allowing 

flexibility to explore issues that emerged during the research process. This balance between 

structure and flexibility supports dependability by ensuring that data were collected 

consistently across respondents and observation settings, without constraining the exploration 

of context-specific practices relevant to the research questions (Collis & Hussey, 2014). 

 

2.4.3 Confirmability 

Confirmability refers to the degree to which the findings of the study are grounded in the 

empirical data rather than shaped by the researcher’s personal assumptions or biases 

(Halldórsson & Aastrup, 2003). In this study, confirmability was supported by maintaining a 

clear and transparent link between the empirical material, analytical codes, and the themes 
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presented in the findings. This traceability enables readers to assess how interpretations and 

conclusions are derived from the data rather than from subjective preferences (Gray, 2019). 

Throughout the data analysis process, reflective notes were used to document 

analytical reflections and emerging interpretations. In addition, empirical evidence from 

interviews and observations is used in the analysis and discussion sections to illustrate and 

substantiate the identified themes. By allowing readers to trace analytical claims back to the 

underlying empirical material, the study strengthens confirmability and transparency in 

interpreting the findings (Halldórsson & Aastrup, 2003). 

 

2.5 Ethical Considerations 

Ethical considerations were taken into account throughout the research process to protect the 

rights, integrity, and well-being of the participants, in line with Collis and Hussey (2014). 

Although the study did not use sensitive personal data or vulnerable groups, established 

ethical principles for qualitative research were applied, including informed consent, 

confidentiality, and responsible data handling (Collis & Hussey, 2014). 

Participants were informed about the purpose of the study, the voluntary nature of 

participation, and their right to withdraw at any time without providing a reason, in line with 

Gray (2019). Participants were informed that their identities would be anonymized in the 

study to ensure confidentiality. Informed consent was obtained from all interview participants 

prior to data collection. 

To ensure confidentiality, no personal identifiers, such as names or identifiable job 

titles, were included in the study. Data were anonymized during transcription and analysis, 

and respondents are referred to by generic role descriptions based on their involvement in the 

material flow. All empirical material was handled confidentially and stored securely to 

prevent unauthorized access (Collis & Hussey, 2014). 

Observations were conducted non-intrusively and focused on work processes rather 

than individual performance. No patient data or patient interactions were included in the 

observations, and care was taken to ensure that data collection did not interfere with ongoing 

clinical activities (Gray, 2019). 

The collected data were used solely for this study and were not shared beyond the 

research context. Throughout the research process, the researcher remained attentive to ethical 

considerations related to access, power relations, and interpretation of empirical material. 
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Care was also taken to avoid disclosing sensitive organizational information that could 

negatively affect the hospital's operations or staff. As participants represented different 

organizational roles within the hospital, including warehouse staff, transport personnel, and 

clinical staff, potential power dynamics and social desirability bias were considered during the 

interviews. To mitigate this, interviews were conducted individually, and respondents were 

assured that their responses would remain anonymous and would not be shared with managers 

or other staff. 
 

2.6 How AI has been applied in the study 

AI-based tools were used in a supportive role during the research process, primarily for 

language refinement and structural clarity. The use of AI was limited to improving grammar, 

phrasing, and coherence, and to supporting the organization of methodological and theoretical 

sections. All data collection, data analysis, interpretation of empirical material, and 

formulation of findings and conclusions were conducted by the researcher. 

 

2.7 Methodological limitations 

As this study is based on a single-case design, the findings are context-dependent and not 

statistically generalizable to other hospitals or logistics systems. The analysis focuses 

specifically on the Best Service material flow at Kalmar Hospital and particularly on the 

operational stage between the central warehouse and the emergency department. While this 

narrow scope enables analytical depth, it limits the ability to draw broader empirical 

generalizations. Rather than aiming for statistical generalization, the study seeks analytical 

transferability to other hospitals with similar internally embedded logistics systems. 

In addition, the study focuses on one receiving department, the emergency department, 

although the Best Service system serves multiple departments within the hospital. This limits 

the transferability of findings on routine variation, coordination practices, and flow 

disruptions to other receiving units that may operate under different organizational and 

operational conditions.  

The researcher conducting the study was external to Kalmar Hospital and had no prior 

operational role within the Best Service system. This outsider position reduced the risk of 
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organizational bias but also required careful engagement with respondents in order to 

understand the context and terminology used in everyday work practices. 

Although the transport unit plays a central role in the material flow, no transport 

personnel were included as interview respondents. Their perspectives are therefore primarily 

represented through observations, which may limit the depth of insight into their experiences 

and decision-making processes. 

Another methodological limitation concerns potential interview bias. Interview 

respondents may have presented their own work practices in a favorable light, particularly 

since warehouse, transport, and clinical staff were asked to describe coordination challenges 

involving their own organizational units. This may have introduced social desirability bias in 

the interview material. The risk was partly mitigated by triangulating interview accounts with 

direct observations and by collecting data across the three organizational functions involved 

in the material flow: the central warehouse, the transport unit, and the emergency department. 

Recall bias may also have influenced the findings, as respondents’ descriptions of disruptions 

and how they are handled were partly based on memories of previous situations rather than 

real-time reporting. 

While the findings are context-specific and not intended for statistical generalization, 

the study offers analytical transferability to similar internally embedded hospital logistics 

systems. In particular, the mechanisms identified in this case, such as limited traceability 

amplifying manual coordination and routine variation producing person-dependence, are 

likely to be recognizable in hospital logistics systems with comparable structural conditions. 

Furthermore, the use of qualitative interviews and observations entails a risk of 

researcher influence, as the researcher's presence during observations may have affected 

participants’ behavior. The empirical material was also collected within a limited time frame, 

so seasonal variations or long-term changes in processes are not captured. Despite these 

limitations, the chosen design is appropriate for developing an in-depth, practice-oriented 

understanding of how the material flow is enacted and interpreted in its specific 

organizational context. 
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3. Theoretical framework 
 

This theoretical framework combines four complementary perspectives to analyze the Best 

Service material flow. Lean principles are used to identify inefficiencies, non-value-adding 

activities, and opportunities for improvement, while process flow analysis provides a 

structural lens for examining activities, interfaces, and dependencies within the process. 

Organizational routines and work practices are applied to explain variability, 

person-dependent execution, and deviations between formal procedures and actual practice. 

A sociotechnical perspective integrates these insights by highlighting how interactions 

between social and technical elements shape flow reliability and workload. 

 
 

3.1 Lean principles in healthcare logistics 

Lean is commonly described as a process improvement philosophy aimed at maximizing 

value while minimizing waste by designing stable, reliable, and well-coordinated processes 

(Liker, 2004). Within healthcare, Lean has been applied not only to clinical activities but also 

to supporting functions such as internal logistics, where material availability is essential for 

uninterrupted patient care (Tlapa et al., 2020; Skowron-Grabowska et al., 2022). 

Inefficiencies in hospital material supply can therefore affect not only operational 

performance but also staff workload, work interruptions, and, indirectly, patient safety 

(Tucker, 2004; Miller et al., 2021). 

From a Lean perspective, internal logistics processes should enable materials to flow 

smoothly and predictably from storage to the point of use with minimal need for 

compensatory work by healthcare staff (Tucker & Spear, 2006). When materials are 

unavailable, delayed, or difficult to locate, healthcare professionals often employ operational 

workarounds, such as searching for supplies, borrowing materials from other units, or 

performing additional checks (Tucker, 2004). Although such activities help maintain care 

delivery, they constitute non-value-adding work that disrupts workflow and reduces time 

available for patient-centered tasks (Tucker, 2004; Kim et al., 2023). 

A central concept in Lean is the distinction between value-adding and 

non-value-adding activities (Womack & Jones, 1997). In hospital logistics, value can be 

understood as ensuring that the correct materials are available at the right location without 
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requiring additional effort from frontline staff (Tucker, 2004). Activities such as waiting for 

deliveries, unnecessary movement, searching for materials, or performing duplicate checks 

can therefore be considered waste in the logistics process (Moraros et al., 2016). Such forms 

of waste are commonly reported in healthcare logistics and are often associated with 

variability in work practices, unclear responsibilities, and limited information transparency in 

the supply process (Hasle et al., 2012; Skowron-Grabowska et al., 2022). 

Lean also emphasizes the importance of stable and reliable process flows, as stable 

flows reduce the likelihood of disruptions and make deviations easier to identify and address 

(Womack & Jones, 1997; Liker, 2004). In hospital environments, internal logistics processes 

typically involve several interdependent functions, such as central warehouses, transport 

units, and care departments, which increases process complexity and vulnerability to 

disruptions (Van der Ham et al., 2020). When reliability is low, disruptions may propagate 

across organizational boundaries and require additional manual coordination by staff involved 

in the process (Tucker & Spear, 2006; Miller et al., 2021). From a Lean perspective, recurring 

disruptions are therefore often interpreted as signals of underlying process design problems 

rather than isolated operational incidents (Tucker & Spear, 2006). 

Another key Lean principle is standardized work, which aims to reduce variation by 

establishing clear and shared routines for task performance (Liker, 2004; Tucker & Spear, 

2006). Standardization does not imply rigidity but provides a common baseline that supports 

coordination and continuous improvement. In healthcare logistics, insufficiently standardized 

routines have been associated with person-dependent practices and informal work procedures, 

which may increase variability and reduce process transparency (Näslund, 2002; Moraros et 

al., 2016). Similar challenges have also been identified in broader hospital flow management, 

where unclear responsibilities and inconsistent practices create coordination problems 

between professional groups (Åhlin, 2026). Lean-oriented studies in healthcare further show 

that inconsistently applied routines often lead to additional checking, rework, and searching 

activities, particularly at process interfaces where responsibility is transferred between 

functions (Tucker & Spear, 2006). 

Lean is also closely linked to continuous improvement, in which deviations and 

inefficiencies are analyzed to identify opportunities to improve efficiency and reliability 

(Liker, 2004). In the context of hospital internal logistics, this perspective supports identifying 

process challenges that affect both operational performance and staff workload (Tlapa et al., 

2020; Skowron-Grabowska et al., 2022). Lean research in healthcare further emphasizes that 

improvement efforts should consider both efficiency outcomes and working conditions, as 
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reductions in non-value-adding activities may alleviate workload and improve the work 

environment for healthcare staff (Hasle et al., 2012; Kanamori et al., 2015). 

