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of the Product Development Project Team 

 

Takamasa Ikeda 
 

Abstract 

This doctoral thesis, “Technology Development of a Transfer Plate for Mass 

Spectrometry Imaging Based on a platinum-coated Glass Bead Porous Structure and 

Multi-Perspective Internal Observation of the Product Development Project Team 

addresses two main themes: 

(1) Development and applications of transfer plates for mass spectrometry imaging (MSI) 

(2) Analysis of management practices in the transfer plate product development process 

This thesis consists of five chapters: introduction (Chapter 1), fundamental 

validation of the transfer plate (Chapter 2), proposal of advanced application methods 

aimed at improving analytical sensitivity (Chapter 3), multi-perspective internal 

observation of the project team (Chapter 4), and conclusions (Chapter 5). 

MSI is an imaging technique that enables the simultaneous visualization of the 

spatial distribution of multiple molecular species by leveraging the high sensitivity 

inherent to mass spectrometry. It has produced numerous achievements, particularly in 

pharmaceutical research, including biomarker identification and the elucidation of 

pharmacological mechanisms. Currently, the most widely applied MSI technique is 

matrix-assisted laser desorption/ionization (MALDI). However, MALDI-MSI requires 

technically demanding sample preparation procedures, notably thin sectioning and matrix 

applications. In particular, thin sectioning severely restricts the range of samples that can 

be analyzed. If an alternative approach to thin sectioning becomes available, the barriers 

to MSI adoption will be significantly reduced, enabling the technique to be applied to its 

full potential across diverse fields. Of previously reported alternatives, methods based on 

sample “transfer” have been validated for viability and efficacy. However, few media 

have been developed specifically for transfer, and none have found commercial 

applications. “DIUTHAME,” an MSI sample preparation technology commercialized by 
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the author’s affiliated company, is also unsuitable for transfer and does not serve as a 

replacement for thin sectioning. To address this deficit, the present study initiated the 

development and commercialization of a transfer-dedicated medium, referred to as a 

transfer plate. 

A porous glass bead substrate coated with a platinum thin film was developed as 

a transfer plate. The fundamental validation of this technology is presented in Chapter 2. 

For a transfer medium to find viable application, it must not only exhibit the capability to 

withstand the physical act of transfer, but also be compatible with time-of-flight mass 

spectrometer (TOFMS), which is commonly used in MALDI-MSI. The robustness and 

water-absorption characteristics of the porous glass bead structure enabled the transfer of 

a wide variety of samples. In addition, the platinum thin film simultaneously imparted the 

electrical conductivity required for TOFMS measurements and enabled matrix-free laser 

desorption/ionization. Consequently, the conventional MALDI-MSI sample preparation 

steps for thin sectioning and matrix application can be consolidated into a single transfer 

step when using a transfer plate. As proof of principle, additive stains formed on 

polyethylene terephthalate films and cross sections of strawberries were selected as 

representative dry and wet samples, respectively. MSI measurements following transfer 

successfully yielded clear spatial distributions of the additive components and strawberry 

metabolites, demonstrating that thin-section- and matrix-free MSI sample preparation can 

be achieved using the transfer plate. 

In addition, application methods that combine a transfer plate with matrix 

deposition techniques are demonstrated experimentally in Chapter 3. The measurement 

approach described in Chapter 2 may be insufficient for certain objectives such as the 

direct detection of molecular species that are prone to fragmentation. Conventional 

MALDI, which presupposes the use of organic matrices, involves a wide range of 

established measurement protocols. If these protocols can be combined with a transfer 

plate, the existing knowledge can be extrapolated to thin-section-free MSI. Indeed, when 

the MSI of strawberry metabolites was performed using a combination of transfer plate 

and matrix applications, glycosylated molecules that were not detected using the transfer 

plate alone were successfully observed without fragmentation. Furthermore, the matrix 

application did not cause analyte delocalization or degradation of spatial resolution. These 

results demonstrate that the transfer plate can be effectively combined with additional 

processing steps such as matrix applications. 

Following the technological development of the transfer plate, this study also 

analyzes the practical knowledge and motivational transitions that emerged within the 

product development project through a novel observational method called multi-
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perspective internal observation. This method refers to internal observations made by 

members of a team and is based on group discussions. When applied to the project team, 

including the author, the analysis revealed how the team evolved through the acquisition 

of practical knowledge essential for product development such as communication 

practices and accelerated trial-and-error cycles. Simultaneously, the act of observation 

functioned as a motivational management practice that engaged all team members. The 

multi-perspective internal observation method proposed in this study is applicable not 

only to the present project but also to qualitative research on a wide range of team-based 

activities. 

The technological developments of transfer plates in Chapters 2 and 3 present 

new applications for laser-based mass spectrometry techniques and aim to contribute to 

the further advancement of photonics and their societal impact. In addition, the extraction 

of practical knowledge and analysis of motivational effects through multi-perspective 

internal observation presented in Chapter 4 proposes a novel qualitative research model 

in management studies that can be applied to various product development settings. 