In this study, Lean is primarily used as a diagnostic lens rather than a normative 

improvement model. Lean concepts are applied to interpret observed work practices and 

process deviations to understand where and why non-value-adding activities and flow 

disruptions occur, rather than to evaluate performance against an idealized Lean state. 

 

3.2 Process flow analysis in internal hospital logistics 

While Lean focuses on identifying inefficiencies and waste in processes (Womack & Jones, 

1997; Liker, 2004), process flow analysis is used here as a structural mapping tool to examine 

how activities, handovers, and dependencies are organized across the flow. The distinct 

contribution of process flow analysis in this study is therefore not primarily to evaluate 

whether activities are efficient or inefficient, but to examine how the internal logistics process 

is structured across stages, where critical handovers occur, and how disruptions in one part of 

the flow may affect subsequent stages (Van der Ham et al., 2020; Tucker & Spear, 2006). 

From a process flow perspective, organizational processes are understood as interconnected 

sets of activities through which materials and information move across organizational units 

(Van der Ham et al., 2020). 

Process flow analysis is a central approach within logistics and operations 

management for understanding how materials, information, and activities are linked across a 

sequence of interdependent process steps. In a hospital context, internal material flows 

typically involve multiple organizational units, such as central warehouses, internal transport 

functions, and clinical departments, which together form a complex and tightly coupled 

system (Van der Ham et al., 2020). Analyzing these flows is therefore essential for gaining 

insight into how materials move from storage to point of use, how work is coordinated 

between actors, and where disruptions, delays, or coordination breakdowns arise (Van der 

Ham et al., 2020; Tucker & Spear, 2006). Previous research also shows that bottlenecks, 

delays, additional handling, and process variability can significantly affect patient and 

material flows in healthcare systems (Vallandingham, De Boer & Dreyer, 2024). In this study, 

the process flow is understood to encompass both the physical movement of materials and the 

associated information flows and coordination practices required to support that movement. 

Process flow analysis is therefore used to map not only material-handling activities but also 

handovers, interfaces, and dependencies among organizational functions. 
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Previous research shows that hospital material flows are often characterized by high 

variability, manual handling, and strong dependence on human coordination, which makes 

them particularly vulnerable to process disturbances (Dobrzańska, Dobrzański & Śmieszek, 

2013; Kim et al., 2023). Van der Ham et al. (2020) describe internal hospital logistics as a 

network of interacting nodes, where disruptions in one part of the flow can propagate across 

organizational boundaries and affect downstream activities. Process flow analysis serves not 

only to describe the sequence of activities but also to identify dependencies, handovers, and 

critical interfaces between functions (Van der Ham et al., 2020). 

A key purpose of process flow analysis is to map how activities are structured, how 

materials and information move between them, and how dependencies between process steps 

influence overall flow performance. In internal hospital logistics, process flow analysis 

focuses on how activities are sequenced, how materials and information move between 

organizational units, and how handovers connect different stages of the flow (Van der Ham et 

al., 2020). From this perspective, delays, searching activities, re-handling, and 

double-checking are analytically relevant not primarily because they represent waste, but 

because they indicate where the flow is interrupted, where information is insufficiently 

transferred, or where dependencies between process stages create coordination challenges 

(Tucker & Spear, 2006; Van der Ham et al., 2020). Mapping the process flow, therefore, 

makes it possible to identify where disruptions arise, how they propagate across 

organizational interfaces, and which stages of the flow are particularly sensitive to variation 

or delay. 

Several studies emphasize that a lack of flow reliability in hospital logistics often 

leads healthcare staff to perform additional coordination activities, such as searching for 

missing items, borrowing materials from other units, or manually clarifying delivery status 

(Tucker, 2004; Tucker & Spear, 2006). From a process flow perspective, such activities are 

important because they indicate where the formal process does not fully support smooth 

transitions between stages. Process flow analysis, therefore, helps trace these disruptions back 

to specific interfaces, dependencies, or breakdowns in information transfer within the broader 

material flow (Van der Ham et al., 2020; Tucker & Spear, 2006). 

Another important aspect of process flow analysis in hospital logistics is examining 

variation in task performance. Research has shown that internal hospital logistics processes 

often rely on informal routines and person-dependent practices, leading to execution 

inconsistencies and reducing overall process reliability. By analyzing the flow step by step, it 

becomes possible to identify where variations occur, how they affect downstream activities, 
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and the extent to which the process is governed by shared routines versus individual 

adaptations (Näslund, 2002; Skowron-Grabowska et al., 2022). 

Process flow analysis is related to Lean in its concern with flow stability and 

coordination across process stages. However, in this study, it is used primarily to examine 

how activities, handovers, and dependencies are structured across the internal logistics flow, 

rather than to evaluate the process mainly in terms of waste reduction. Stable and 

well-defined process flows make deviations more visible and easier to address, thereby 

supporting systematic improvement efforts (Liker, 2004; Womack & Jones, 1997). In contrast, 

fragmented or opaque flows tend to conceal problems, increase the need for manual 

coordination, and make improvement initiatives more difficult to sustain (Tucker & Spear, 

2006). 

 

3.3 Organizational routines and work practices  
Feldman and Pentland (2003) describe organizational routines as recurrent and recognizable 

patterns of action that structure how work is carried out within organizations. Rather than 

being isolated tasks, routines typically involve multiple actors and coordinate activities across 

time and organizational boundaries. Through routines, organizations create stability and 

predictability in everyday work, which is particularly important in complex operational 

environments such as healthcare logistics, where activities are interdependent and 

time-sensitive (Feldman & Pentland, 2003). However, in complex organizational settings, 

routines are often complemented by situational adjustments and improvisation in response to 

unexpected disruptions (Vera et al., 2023), highlighting the dynamic nature of routine 

enactment. 
Feldman and Pentland (2003) emphasize that organizational routines are not static or 

purely formalized procedures, but are enacted through human action in specific contexts. The 

authors contrast between the ostensive aspect of routines, referring to formal descriptions, 

rules, or guidelines, and the performative aspect, which refers to how routines are actually 

carried out in practice. This distinction highlights that there may be differences between how 

work is intended to be performed and how individuals enact it in everyday situations. Such 

differences are especially relevant in operational settings where employees must adapt to 

situational demands, time pressure, or resource constraints (Feldman & Pentland, 2003). 
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In practice-based research, these enacted activities are often referred to as work 

practices. Work practices encompass the informal, situational, and sometimes improvised 

ways in which individuals perform tasks in order to keep processes functioning (Pentland et 

al., 2010; Tucker, 2004). While formal routines provide a shared reference point, work 

practices reflect how actors interpret, adapt, and sometimes deviate from prescribed 

procedures in response to local conditions (Feldman & Pentland, 2003; Pentland & Feldman, 

2005). In complex systems such as hospitals, where internal logistics processes interact 

closely with clinical activities, such adaptations are common and may be necessary to ensure 

operational continuity (Tucker & Spear, 2006; Miller et al., 2021). 

However, when organizational routines are weakly defined or inconsistently applied, 

work practices may become highly variable and person-dependent (Feldman & Pentland, 

2003; Pentland et al., 2010). Research in healthcare operations shows that variations in task 

performance across individuals and shifts can increase uncertainty and reduce process 

reliability (Tucker, 2004; Tucker & Spear, 2006). In such situations, operational work 

increasingly relies on individual experience and informal knowledge rather than shared 

routines, making processes more vulnerable to disruptions when key individuals are absent or 

when unexpected events occur (Tucker, 2004; Hasle et al., 2012). 

Several studies have highlighted that insufficiently standardized routines often give 

rise to informal coordination and compensatory activities, sometimes described as 

workarounds (Tucker, 2004; Tucker & Spear, 2006). Tucker (2004) shows that healthcare 

staff frequently engage in additional unplanned activities, such as searching for materials, 

borrowing supplies from other units, or performing extra checks, to compensate for 

shortcomings in organizational processes. While these work practices help maintain 

short-term functionality, they can obscure underlying process deficiencies and increase staff 

workload and stress (Hasle et al., 2012; Moraros et al., 2016). 

From an organizational perspective, routines therefore play a central role in shaping 

the reliability and efficiency of internal material flows (Pentland & Feldman, 2005; Van der 

Ham et al., 2020). Well-defined and consistently enacted routines support coordination 

between actors, reduce unnecessary variation, and enable smoother process flows (Pentland et 

al., 2010; Skowron-Grabowska et al., 2022). Conversely, when routines are fragmented or 

loosely embedded in daily practice, internal logistics processes become more dependent on 

informal work practices, increasing the risk of delays, miscommunication, and operational 

disruptions (Tucker, 2004; Tucker & Spear, 2006; Hasle et al., 2012). Understanding 

organizational routines and work practices is thus essential for analyzing how internal 
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material flows function in practice and for identifying areas where improvements may 

enhance process stability and reduce reliance on compensatory work (Näslund, 2002; Mangan 

et al., 2004; Halldórsson & Aastrup, 2003). 

In this study, organizational routines are understood as both stabilizing mechanisms 

and potential sources of variation. While routines provide a shared reference for coordination, 

variations in how routines are enacted by different actors can contribute to person-dependent 

practices and process uncertainty. The analysis, therefore, focuses on how actors perform 

routines in practice at different stages of the material flow. 

 

3.4 Sociotechnical perspective on internal logistics 

A sociotechnical perspective emphasizes that organizational performance is shaped through 

the interaction between social and technical elements within a system. Rather than viewing 

technology, processes, and human actors as separate components, sociotechnical theory 

emphasizes that these elements are interdependent and must be aligned for work systems to 

function effectively (Baxter & Sommerville, 2011). From this perspective, improvements in 

organizational processes cannot be achieved solely through technical solutions or procedural 

changes but require consideration of how people actually perform work in everyday practice 

(Clegg, 2000). In the context of the Best Service material flow, previously identified 

challenges related to traceability, manual coordination, and unclear responsibility structures 

suggest potential misalignments between technical systems and everyday work practices. 

Technical elements include artifacts such as delivery labels, information systems, storage 

equipment, and transport infrastructure, while social elements include routines, 

experience-based judgment, and informal coordination practices among warehouse, transport, 

and departmental staff. A sociotechnical perspective is used to analyze how misalignments 

between these elements contribute to traceability challenges, manual workarounds, and 

variability in process execution. 

Within internal logistics, the sociotechnical perspective is particularly relevant, as 

material flows depend on both technical infrastructures and human coordination (Rimpiläinen 

& Koivo, 2008). From a logistics perspective, material and information flows are closely 

interconnected and constitute the core elements of logistics systems, in which organizational 

structures and technological infrastructures jointly shape how flows are managed 

(Strandhagen et al., 2017a, 2017b). Technical elements such as information systems, 

inventory management tools, labeling practices, and transport equipment shape how materials 
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can be tracked, moved, and stored. At the same time, social elements such as routines, roles, 

experience, and informal coordination practices influence how these technical tools are used 

in practice (Rimpiläinen & Koivo, 2008). The effectiveness of internal logistics processes, 

therefore, depends on how social and technical components function together in practice. 

Reliable flow performance cannot be achieved through either element alone (Baxter & 

Sommerville, 2011). 

Research in healthcare logistics highlights that mismatches between technical systems 

and work practices are common. When technical systems do not adequately support the 

information and coordination needs of frontline staff, employees often compensate by using 

manual workarounds, informal communication, and additional checks (Tucker, 2004; Tucker 

& Spear, 2006). While such adaptations may help maintain short-term functionality, they can 

increase workload and obscure underlying system deficiencies (Carayon et al., 2006). From a 

sociotechnical perspective, these workarounds are not primarily individual failures, but 

signals of misalignment between technical design and social practice (Bostrom & Heinen, 

1977; Clegg, 2000).  

Several studies emphasize that digital tools and logistics technologies must be 

designed and implemented with careful attention to existing routines and work practices in 

order to achieve intended performance improvements (Carayon et al., 2006; Baxter & 

Sommerville, 2011). Rimpiläinen and Koivo (2008) show that the introduction of information 

systems in hospital logistics affects not only technical process efficiency but also task 

distribution, responsibility, and coordination between actors. Similarly, Van der Ham et al. 

(2020) argue that internal hospital logistics should be understood as a network of interacting 

nodes, where both technical interfaces and human handovers influence flow reliability. In 

such systems, disruptions often propagate across organizational boundaries when technical 

visibility or shared understanding of the process is limited (Tucker & Spear, 2006; Van der 

Ham et al., 2020). 

The sociotechnical perspective further complements Lean principles by highlighting 

that standardization and process stability depend on both technical support and social 

acceptance (Clegg, 2000; Baxter & Sommerville, 2011). While Lean emphasizes standardized 

work and reliable flow, sociotechnical theory clarifies that standardization must be usable and 

meaningful for the actors performing the work in order to be sustained in practice (Baxter & 

Sommerville, 2011). If standardized procedures are not supported by appropriate technical 

tools or conflict with practical constraints, deviations and informal practices are likely to 

emerge (Pentland & Feldman, 2005; Tucker & Spear, 2006). 
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A sociotechnical perspective enables a more holistic understanding of process 

performance in internal logistics (Clegg, 2000; Baxter & Sommerville, 2011). It allows 

analysis of how technical solutions, such as traceability systems or digital support tools, 

interact with organizational routines, work practices, and human judgment (Pentland & 

Feldman, 2005; Rimpiläinen & Koivo, 2008). This perspective is particularly relevant for 

analyzing internal material flows in hospital environments, where reliability, flexibility, and 

coordination across professional and organizational boundaries are critical (Van der Ham et 

al., 2020; Miller et al., 2021). By examining both social and technical aspects, the 

sociotechnical perspective provides a foundation for identifying measures to enhance process 

stability while reducing reliance on compensatory work (Baxter & Sommerville, 2011; Tucker 

& Spear, 2006). 

 

3.5 Summary of theoretical framework 

Taken together, the theoretical framework provides complementary perspectives for analyzing 

the Best Service material flow. Given the importance of material availability for clinical work, 

disruptions in internal logistics may also affect patient safety, particularly when delays or 

missing materials disrupt care delivery.  

In addition to operational efficiency and workload, internal logistics processes in 

hospital settings are closely linked to patient safety. Previous research indicates that 

disruptions in material supply, such as missing or delayed items, may lead to interruptions in 

care delivery or require compensatory actions by healthcare staff (Miller et al., 2021; Tucker 

& Spear, 2006). In this study, patient safety is not treated as a separate analytical perspective, 

but as an important outcome dimension through which the implications of process variability, 

limited traceability, and coordination challenges can be understood. 

Lean principles offer a lens for identifying non-value-adding activities, flow 

disruptions, and opportunities for improvement. Process flow analysis supports the systematic 

mapping of activities, interfaces, and dependencies within the flow, enabling the identification 

of critical stages and sources of variability. Organizational routines and work practices 

contribute to understanding how formal procedures are enacted and how person-dependent 

variations emerge. Finally, the sociotechnical perspective integrates these insights by 

highlighting how technical systems, routines, and human practices interact to shape process 

reliability and workload. 
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Collectively, these perspectives form the analytical basis for interpreting the empirical 

material in the following chapters. The framework supports the first research question by 

providing conceptual tools to describe and explain the functional characteristics of the 

material flow. It also informs the second research question by providing analytical lenses to 

identify opportunities to improve efficiency, reliability, and workload.  

While Lean principles are frequently applied in studies of healthcare logistics to 

identify inefficiencies and waste, previous research often emphasizes process optimization 

without fully addressing how routines are enacted in practice or how technical systems 

interact with everyday work activities. By combining Lean with process flow analysis, 

organizational routines, and a sociotechnical perspective, this study adopts a more integrated 

analytical approach. Together, the perspectives connect process design, work practices, and 

technical system conditions. This framework provides a more comprehensive understanding 

of how formally designed logistics systems operate in practice. Table 3, presented below, 

summarises the theoretical framework and analytical approach.  

 

Table 3. Summary of the theoretical framework and analytical focus. Created by the author 

(2026).  

 
 

29 



4. Empirical material 

 
This chapter presents the empirical material, structured according to the operational stages 

of the Best Service material flow. While the material is organized according to the process 

sequence, it also reflects key analytical themes related to traceability, routine variation, and 

coordination practices. These themes are analytically relevant as they correspond to specific 

dimensions of the theoretical framework. Traceability limitations are primarily examined 

through a sociotechnical perspective, focusing on how limitations in digital systems affect 

visibility and coordination across the flow. Variations in work practices are analyzed using 

organizational routines theory, particularly the distinction between ostensive and 

performative aspects of routines. Coordination practices and process disruptions are further 

examined through process flow analysis, which emphasizes interfaces and dependencies 

among organizational actors. In addition, Lean principles are applied to assess how these 

conditions generate non-value-adding activities and affect flow reliability. The purpose of this 

chapter is therefore not only to describe the material flow, but to present empirically 

grounded patterns that are analyzed through these perspectives in Chapter 5. 

 

 

4.1 Overview of the Best Service material flow 

 
 
Figure 1. Overview of the Best Service material flow. The figure illustrates the main stages of 

the operational flow analyzed in this study. Created by the author (2026). 
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4.1.1 System structure and organizational actors 

The Best Service material flow at Kalmar Hospital is described by central warehouse 

management and material planning staff as an internal service system designed to create a 

seamless flow of consumable medical materials between the central warehouse and care 

departments, as one respondent explained: “a way to make sure that the departments always 

have what they need without the nurses having to handle the logistics themselves” (I1). The 

system involves several organizational functions, including the central warehouse, the internal 

transport unit, and the receiving care departments. Together, these functions are responsible 

for ordering, picking, transporting, delivering, and replenishing materials required for daily 

clinical operations (I1; I2–I4; I5–I7). An overview of the Best Service material flow is 

presented in Figure 1.  

 

4.1.2 Tag-based ordering and scanning process 

Material orders in the Best Service system are initiated at the care departments using a 

tag-based ordering system (I1; I5–I7). Each storage room at the care department is associated 

with a physical order board located outside the door, where material-specific tags are placed 

to signal replenishment needs (O2; I5–I7). According to observations, tags are moved from a 

“order” section to an “ordered” section once they have been scanned by transport personnel, 

providing a visual indication that an order has been placed (O2). The tags contain information 

about the article, quantity, and delivery location and function as the primary trigger for 

ordering within the system (O2; I1). As one respondent explained, the tags serve as a simple 

way to signal replenishment needs: “We put up the tag when something starts running low, 

and that’s how the order gets started” (I5–I7). 

Transport personnel are responsible for scanning the order tags using a digital ordering 

interface; the information is then transmitted to the central warehouse as a picking order (O2; 

I2–I4). During observations, staff were seen scanning order boards in the morning, typically 

following predefined routes across multiple departments (O2; O3). While not all departments 

are scanned daily, the emergency department is one of the hospital departments scanned daily 

due to its operational requirements (O2; I5–I7).  
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4.1.3 Operational cycle and process structure 

4.1.3.1 Planned three-day cycle 

The Best Service material flow is generally described as following a recurring three-day 

operational cycle. Based on observations and interview accounts, the process begins with tag 

scanning at the care department on the first day, followed by picking at the central warehouse 

on the second day, and delivery and replenishment at the department on the third day (O2; 

O1; I2–I4; I5–I7). Observations describe this temporal structure as a familiar, expected 

rhythm in the system's everyday operation (O1). As one warehouse employee described, “it’s 

a kind of three-day rhythm that we’re used to, you know, when things are picked and when 

they should arrive” (I2). 

 

4.1.3.2 Observed variations in timing and flow 

Although the three-day cycle represents the intended operational rhythm, both observations 

and interview data indicate that activity timing may vary in practice (O2; O3; I2–I7). 

Interviewees at the emergency department described that deliveries were expected to follow a 

regular pattern, and deviations from this timing were quickly noticed in daily work (I5–I7). 

Respondents described proactively monitoring stock levels to avoid shortages before the next 

scheduled delivery (I2–I4; I5–I7). In such situations, the time between order initiation and 

final delivery became less predictable, creating uncertainty at the receiving department. At the 

emergency department, where materials are consumed continuously, interviewees described 

that this temporal gap made it important to identify shortages early and place order tags 

before stock was fully depleted (I5–I7). Some respondents described closely monitoring stock 

levels to avoid situations in which materials ran out before the next scheduled delivery, while 

urgent needs were handled through borrowing or ad hoc requests (I5–I7). 