Furthermore, the process of commercializing transfer plate technology and initiating a 

business represents a practical endeavor toward the creation of new industries. 
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（In Japanese） 

質量分析イメージング用途の 

Pt 薄膜―ガラスビーズ多孔体＝転写プレートの技術開拓 

およびその製品開発プロジェクトチームの多角的内部観測 

 

池田 貴将 

 

要旨 

本博士論文は、質量分析イメージング（mass spectrometry imaging, MSI）の前処理を簡

便にする技術「転写プレート」の開拓、その製品開発プロジェクトチームの「多角的内部

観測」、以上二つを主題とする。論文は、序論（第一章）、転写プレートの基礎技術実証

（第二章）、感度向上に向けた応用提案（第三章）、プロジェクトチームの多角的内部観

測（第四章）、結論（第五章）から構成される。 

MSI は、質量分析法の高感度特性を生かしながら、異なる分子種の局在を一度に得られ

るイメージング技術で、バイオマーカーの特定や薬理作用の解明など医薬分野を中心に多

くの成果をもたらしている。現在の代表的な MSI 手法は、マトリックス支援レーザー脱離

イオン化（matrix-assisted laser desorption/ionization, MALDI）である。ただし、MALDI-

MSI の測定には高度な試料前処理、薄切とマトリックス塗布を必要とする。とりわけ薄切

作業は、測定可能なサンプルを強く制限している。薄切に代わるアプローチがあれば、

MSI の導入障壁は下がり、様々な分野でその威力を発揮することができる。中でも、サン

プルを「転写」する手法は、現実的な代替案の一つとしてこれまでも報告されてきた。し

かし、転写専用に開発された媒体は限られ、また商業的にも確立されていない。筆者の所

属する企業が製品化した MSI 用前処理技術である「DIUTHAME」も、転写には適さず薄

切を代替するものではなかった。こうした背景から、転写専用の媒体「転写プレート」の

新規開発とその製品化に筆者が着手したことが、本研究の経緯である。 

本研究では、白金薄膜を最表面に付したガラスビーズ多孔体を転写プレートとして新た

に開発した。その基礎的な原理実証について第二章に記載した。実用的な転写媒体である

ためには、転写行為に耐えうることに加え、MALDI-MSI で一般的な飛行時間型質量分析

計（time-of-flight mass spectrometer, TOFMS）にも適合する必要がある。ガラスビーズ多

孔体のもつ堅牢性および吸水性などの特徴は、様々なサンプルの転写を可能にし、白金薄

膜は、TOFMS で求められる試料の導電性付与と、マトリックスを必要としないレーザー

脱離イオン化（matrix-free LDI）を同時に実現する。すなわち、MALDI-MSI での薄切お

よびマトリックス塗布という前処理は、転写プレートを用いた MSI では転写のみに集約さ
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れる。この原理実証において、PET フィルム上に形成した添加剤のシミを乾燥サンプル、

イチゴの割断面を湿潤サンプルとして選定し、異なるサンプル特性に対する実用性を評価

した。その結果、添加剤成分およびイチゴ代謝物いずれの局在情報も明瞭に得ることに成

功し、転写プレートがサンプルの湿潤状態を問わず適用できることを実証した。 

また、転写プレートとマトリックス塗布技術を組合せた応用手法についても実証し、第

三章に記した。第二章に示した測定方法は幅広い目的で使用できるものの、断片化しやす

い分子をそのまま検出するなど、特定の目的では不十分な場合もある。有機マトリックス

塗布を前提とする従来の MALDI は、様々な測定プロトコルが既に開発されており、これ

らを転写プレートと組み合わせることができれば、従来の知見を薄切不要の MSI に生かす

ことができる。実際に、イチゴ代謝物の MSI で転写プレートとマトリックス塗布とを併用

したところ、転写プレートのみでは検出されなかった配糖体の分子が断片化することなく

検出され、加えて空間分解能にも大きな変化はなかった。したがって、転写プレートはマ

トリックス塗布のような追加処理と組合せられることが実証された。 

上記の技術開発に加え、第四章では「多角的内部観測」という新たな観測手法により、

製品開発プロジェクトで生じた実践知や動機づけの変遷を経営学的に分析した。多角的内

部観測とは、チームメンバーによる所属チームの内部観測を意味し、グループディスカッ

ションをベースとした分析手法である。この手法を、筆者を含むプロジェクトチームに適

用したところ、製品開発に不可欠な実践知（コミュニケーション、試行サイクルの加速）

を獲得しチームが変遷する過程が見出された。また、この観測行為自体が、チーム全員を

動機づけるマネジメント手法として機能したことも同時に示された。本研究で提案する多

角的内部観測とその具体的なアプローチは、本プロジェクトのみならず様々なチーム活動

の質的研究に応用可能である。 

第二章および第三章での転写プレートの技術開発は、レーザーを用いた質量分析技術に

新たな応用を提示するもので、光技術の更なる発展と社会貢献を企図している。加えて、

第四章での多角的内部観測による実践知の抽出過程および動機づけ作用は、様々な製品開

発現場に応用できる経営学的な質的研究モデルを新たに提示した。なお、転写プレートの

技術を製品化してビジネスを開始する過程は新事業創成を目指した実践そのものである。 
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1.1 Mass Spectrometry Imaging 