 

4.1.3.3 Additional handling steps for externally supplied items 

In addition to materials supplied directly from the central warehouse, the Best Service system 

also includes items ordered from external suppliers (I1; O3). Observations showed that these 

items followed a separate incoming goods process before being integrated into the internal 

delivery flow. They were first received at the goods reception area, then processed in a 

package room, and only thereafter consolidated with warehouse-picked materials before 
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delivery to the departments (O1; O3). Compared with items handled entirely within the 

central warehouse, externally supplied materials therefore passed through additional handling 

steps before reaching the department. 

Observations and interview accounts indicate that the operational flow was organized 

around a shared three-day cycle, but that this cycle is not always maintained in practice. 

Variations in timing and additional handling steps, particularly for externally supplied items, 

were recurring features of the observed flow. These observations highlight that the material 

flow is structured not only by formal procedures but also by variations in timing, coordination 

practices, and information visibility, which form key themes for the subsequent analysis. 

 

4.2 Order initiation and picking at the central warehouse 

This stage is analytically relevant for understanding routine variation and process 

dependencies, as both formal picking procedures and situational adjustments were 

observed in the warehouse operations. 

 

4.2.1 Picking process and warehouse structure 

When a picking order appears in the warehouse management system, warehouse staff initiate 

the picking process (O2; I2–I4). Orders are processed through a structured picking system 

across several storage areas, including sterile, automated, pallet, nutrition, and cold storage. 

During observations at the central warehouse, the picking order was observed moving 

between several storage sections before completion, illustrating how relay picking is 

practiced. Observations showed that relay picking was a standard way of organizing the work, 

in which orders moved sequentially between different storage sections (O1). During 

observations, one employee described the process as “it just keeps moving from one section 

to the next until everything is added” (O1), while a warehouse employee explained: “The 

order moves step by step through the warehouse, and each section adds what they are 

responsible for before it goes to the next one” (I2).  
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4.2.2 Digital picking procedures 

Picking is carried out using handheld digital devices connected to the warehouse management 

system. When a picking order is activated, warehouse staff receive information about the 

article number, quantity, and storage location (O1; I2–I4). Staff move to the designated 

storage location, scan the article's barcode, and confirm the picked quantity in the system 

(O1). According to interviewees, this scanning process is intended to ensure that the correct 

item and quantity are selected (I2–I4). One respondent described the process as follows: “We 

always scan everything, otherwise the system won’t accept it, so it’s our way of making sure 

nothing is missed” (I3).  

 

4.2.3 Packing, staging, and variations in picking work 

Materials intended for Best Service deliveries are placed in reusable plastic containers rather 

than cardboard boxes, as part of the system’s design (I1). Different container types may be 

used depending on the type of material, such as separate containers for sterile products (O1; 

I2–I4). Each container is labeled with a delivery address indicating the receiving department 

and the specific storage room number (O1; I1). Once picking is completed, the containers are 

placed in designated staging areas awaiting internal transport (O1). 

Although the picking process is formally structured through scanning and predefined 

storage locations, observations showed that in practice it involved ongoing adjustments to the 

task sequence and additional manual checks (O1; I2–I4). During periods of higher workload, 

staff adjusted the picking sequence based on perceived urgency rather than following a strict 

predefined order. As one warehouse employee explained: “Sometimes we adjust the order we 

pick things in depending on how busy it is that day” (I3). 

In addition, discrepancies between recorded and actual stock levels required staff to 

search for items in alternative or buffer locations. As another warehouse employee described: 

“Sometimes the system says it should be there, but it’s not, so we have to go and look for it 

ourselves” (I2). These adjustments added steps to the picking process and occasionally 

delayed order completion (O1). 

In addition to items stocked at the central warehouse, certain articles ordered through 

the Best Service system are supplied by external vendors (I1). These items follow a separate 

incoming goods process before being integrated into the internal delivery flow (O1; O3). As 
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described by warehouse staff, this can introduce additional coordination steps compared to 

items fully handled within the central warehouse (I2–I4). 

Overall, the picking stage at the central warehouse is a structured, multi-step process 

that involves digital registration, physical movement between storage areas, and coordination 

among staff across different sections. While supported by formal routines and digital systems, 

observations and interview accounts indicate that practical execution may involve situational 

adjustments depending on stock availability and daily workload (O1; I2–I4). Across the 

picking stage, observations and interview accounts indicate that formal digital procedures 

coexist with situational adjustments related to workload, stock discrepancies, and order 

prioritization. 

 

4.3 Internal transport and coordination 

This stage is particularly relevant to analyzing coordination practices and information 

visibility, as transport activities serve as a key interface between the warehouse and the care 

departments. 

 

4.3.1 Transport unit responsibilities and scanning rounds 

The transport unit plays a central role in initiating and coordinating the Best Service material 

flow between the care departments and the central warehouse. Once care department staff 

have placed order tags on the designated order boards outside their storage rooms, transport 

personnel are responsible for scanning these tags and generating digital purchase orders (O2; 

I5–I7). 

Each storage room is associated with a physical board divided into two sections, 

labeled “order” and “ordered” (O2). When department staff requires replenishment, they 

move the relevant material tag to the “order” side of the board (I5–I7).  

During observations, transport personnel were seen starting their scanning rounds in 

the morning, typically between approximately 08:30 and 11:30, following predefined routes 

across the hospital. This allows department staff time to place additional order tags before 

scanning begins (O2). Interviewees further confirmed this practice (I5–I7), with one 

interviewee describing, “We wait a bit before we start scanning” (I5). Not all departments are 
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scanned daily; however, the emergency department is scanned daily due to its operational 

requirements (O2; I5–I7).  

 

4.3.2 Digital order registration through tag scanning 

During observations, transport personnel first scanned the QR code associated with the 

storage room, then scanned each tag on the order board (O2). After all relevant tags have been 

scanned, a digital order is created and transmitted to the central warehouse (O2; I2–I4). As 

expressed by a transport employee during observations: “We scan the room first and then all 

the tags, and then the system creates the order automatically” (O3). The physical tags are then 

moved to the “ordered” side of the board and marked with the current date to indicate that the 

order has been placed (O2). 

 

4.3.3 Order monitoring and coordination activities 

Observations of the transport unit showed that their work extended beyond scanning and 

order registration (O2; O3). Although the scanning routine followed a formal procedure, 

observations showed that transport staff also performed repeated manual follow-up tasks that 

were not fully supported by the system. In practice, transport staff repeatedly returned to order 

boards, checked tags that remained in place, and followed up on orders that had not been 

cleared within the expected timeframe. When tags remained on the board for several days, 

staff took photographs of the boards, contacted colleagues, and manually traced whether the 

order had been picked, delayed, or delivered (O2; O3). This type of follow-up work was 

described by transport personnel as a recurring part of daily operations, with one employee 

explaining: “We often have to go back and check the boards again, because it’s not always 

clear what has happened in the system” (O2).  

As one transport employee explained during observation: “If a tag stays on the board 

for several days, we usually have to check what happened, because the system doesn’t always 

show it clearly” (O2). These follow-up activities were not isolated events but formed a 

recurring part of everyday transport work. 

Observations further indicated that order status was not always fully visible through 

the system interface. Therefore, transport personnel relied on a combination of visual 

inspection, informal communication, and manual checks to clarify the status of orders (O2; 
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O3). Interviewees in the emergency department described these practices as a practical way to 

handle delayed or missing materials in everyday work (I5–I7). 

In addition to coordinating internal orders, the transport unit also handled orders for 

external suppliers. In these cases, the scanning process followed a similar procedure, but the 

order was transmitted to an external vendor rather than to the central warehouse. Once 

external deliveries arrived at the goods reception area, they were processed separately before 

being integrated into the internal delivery flow (O3). Together, these observations indicate 

that the transport stage involved not only transferring materials and registering orders, but 

also ongoing coordination and monitoring activities required to maintain flow visibility in 

practice. Across the transport stage, observations and interview accounts indicate that 

scanning and delivery activities were closely intertwined with manual follow-up work and 

informal efforts to clarify order status. 

 

4.4 Delivery, unpacking, and replenishment at the emergency 

department 

This stage is analytically important for understanding the consequences of flow 

disruptions, as deviations in material availability become visible and directly affect 

clinical work practices. 

 

4.4.1 Delivery of materials to the department 

Once picking is completed at the central warehouse and the containers are staged for 

transport, the materials are delivered to the emergency department by the internal transport 

unit (O3). Deliveries typically take place in the morning, following the recurring three-day 

structure described in previous sections (O3; I5–I7). Interviewees at the emergency 

department described that deliveries were expected to follow a regular pattern, and deviations 

from this timing were quickly noticed in daily work (I5–I7). 

Upon arrival at the emergency department, transport personnel bring the reusable 

containers to the designated storage rooms (O3). According to interviewees, each storage 

room is connected to a specific clinical area, and materials are organized according to 

predefined shelf locations (I5–I7). As one respondent explained, “everything has its place on 

the shelves, so when it arrives it just goes straight to where it belongs” (I7). Throughout the 
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delivery and replenishment stage, observations indicated that materials were not always 

identified as missing or delayed at handover, but were often identified later during unpacking 

or use. 

 

4.4.2 Unpacking and replenishment routines 

Observations show that transport staff unloads the containers, place items on the appropriate 

shelves, and remove empty containers for return transport (O3). As one respondent described: 

“They come in, unload everything, and put it on the shelves, so we don’t have to handle it 

ourselves” (I7). Observations indicate that this arrangement reduces the time clinical staff 

spend on logistical tasks (O3). One interviewee explained: “It’s helpful that they do the 

replenishment, otherwise we would have to spend time on it during shifts” (I6). However, 

interviewees note that department staff remain responsible for identifying when materials are 

running low and for placing new order tags on the order board (I5–I7). 

 

4.4.3 Handling discrepancies and urgent needs 

During delivery, transport personnel may encounter situations in which ordered items are 

missing or delivered only partially (O3). According to interviewees at the emergency 

department, such situations are sometimes discovered during unpacking or later when staff 

retrieve materials from storage (I5–I7). 

When expected materials were missing, emergency department staff described several 

follow-up actions, including checking the order board, asking transport personnel whether the 

item had arrived, verifying whether it had been registered as a rest order, and, in some cases, 

borrowing materials from another unit. In such situations, staff described having limited 

buffer capacity, meaning that delivery delays could quickly translate into urgent shortages 

within the department. As one respondent explained: “Sometimes we notice that something is 

missing when we unpack, and then we have to search for it or borrow from another 

department” (I7). 

Observations further indicated that there is no formalized verification procedure 

requiring joint confirmation between transport personnel and department staff at the time of 

delivery (O3). Although the delivery process appeared structured at handover, observations 

and interview accounts indicated that discrepancies were often identified later and managed 

38 



through situational follow-up actions rather than through a formalized verification routine. 

Instead, the process appears to rely on routine practice and visual checks performed by the 

individuals involved. Interviewees reported that materials are generally assumed to be 

delivered correctly unless discrepancies become evident during later use (I5–I7). 

During observations, discrepancies were not always identified immediately upon 

delivery. In some cases, missing items were only noticed when staff began unpacking 

containers or retrieving materials for use. This prompted immediate follow-up actions such as 

checking storage locations, asking transport personnel, or contacting colleagues to locate the 

item (O3). In these situations, ongoing work was temporarily interrupted while staff attempted 

to resolve the issue. In several cases, staff also described situations in which materials were 

nearly depleted before replacements arrived, increasing the urgency to resolve the issue. One 

respondent noted: “Sometimes you realize quite late that something is almost gone, and then 

it becomes stressful because you don’t know if it will arrive in time” (I5). This was described 

as disruptive to ongoing work, with another respondent explaining: “When something is 

missing, it takes time away from what we are supposed to be doing, because we have to stop 

and figure it out” (I6). These situations were described as particularly challenging in a clinical 

context, where interruptions could affect ongoing patient-related tasks. 

In situations where materials were urgently needed before the next scheduled delivery, 

staff contacted the central warehouse directly or requested ad hoc transport support (I5–I7). 

These actions were described as exceptions to the regular flow. Overall, the delivery, 

unpacking, and replenishment stage constitutes the final step in the Best Service material 

flow, at which point materials become available for clinical use (O3; I5–I7). 

 

4.5 Observed challenges and variations 

The challenges presented in this section reflect recurring patterns in material flow, particularly 

limitations in traceability, routine variation, and the need for manual coordination and 

follow-up. 

 

4.5.1 Limited transparency and information visibility, sociotechnical perspective 

A recurring challenge observed across the material flow was limited transparency regarding 

order status. Interviewees in the emergency department described situations in which it was 
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not possible to determine whether an ordered item was delayed, marked as a rest order, or 

unavailable due to supplier issues (I5–I7). As one transport employee explained during 

observation: “If something goes missing, we often have to walk around and check different 

locations because the system doesn’t show exactly where the container is” (O2).  

During observations, staff relied on additional coordination and verbal updates when 

the system did not provide clear information about item location or delivery status (O2; O3). 

As one respondent described: “if something is delayed, we usually just call each other to 

figure out where it is” (I6).  Observations showed that staff often relied on informal 

communication among the warehouse, transport unit, and care departments to clarify order 

status (O2; O3; I5–I7). Warehouse staff similarly described that it was not always clear how 

urgent specific orders were once they had been registered in the system (I2–I4). This lack of 

visibility into prioritization was also reflected in one employee’s account: “We don’t always 

know how urgent an order is once it’s in the system, so we just process them as they come” 

(I2). 

 

4.5.2 Stock discrepancies at the central warehouse 

Observations at the central warehouse showed that physical stock levels did not always 

correspond to the quantities recorded in the system (O1). In these situations, warehouse staff 

paused the picking process to verify shelf contents or search for items in alternative storage 

locations. When expected items could not be found, staff either adjusted the system balance or 

marked the item as unavailable, resulting in restocking orders or incomplete deliveries (O1; 

I2–I4). Interviewees confirmed that such discrepancies occasionally led to items being 

excluded from deliveries or delayed until stock was corrected (I2–I4; I5–I7). These situations 

introduced additional handling steps and interruptions to the picking process, affecting order 

completion. This was described by warehouse staff as a recurring issue, with one employee 

explaining: “Sometimes we realize during picking that the stock is not correct, and then we 

have to stop and sort it out before we can continue” (I3). 

 

4.5.3 Variations in work practices 

Variations in work practices were observed across multiple stages of the Best Service material 

flow. At the central warehouse, staff described adjusting the sequence of picking tasks 
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depending on workload and perceived urgency (I2–I4). Observations confirmed that during 

busier periods, tasks were reprioritized rather than performed in a fixed sequence, with staff 

deviating from the standard picking order to manage time constraints (O1). 

Similar variations were observed in the transport stage. Observations showed that the 

extent to which transport personnel followed up on delayed order tags varied by situation and 

individual (O2; O3). In some cases, staff revisited order boards multiple times, actively 

checked tags, and contacted colleagues, while in other cases, follow-up was more limited and 

relied on scheduled routines. 

At the emergency department, interviewees described differences in how closely stock 

levels were monitored and how quickly order tags were placed when materials were running 

low. Some staff described regularly checking storage levels and placing tags early, while 

others reported that ordering was sometimes delayed until materials were nearly depleted 

(I5–I7). Together, these observations indicate that routine execution varied across individuals 

and situations, resulting in differences in how material flow was managed in practice. Across 

these stages, formal routines provided a shared structure for the flow, but the empirical 

material showed that everyday execution often depended on individual judgment, timing, and 

local adjustments. This variation was described by staff as a natural part of the work, with one 

respondent explaining: “Everyone has their own way of doing it, depending on how they 

prioritize and how busy it is” (I5).  

 

4.5.4 Handling missing or delayed materials 

Missing or delayed materials were typically identified either during unpacking or later, when 

items were retrieved for use in the emergency department (O3; I5–I7). In these situations, the 

issue was usually first noticed by department staff responsible for handling or using the 

materials. 

Once a discrepancy was identified, staff followed a range of actions depending on the 

situation. One respondent explained they would check the order board, ask transport 

personnel whether the item had been delivered, verify whether it had been registered as a rest 

order, or contact the central warehouse directly (I5–I7). Observations indicated that these 

actions were carried out on a case-by-case basis rather than through a formalized escalation 

procedure (O3). 

41 



In situations where materials were urgently needed, staff described borrowing items 

from other departments or requesting ad hoc support from the transport unit. As one 

respondent explained: “Sometimes we notice that something is missing when we unpack, and 

then we have to search for it or borrow from another department” (I7). These situations 

required additional coordination activities and time spent locating or substituting missing 

materials. In practice, the handling of discrepancies appeared to depend partly on local 

initiative and partly on who identified the issue, rather than following a standardized process.  
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5. Analysis 
 

This chapter analyses how traceability limitations, routine variation, and coordination 

practices shape the reliability of the Best Service material flow, thereby addressing RQ1. The 

chapter also identifies directions for improvement related to flow reliability, efficiency, and 

workload, thereby addressing RQ2. The analysis uses Lean, process flow analysis, 

organizational routines, and a sociotechnical perspective as analytical lenses, but focuses on 

interpreting the empirical findings rather than restating theory.  

 
 

5.1 Lean perspective: Waste and flow reliability 

The Best Service system is designed to support a stable and predictable material flow by 

ensuring that departments receive required materials without nurses having to manage 

logistics themselves (I1). In practice, however, the empirical material shows that staff still 

perform repeated checks of order boards, manual follow-up on delayed tags, and searches for 

missing materials during unpacking (O2; O3; I5–I7). These activities require additional effort 

without improving the availability of materials at the point of use and can therefore be 

interpreted as non-value-adding work (Womack & Jones, 1997; Tucker, 2004). At the same 

time, they become necessary when the system lacks sufficient transparency. This indicates 

that, despite a structured system design, flow reliability depends on compensatory activities 

when transparency is limited. 

 

5.1.1 Searching, verification, and non-value-adding activities  

The empirical material shows that staff engage in repeated checking, searching, and follow-up 

when deliveries do not occur as expected. These activities add work without directly 

improving material availability and can therefore be considered non-value-adding (Moraros et 

al., 2016). 

A concrete example is that transport personnel sometimes monitor order boards over 

several days and photograph tags to follow up delayed deliveries, while department staff 

check boards, contact transport personnel, or verify whether an item has been registered as a 

rest order when materials are missing during unpacking (O2; O3; I5–I7). Such disruptions 
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may also affect patient safety, as delays in material availability can interrupt clinical 

workflows and delay time-critical tasks in the emergency department. 

These practices, therefore, have a dual role. They increase the workload but also help 

staff maintain continuity when system transparency is limited. This shows that limited 

traceability and weak system feedback undermine reliability by forcing staff to manually 

reconstruct flow status, thereby directly addressing RQ1. 

 

5.1.2 Operational rhythm and flow stability 

Another important aspect concerns the reliability of the operational cycle in the Best Service 

flow. The process follows a recurring operational cycle, but the empirical material shows that 

this cycle is frequently extended due to rest orders, supplier delays, and stock shortages 

(O1–O3; I2–I7). This operational structure can be interpreted as an attempt to create a stable 

and predictable flow rhythm (Womack & Jones, 1997; Liker, 2004). 

As a result, the intended three-day cycle is not consistently maintained when delays or 

stock-related disruptions occur (I2–I7). Such deviations indicate that the process is not fully 

stabilized (Tucker & Spear, 2006). However, the empirical material shows that staff are 

familiar with such deviations and adjust their work practices accordingly, for example, by 

monitoring stock levels early in the emergency department, placing tags before shelves are 

fully depleted, and handling urgent shortages by borrowing or making ad hoc requests 

(I5–I7). This suggests that the three-day cycle functions as a planned rhythm, but one that still 

requires local adjustment when disruptions occur. 

This illustrates a second procedural challenge in the flow: operational rhythm 

variability, which is the gap between the system's intended operational rhythm and its 

enactment in practice. This reduces the predictability of the flow and introduces timing 

variability across process stages. In relation to RQ1, this indicates that flow reliability is 

affected by the gap between the planned operational rhythm and how the flow is enacted in 

practice. 

 

5.1.3 Standardization and adaptive flexibility 

A third Lean-related issue concerns the tension between standardization and adaptive 

flexibility in the Best Service flow. Several elements of the system reflect attempts to 
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standardize the logistics process, including predefined scanning routes, digital picking 

procedures, relay-picking structures at the warehouse, and designated storage locations in the 

departments (O1–O3; I1–I7). 

At the same time, the empirical material shows that these routines are not always 

enacted consistently. Warehouse staff adjust picking sequences based on workload or stock 

availability, and observations indicate that additional manual checks are performed when 

discrepancies are detected in the system (O1; I2–I4). Such variations can be interpreted as 

deviations from standardized work that reduce process stability (Liker, 2004). 

However, these adjustments are not random but reflect situational judgment. For 

example, warehouse staff reprioritizes picking during periods of high workload and manually 

verifies stock when recorded balances do not match the physical inventory (O1; I2–I4). This 

suggests that variation in routines is not only a source of inefficiency but also enables the 

process to function under changing operational conditions. The process, therefore, relies on 

both standardization and local adjustment. Standardized routines provide structure, while staff 

adaptations help manage stock discrepancies, supplier delays, and workload variation. 

Overall, this indicates that the Best Service system is Lean-oriented in its design but 

only partially Lean in its operational execution. The flow depends on manual adjustments, 

checking, and coordination to remain functional under conditions of uncertainty (Moraros et 

al., 2016; Tucker, 2004). This reflects a tension between the aim of standardized flow and the 

need for adaptive practices in everyday work. This is relevant for RQ1 because it shows how 

routine variation both supports continuity and increases dependence on individual judgment. 

 

5.2 Process flow analysis of the Best Service material flow 

Disruptions in the Best Service flow arise at specific points in the process and affect 

subsequent stages. This section identifies where these disruptions occur and how they spread 

across the flow, using process flow analysis as an analytical lens (Van der Ham et al., 2020). 

The empirical material shows that the Best Service material flow consists of several 

interconnected stages: tag scanning in the departments, picking in the central warehouse, 

internal transport, and delivery and replenishment in the emergency department (O1–O3; 

I2–I7). These stages are linked through handovers, during which information, responsibility, 

and materials are transferred between actors (Van der Ham et al., 2020). Disruptions at these 
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interfaces may propagate downstream, leading to delays, rework, and additional coordination 

efforts. 

A typical disruption can occur when a tag is scanned and transferred to the warehouse, 

but the order cannot be completed as expected due to a stock discrepancy, a rest order, or a 

supplier delay. The delay then affects picking, consolidation, and delivery, while the 

emergency department may only discover the missing item during unpacking. At that point, 

staff must check order boards, contact transport personnel, or search for alternative materials 

(O2; O3; I5–I7). This illustrates how a disruption in one stage can propagate across several 

process interfaces.  

 

5.2.1 Interfaces and information transfer in the material flow 

A key issue concerns the interface between the care department and the transport unit. At this 

stage, department staff signal replenishment needs via physical order tags, which transport 

personnel convert into digital orders (O2; I5–I7). The tag system serves as the primary 

communication mechanism, but it primarily signals demand rather than providing order status 

information in later stages. 

As a result, department staff have limited visibility regarding whether an order has 

been picked, delayed, or partially delivered. This makes it difficult to determine the status of 

materials once they have entered the logistics flow. In practice, staff must rely on additional 

checking and informal communication to reconstruct this information (O2; O3; I5–I7). 

This also indicates limited visibility into prioritization, since order tags communicate 

demand but not urgency. As a result, warehouse operations may process orders sequentially 

rather than based on clinical priority, reducing responsiveness to time-critical needs. 

This interface is therefore important because it determines what information about 

demand, order status, and urgency is visible to downstream actors. This indicates that, in 

relation to RQ1, limited information transfer at the department–transport interface reduces 

flow reliability by making order status unclear and increasing the need for manual 

coordination. 
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5.2.2 Dependencies between process stages 

A second issue concerns dependencies between process stages, particularly between scanning, 

picking, and transport. The focus here is not primarily on information visibility, but on 

temporal and procedural dependencies between stages. Warehouse picking depends on the 

completion of scanning rounds, while delivery depends on picking and staging activities (O1; 

O2; I2–I4). This creates a tightly coupled process with strong dependencies between stages 

(Van der Ham et al., 2020).  

In practice, this means that variations in scanning timing or picking completion may 

directly influence delivery timing. As a result, disruptions are not contained locally but spread 

across the flow, increasing uncertainty and coordination demands. 

A further issue arises at the final interface, where materials are delivered and 

replenished in the emergency department. Observations show that discrepancies are often 

detected only after unpacking or during use, rather than at the point of delivery (O3; I5–I7). 

This delays problem detection and weakens feedback loops between process stages (Tucker & 

Spear, 2006). 

This contributes to RQ1 by showing that delayed feedback reduces flow reliability. 

Disruptions are allowed to propagate across stages before they are identified and addressed. 

 

5.2.3 Parallel flows and process complexity 

Another issue concerns the presence of parallel flows within the logistics system. In addition 

to internally picked materials, certain items are delivered through external suppliers and later 

integrated into the internal flow (O1; O3; I1). This introduces additional coordination 

requirements at points where parallel flows converge (Van der Ham et al., 2020). 

As a result, the material flow is influenced not only by internal processes but also by 

external supply conditions, such as delivery timing and availability. This increases process 

complexity and may reduce predictability, as delays originating outside the system can affect 

internal operations. This demonstrates that, in relation to RQ1, external dependencies 

introduce additional variability and coordination demands, thereby affecting the reliability of 

the overall flow. 

Overall, the process flow analysis shows that disruptions in the Best Service system 

arise primarily at interfaces and from dependencies between stages, rather than from isolated 

tasks. Limited information transfer, weak feedback mechanisms, and tightly coupled stages 
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make the flow sensitive to delays and variations. This contributes to RQ1 by showing that 

flow reliability depends on the extent to which process stages are connected through clear 

information, coordination, and feedback. This suggests that improving flow reliability 

requires interventions at interfaces, particularly regarding traceability, status visibility, and the 

integration of external flows, as further developed in Section 5.5.3. 

 

5.3 Organizational routines and variation in work practices 

While the previous section analyzed process structure, a routines perspective explains how 

work is enacted in practice (Feldman & Pentland, 2003). In the Best Service flow, formal 

routines exist for scanning, picking, transport, and replenishment, but the empirical material 

shows that these routines are adapted in everyday work.  

 

5.3.1 Ostensive and performative dimensions of routines 

The empirical material indicates that the Best Service system is structured around several 

formal routines, including predefined scanning rounds, digital picking procedures, relay 

picking structures, and designated storage locations (O1–O3; I1–I7). These routines provide a 

shared framework that coordinates activities across organizational actors. 

These formal routines define how the process is intended to work, while the empirical 

material shows how they are adapted in practice (Feldman & Pentland, 2003). Warehouse 

staff adjust picking sequences depending on workload or stock availability, and observations 

indicate that additional manual checks are performed when discrepancies occur (O1; I2–I4). 

In the emergency department, staff differ in their level of active monitoring of storage levels 

and in how quickly they place order tags when materials run low (I5–I7). They increase the 

time and effort required to complete tasks, particularly when additional checking or 

coordination is needed. 

At the same time, these adaptations are not random. For example, warehouse staff 

reprioritizes picking during high workload and manually verifies stock when recorded 

balances do not match physical inventory (O1; I2–I4). This suggests that routine variation 

enables the process to function under changing operational conditions, even when formal 

procedures are insufficient. Based on RQ1, this highlights that routine variation both supports 
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continuity and reduces reliability, as outcomes depend on how routines are enacted in 

practice. 

5.3.2 Routine variation and person-dependence 

The empirical findings also show that variation in routines increases person-dependence in the 

material flow. Certain adjustments rely on individual experience and familiarity with the 

system (I2–I4; I5–I7).  

Person-dependence is visible in several situations. Warehouse staff use individual 

judgment when reprioritizing picking under workload pressure, transport personnel differ in 

how actively they follow up on delayed tags, and department staff vary in how early they 

detect shortages and place new order tags (I2–I4; O2; O3; I5–I7). For example, some 

transport personnel actively follow up on delayed tags throughout the day, while others rely 

on the system and only react when problems are reported. 

When routines rely on individual interpretation rather than shared execution, the 

process becomes less predictable (Pentland et al., 2010). This may lead to variation across 

shifts or actors, affecting process consistency. For RQ1, this means that person dependence is 

an important mechanism by which routine variation affects reliability. 

 

5.3.3 Routines as coordination mechanisms 

Routines also play a central role in enabling coordination across organizational units. The 

empirical material shows that the Best Service flow relies on multiple handovers between 

department staff, transport personnel, and warehouse employees (O1–O3; I2–I7). 

These routines allow actors to anticipate how others will perform tasks across the flow 

(Pentland & Feldman, 2005). For example, warehouse staff depend on transport personnel to 

complete scanning rounds before picking begins, while department staff expect deliveries to 

follow the system’s operational rhythm (I2–I4; I5–I7). When routines are consistently 

enacted, they reduce uncertainty and support coordination across the flow. 

However, variations in routine execution may lead to situations that require additional 

coordination. For example, when deliveries are delayed or items are missing, department staff 

must contact transport personnel or verify order status through informal communication 

(I5–I7; O2; O3). These situations arise when the ostensive understanding of the routine does 

not match its performative enactment in practice (Feldman & Pentland, 2003). This shows 
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that routine variation affects not only individual tasks but also coordination across 

organizational interfaces.  

Overall, the routine analysis shows that organizational routines play a dual role in the 

Best Service material flow. Formal routines provide structure and coordination, while 

adaptations enable the system to function under changing conditions. However, these 

adaptations also introduce variability and increase reliance on individual judgment. This 

shows that the process’s reliability and workload are shaped by how routines coordinate work 

across units, but also by where those routines rely on individual discretion. This directly 

addresses RQ1. 

 

5.4 Sociotechnical interactions and traceability challenges 

While previous sections analyzed process structure and routines, this section focuses on how 

technical systems and everyday work practices interact to shape the reliability of flow (Baxter 

& Sommerville, 2011). In the Best Service system, this interaction is particularly evident in 

traceability, where technical limitations require staff to coordinate more. 
 

5.4.1 Technical infrastructure supporting the material flow 

The empirical material shows that the Best Service flow is supported by several technical 

elements, including the tag-based ordering system, the warehouse management system, and 

delivery labels attached to containers (O1–O3; I1–I7). These elements structure the 

communication of information about demand, storage location, and delivery destination 

throughout the flow. 

These systems form the technical infrastructure that supports coordination between 

departments, warehouse staff, and transport personnel. However, their effectiveness depends 

on how well they support actors' information needs in practice (Baxter & Sommerville, 2011). 

 

5.4.2 Traceability limitations and sociotechnical misalignment 

A central issue concerns limited traceability once materials leave the warehouse. Interviewees 

report that delivery labels cannot be searched in the system after dispatch and only indicate 
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the receiving department and storage location (I2–I4; I5–I7). As a result, staff cannot 

determine where materials are located or whether an order has been delayed. 

Three sociotechnical misalignments are particularly important. First, delivery labels 

cannot be searched for once materials leave the warehouse, making it difficult to locate 

delayed containers. Second, order boards and digital systems do not provide shared, real-time 

visibility into status across units. Third, the tag system signals demand but not urgency or 

later delivery status. 

This lack of visibility occurs specifically at the interface between warehouse dispatch 

and delivery, where materials exit the digital system without maintaining traceable status 

information. Consequently, actors lose access to the information needed to track orders across 

subsequent stages of the process. These limitations require actors to reconstruct order status 

through additional coordination, follow-up, and informal communication practices. 

From a sociotechnical perspective, this reflects a misalignment between the system’s 

design and the informational needs of actors (Baxter & Sommerville, 2011). While the 

technical system supports order initiation and processing, it does not provide continuous 

traceability throughout the flow. As a result, coordination increasingly relies on individual 

actors rather than on system support. This explains how traceability limitations create 

uncertainty about material status and increase reliance on manual coordination, which is 

central to answering RQ1. 

 

5.4.3 Hybrid coordination between technical systems and work practices 

A second issue concerns how coordination is achieved through a combination of technical 

systems and human practices. The empirical findings show that the tag-based ordering system 

effectively communicates demand but does not provide visibility into later stages such as 

picking, transport, or partial delivery (O2; I5–I7). 

As a result, staff must supplement the system with informal practices. For example, 

transport personnel use physical order boards to monitor outstanding orders and rely on 

personal judgment to decide whether follow-up is needed (O2; O3). Similarly, department 

staff contacts colleagues to clarify order status when information is unclear. 

From a sociotechnical perspective, this illustrates a hybrid coordination system in 

which technical tools structure parts of the process while human judgment compensates for 

missing information (Clegg, 2000). The empirical material suggests that coordination is 
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achieved partly through the technical system and partly through informal practices carried out 

by staff. When system support is incomplete, actors rely more on informal practices, leading 

to variation in coordination based on individual judgment. As a result, coordination becomes 

less standardized and more dependent on experience, which increases variability in how the 

process is managed. This directly informs RQ1 by showing that reliability depends not only 

on system design, but also on how actors use and supplement technical tools in practice. 

Overall, the sociotechnical analysis shows that traceability challenges in the Best 

Service system arise from a misalignment between technical system design and everyday 

work practices. Limited visibility at key interfaces requires actors to rely on manual 

searching, informal communication, and experience-based judgment to maintain continuity of 

flow. In relation to RQ1, this indicates that flow reliability is shaped by the extent to which 

technical systems support coordination and information needs in practice. When this 

alignment is weak, coordination efforts increase, and disruptions become harder to detect and 

manage. 

 

5.5 Analytical synthesis and implications 

Sections 5.5.1 and 5.5.2 synthesize the ways in which traceability limitations, routine 

variation, and coordination practices shape flow reliability, thereby answering RQ1. Section 

5.5.3 translates these insights into directions for improvement, thereby answering RQ2. 

 

5.5.1 Procedural challenges 

In relation to RQ1, the analysis identifies four interrelated clusters of procedural challenges 

that affect the reliability and efficiency of the Best Service material flow. 

The first cluster concerns fragmented information visibility and limited system 

support. As shown in Sections 5.1 and 5.4, limited traceability, fragmented 

information-system support, and limited visibility into prioritization make it difficult for 

actors to access reliable information on order status, material location, and urgency. This 

increases uncertainty and creates additional coordination work. 

The second cluster concerns reliance on manual coordination and unclear 

responsibility structures. As shown in Sections 5.1 and 5.4, staff compensate for incomplete 

system support by checking, following up, and engaging in informal communication. This 
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makes the flow more dependent on individual actors and increases the risk of 

misunderstandings across organizational interfaces. 

The third cluster concerns variability in routine execution. As shown in Section 5.3, 

routines are adapted differently across actors and situations. These adaptations support 

flexibility, but they also reduce predictability and make the process more dependent on 

individual judgment. 

The fourth cluster concerns structural complexity and weak feedback mechanisms. As 

shown in Section 5.2, delayed detection of disruptions, parallel supply flows, and weak 

follow-up mechanisms allow problems to propagate across stages before they are identified 

and addressed. 

Taken together, these challenges show that flow reliability is shaped by how 

information, coordination, routines, and feedback mechanisms interact across the system. The 

identified challenges, their analytical interpretations, and corresponding improvement 

directions are summarised in Table 4. 

 

5.5.2 Analytical implications 

Taken together, the four theoretical perspectives provide complementary explanations of how 

reliability is shaped within the Best Service material flow. Rather than emerging solely from 

formal process structures or technical system design, reliability emerges through coordination 

practices that compensate for limitations in traceability, system visibility, and routine 

consistency. 

The Lean perspective highlights how searching, coordination, and follow-up activities 

represent additional work required to maintain flow (Womack & Jones, 1997; Tucker, 2004). 

The process flow perspective shows how disruptions emerge at process interfaces and 

propagate through dependencies between stages (Van der Ham et al., 2020). The routines 

perspective explains how variation in routine enactment reproduces coordination challenges 

in everyday work (Feldman & Pentland, 2003). Finally, the sociotechnical perspective 

highlights how limitations in system support shift coordination responsibilities to actors 

(Baxter & Sommerville, 2011). 

Rather than functioning as isolated problems, these conditions are closely 

interconnected. Limited visibility, routine variation, and weak feedback mechanisms reinforce 

disruptions across the material flow and increase reliance on compensatory coordination 
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activities (Tucker & Spear, 2006). As shown in Section 5.1.1, practices such as searching, 

follow-up, informal communication, and manual coordination function as stabilizing 

responses that enable the flow to continue despite operational uncertainty and incomplete 

system visibility. 

The analysis, therefore, answers RQ1 by showing that reliability in internal hospital 

logistics cannot be understood solely as a consequence of formal process structures. Instead, 

reliability emerges through the interaction between technical systems, organizational routines, 

and everyday coordination practices that stabilize incomplete sociotechnical conditions in 

everyday operational practice. 

More broadly, the findings show that activities interpreted as non-value-adding from a 

Lean perspective simultaneously function as mechanisms through which actors maintain 

continuity and operational stability. By combining Lean, process flow, routines, and 

sociotechnical perspectives, the study demonstrates how formally designed logistics systems 

are continuously enacted, adapted, and stabilized through everyday work practices. 

 

5.5.3 Improvement directions 

In relation to RQ2, the findings suggest a set of integrated improvement directions to 

strengthen the reliability and efficiency of the Best Service material flow. Rather than 

addressing isolated issues, these directions target underlying structural and informational 

challenges identified in Table 4, particularly related to system transparency, coordination, 

routine execution, and process alignment.  

To provide a clearer prioritization, the identified improvement directions can be 

grouped into three main areas: (1) improving traceability and shared information visibility, (2) 

strengthening feedback, prioritization, and process control, and (3) clarifying coordination 

structures and cross-unit understanding. Among these areas, three improvements appear 

particularly critical: searchable delivery information, simple prioritization signals, and 

structured feedback when delays or discrepancies occur. The following sections present 

specific directions for improvement within these areas.  

 

5.5.3.1 Improving traceability and shared information visibility 

A first direction for improvement concerns strengthening information transparency and 

system integration throughout the material flow. The analysis shows that limited traceability, 
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fragmented information-system support, and a lack of visibility into prioritization reduce 

actors’ ability to access and interpret relevant information. As a result, staff rely on manual 

searching, follow-up, and informal communication to reconstruct order status. 

From a process flow perspective, this reflects limitations in how information is 

transferred across interfaces (Van der Ham et al., 2020), while from a sociotechnical 

perspective, it indicates a misalignment between system functionality and user needs (Baxter 

& Sommerville, 2011). From a Lean perspective, these gaps lead to non-value-adding 

activities, such as searching and coordination (Womack & Jones, 1997; Tucker, 2004). 

An important improvement is therefore to develop a shared, user-oriented information 

system that enables real-time visibility of order status, searchable delivery information, and 

shared status updates. Such a system could reduce uncertainty, decrease coordination effort, 

and support more informed decision-making across organizational units. At the same time, 

system design must consider usability in practice to avoid introducing new coordination 

burdens.  

Taken together, these improvements aim to reduce uncertainty and coordination effort 

by improving access to relevant information and supporting more consistent decision-making 

across the flow.  

 

5.5.3.2 Strengthening feedback, prioritization, and process control 

A first set of improvements concerns strengthening feedback and process control across 

stages of the flow. As shown in Section 5.2, disruptions are often detected late due to weak 

feedback loops and a lack of verification at process interfaces. This allows errors to propagate 

downstream and increases the need for reactive problem-solving. Introducing clearer 

verification mechanisms at key handover points, particularly at delivery and replenishment 

stages, could enable earlier detection of discrepancies. In addition, establishing a limited set 

of shared target states, such as delivery reliability and response time for deviations, would 

support continuous monitoring and more systematic follow-up. 

A second set of improvements concerns prioritization and planning. The analysis 

shows that order tags convey demand but not urgency, meaning orders are often processed 

sequentially rather than according to clinical priority. Introducing simple prioritization 

signals, such as urgency levels, could improve responsiveness to time-critical needs. In 

parallel, better alignment between planned operational cycles and actual execution is needed. 

This could include clearer communication of delays, more adaptive planning parameters, and 
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stronger feedback on recurring deviations. Together, these measures would improve 

predictability while still allowing flexibility in a complex hospital environment. 

 

5.5.3.3 Clarifying coordination structures and cross-unit understanding 

A first set of improvements concerns the clarification of coordination structures and 

responsibilities across organizational interfaces. The analysis shows that the flow relies 

heavily on manual coordination, an unclear distribution of responsibilities, and limited 

cross-unit understanding. Clarifying responsibilities, particularly regarding storage-room 

monitoring, could reduce role ambiguity and coordination effort. For example, assigning 

greater responsibility for monitoring Best Service storage rooms to the transport unit, while 

maintaining input from department staff, could improve communication with the warehouse 

and reduce the need for clinical staff to perform logistics-related follow-up. 

A second set of improvements concerns strengthening coordination across 

organizational boundaries and parallel flows. The findings show that internal and external 

supply flows introduce additional handling steps and uncertainty at points of convergence. 

Improving information sharing about delivery status and expected arrival times could reduce 

delays and follow-up efforts. In addition, structured cross-unit learning mechanisms, such as 

job shadowing, could strengthen shared understanding of how the flow operates in practice. 

This may reduce misunderstandings, support more aligned routines, and improve coordination 

across interfaces. 

 

5.5.3.4 Summary of improvement directions 

Taken together, the improvement directions indicate that flow reliability depends on 

coordinated changes in information visibility, process control, and cross-unit coordination. 

These areas correspond to the main challenges identified in the analysis and show that 

improvement efforts should target both technical support and organizational coordination.  

These directions should not be understood as separate interventions. They address 

related problems that stem from limited system visibility, fragmented coordination, routine 

variation, and misalignment between planned and actual process conditions. This means that 

improvements should be implemented as a coordinated set of changes rather than as isolated 

measures.  
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Overall, a more reliable material flow requires a balance between standardization and 

flexibility. Reliability also depends on how technical systems support human judgment and 

local coordination practices. The relationship between the identified challenges, underlying 

mechanisms, and proposed improvement directions is summarised in Table 4.  

 

 

Table 4. Summary of procedural challenges, analytical interpretations, and improvement 

directions in the Best Service material flow. Created by the author (2026).  
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6. Conclusion 
 

This chapter concludes the study by addressing the two research questions based on the 

preceding analysis. It summarises the key findings, highlights the study’s contributions, and 

outlines practical implications for improving internal hospital logistics. 

 

 

This study examined how the operational stage of the Best Service material flow functions in 

practice and identified directions for improvement in flow reliability, efficiency, and 

workload. Regarding the first research question, the findings show that flow reliability is 

shaped by the interaction between traceability limitations, routine variation, coordination 

practices, and dependencies between process stages. The findings suggest that reliability in 

internal hospital logistics cannot be understood solely in terms of formal process design or 

technical systems. Instead, reliability emerges through the interaction between technical 

systems, organizational routines, and everyday coordination practices. A central finding is 

that traceability limitations constitute a significant structural constraint within the material 

flow. While the system supports order initiation and processing, it lacks continuous visibility 

throughout the flow, particularly after dispatch from the warehouse. As a result, actors must 

manually reconstruct order status. This requires frontline staff to manage operational 

uncertainty through additional checks, coordination, and follow-up. 

Reliability is therefore shaped through the interaction between formal routines and 

their situational enactment. While these adaptations enable operational continuity, they also 

increase person-dependence by making outcomes contingent on individual judgment and local 

coordination practices. This indicates that dependable flow performance depends not only on 

formal procedures, but also on how routines are enacted in specific situations. 

Coordination practices reveal a hybrid coordination system. Technical tools structure 

parts of the process, while informal practices compensate for remaining gaps in coordination 

and visibility. Combined with strong interdependencies and weak feedback mechanisms, 

disruptions propagate across the flow and are detected late, limiting proactive control. Taken 

together, the findings show that limited visibility, routine variation, and weak feedback 

mechanisms reinforce disruptions across the material flow. Limited traceability increases 

operational uncertainty, which amplifies manual coordination and routine variation. As a 

result, activities such as searching, follow-up, and informal coordination become embedded in 
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the flow as compensatory practices that help stabilize the system despite incomplete visibility 

and delayed feedback. 

Regarding the second research question, the study identifies several interrelated 

directions for improvement that target the underlying structural and informational conditions 

affecting the flow. Strengthening traceability and visibility into shared information is critical, 

but it must be aligned with practical work needs. Improved feedback mechanisms and clearer 

verification procedures at handover points would enable earlier detection of disruptions. 

Introducing simple prioritization signals could enhance responsiveness to urgent needs. In 

addition, clearer coordination structures and responsibilities across organizational interfaces 

would reduce ambiguity and support more consistent execution. 

These improvement directions are interdependent and should be implemented as a 

coordinated set of changes addressing both technical and organizational aspects. This study 

makes two key contributions. First, the study contributes conceptually by showing that 

reliability in internal hospital logistics cannot be understood solely as a consequence of 

formal process structures or technical system design. Instead, reliability emerges through 

compensatory coordination practices that stabilize incomplete sociotechnical systems in 

everyday operational work. Activities interpreted as non-value-adding from a Lean 

perspective simultaneously function as stabilizing mechanisms that sustain continuity under 

conditions of limited visibility and coordination uncertainty. Second, the study contributes 

practically by identifying directions for improvement in traceability, feedback mechanisms, 

prioritization visibility, and coordination structures within internal hospital logistics. 

Improving internal logistics, therefore, requires recognizing reliability as a dynamic 

and practice-based outcome. Reliability cannot be fully designed into the system through 

formal structures alone. Improvement efforts should focus not only on process efficiency, but 

also on strengthening the systems and routines that support visibility, coordination, and 

adaptability in everyday work. Although the findings are specific to the Best Service system 

at Kalmar Hospital, the underlying mechanisms identified in this study are likely to be 

recognizable in other internally embedded hospital logistics systems with similar structural 

conditions. In particular, limited traceability appears to increase reliance on manual 

coordination, while routine variation contributes to person-dependence and operational 

uncertainty. 

The study, therefore, contributes analytically transferable insights into how reliability 

in internal hospital logistics is sustained in practice. The findings suggest that reliable material 

flows depend not only on formal process structures or technical systems but also on the 
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interaction among technical visibility, organizational routines, and everyday coordination 

practices. Internal hospital logistics should therefore be understood as a sociotechnical 

process in which reliability is stabilized through compensatory coordination practices in 

everyday work.  
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Appendix 
 
Appendix A 
Interview Guide, central warehouse and material planning staff (Interview 1).  

 

Introduction 

The interview began with a short introduction explaining the purpose of the study. 

Participants were informed that the interview aimed to understand how the Best Service 

material flow functions in practice. Participation was voluntary, and responses were 

anonymized. 

 

Part 1: Role and responsibilities 

1.​ Can you describe your role within the Best Service system? 

2.​ What responsibilities do you have in relation to internal material supply to hospital 

departments? 

3.​ How long have you worked with the Best Service system?​

 

Part 2: System design and structure 

4.​ Can you describe how the Best Service system is designed to function? 

5.​ What were the main objectives when the system was implemented? 

6.​ How is the material flow organized between the central warehouse, transport unit, and 

care departments? 

7.​ What role does the central warehouse play in ensuring reliable material supply?​

 

Part 3: Planning and coordination 

8.​ How are deliveries planned and scheduled within the system? 

9.​ How are picking orders generated and processed? 

10.​How does the warehouse coordinate with the transport unit and care departments?​

 

Part 4: Information systems and traceability 

11.​What digital systems support the Best Service material flow? 

12.​How is information about deliveries and materials tracked within the system? 
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13.​Are there limitations in the current traceability or information systems?​

 

Part 5: Challenges and improvement opportunities 

14.​From your perspective, what are the main challenges in the Best Service material 

flow? 

15.​Are there stages of the flow where disruptions or delays occur more frequently? 

16.​What improvements could increase reliability or efficiency in the system?​

 

Part 6: Closing question 

17.​Is there anything else you think is important for understanding how the Best Service 

system functions in practice?​
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Appendix B 

Interview Guide, central warehouse staff (Interview 2–4).  

 

Introduction 

Participants were informed that the interview aimed to understand how the Best Service 

material flow is executed in practice at the central warehouse. 

 

Part 1: Role and experience 

1.​ Can you describe your role at the central warehouse? 

2.​ What tasks do you normally perform in relation to Best Service orders? 

3.​ How long have you worked in the warehouse?​

 

Part 2: Picking process 

4.​ Can you describe how a typical picking order is processed? 

5.​ What steps are involved in picking materials for Best Service deliveries? 

6.​ How do you know which items to pick and where they are located?​

 

Part 3: Work routines and practices 

7.​ Are there standard routines that guide how picking tasks should be performed? 

8.​ Do these routines always work as intended in practice? 

9.​ Are there situations where tasks are carried out differently depending on staff or 

circumstances?​

 

Part 4: Coordination and information 

10.​How do you receive information about orders from the transport unit or departments? 

11.​Is it always clear what items need to be picked and delivered? 

12.​Are there situations where additional checks or searches are required?​

 

Part 5: Challenges in the warehouse process 

13.​What challenges do you experience when handling Best Service orders? 

14.​Do stock discrepancies or missing items occur? 

15.​How are such situations usually handled?​
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Part 6: Improvement opportunities 

16.​In your opinion, what could improve the picking process or the material flow? 

17.​Are there tools, systems, or routines that could make the work easier or more reliable? 

 

Part 7: Closing question 

18.​Is there anything else you think is important for understanding how the warehouse 

process works in practice?​
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Appendix C 

Interview Guide, emergency department staff (Interview 5–7).  

 

Introduction 

Participants were informed that the interview focused on how materials are received, handled, 

and replenished at the emergency department as part of the Best Service system. 

 

Part 1: Role and responsibilities 

1.​ Can you describe your role at the emergency department? 

2.​ How are you involved in the handling or ordering of materials? 

3.​ How long have you worked in the department?​

 

Part 2: Ordering process 

4.​ Can you describe how materials are ordered through the Best Service system? 

5.​ How do you know when to reorder materials? 

6.​ How does the tag-based ordering system work in practice?​

 

Part 3: Delivery and replenishment 

7.​ How are deliveries usually received at the emergency department? 

8.​ What happens when materials arrive? 

9.​ Who is responsible for unpacking and replenishing the materials?​

 

Part 4: Coordination and information 

10.​Is it easy to know when deliveries will arrive? 

11.​Is it possible to track where ordered materials are in the process? 

12.​What happens if an ordered item is missing or delayed?​

 

Part 5: Challenges in the material flow 

13.​From your perspective, what are the main challenges in the Best Service deliveries? 

14.​Are there situations where materials are difficult to locate or arrive late? 

15.​How do such situations affect daily work in the department?​

 

Part 6: Improvement opportunities 
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16.​What improvements could make the material supply more reliable? 

17.​Are there changes that could reduce the need for manual coordination or checking?​

 

Part 7: Closing question 

18.​Is there anything else you think is important for understanding how the material flow 

works from the department’s perspective? 
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