Mass spectrometry (MS) has evolved as a foundational analytical technology that 

combines exceptional selectivity based on the mass-to-charge ratio (m/z) of molecular 

species with high detection sensitivity, enabling the simultaneous analysis of numerous 

components within complex samples.1 Its application areas are extensive, encompassing 

proteomics and metabolomics, which aim to comprehensively characterize endogenous 

proteins and metabolites, as well as pharmacokinetics, pathology, materials science, and 

environmental sciences. Over the past decade, systematic advancements in 

instrumentation, measurement methodologies, and data analysis have resulted in higher 

speeds, greater resolving power, and improved specificity across the MS ecosystem.  

Mass spectrometry imaging (MSI) has emerged as a technique that preserves the 

intrinsic advantages of MS, while enabling label-free and multiplexed visualization of 

molecular distributions through the spatial reconstruction of spectra acquired on a pixel-

by-pixel basis (Figure 1.1).2,3 MSI provides localization information that is typically lost 

during conventional sample extraction processes, thereby offering unique analytical 

value. MSI has found application in a wide range of fields, including clinical pathology, 

drug research, plant biology, food science, and materials science.4–12 By enabling the 

spatial mapping of metabolites, lipids, peptides, and proteins, and characterization of their 

microenvironmental heterogeneity, MSI has increasingly positioned itself as a key 

platform for spatial multi-omics.4 

 

 

Figure 1.1. General overview of MSI (MALDI as an example). A matrix-coated sample 

on a conductive surface is irradiated with a laser to generate ions. Mass spectra are 

acquired at each (x, y) coordinate. A peak of interest (m/z) is selected from the spectra, 

and its intensity distribution is visualized as an ion image. 

 

Matrix-assisted laser desorption/ionization (MALDI) remains the predominant 

ionization method for MSI (Figure 1.2A), and its combination with time-of-flight mass 
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spectrometer (TOFMS) offers practical advantages, including robust instrumentation, 

broad m/z coverage, high spatial resolution, and fast pixel throughput. MALDI-MSI, 

which emerged at least as early as 1997, is one of the earliest MSI modalities applicable 

to organic molecules.13 Nearly three decades of refinement efforts account for the 

evolution of the technique into its present form. Regarding throughput, continuous 

scanning, in which the sample is moved continuously while being irradiated by the laser, 

has enabled acquisition rates exceeding 100 pixels per second.14 The recent development 

of laser post-ionization—commonly referred to as MALDI-2—has greatly improved 

sensitivity and molecular coverage, particularly for lipids, small molecules, and 

pharmaceuticals, with reports of up to two orders of magnitude signal enhancement.15,16 

MALDI-2 also helps overcome the typical trade-off between spatial resolution and 

molecular coverage by improving the signal-to-noise ratio at increasingly finer pixel 

sizes. The practical spatial resolution of MALDI-TOFMS is determined by both the laser 

spot size and the obtainable ion yield, and typical laser diameters of 10–50 μm remain 

widely used. Because many MSI applications require comparison with histologically 

stained images, achieving subcellular resolution has become a major technological 

objective, prompting efforts such as transmission-mode MALDI that achieves focal 

diameters on the order of 1 μm.17,18 Moreover, integration with trapped ion mobility 

spectrometry (TIMS) has introduced an additional modality capable of separating 

isomeric species and improving identification confidence.19 

In parallel, the rapid progress in other ionization and detection platforms has 

expanded the methodological landscape of MSI. Desorption electrospray ionization 

(DESI), an ambient-pressure technique based on electrospray ionization, has emerged as 

a widely used modality (Figure 1.2B).20 Coupling DESI with triple-quadrupole mass 

spectrometry enables targeted imaging in multiple reaction monitoring (MRM) mode, 

offering high specificity and sensitivity for drug molecules and low-abundance 

metabolites.21,22 In the field of elemental and isotopic imaging, laser ablation–inductively 

coupled plasma mass spectrometry (LA-ICP-MS) has advanced significantly, offering 

exceptionally high sensitivity for the spatial mapping of trace metals in biological tissues 

(Figure 1.2C).23 Time-of-flight secondary ion mass spectrometry (TOF-SIMS), originally 

developed for surface analysis, offers submicron spatial resolution and high surface 

sensitivity (Figure 1.2D). Recent developments in gas-cluster primary ion beams have 

enabled softer ionization, expanding the detectable chemical classes beyond elemental 

and small-molecule fragments.24 
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Figure 1.2. Schematic illustrations of representative ionization techniques used in MSI: 

(A) MALDI, (B) DESI, (C) LA-ICP-MS, and (D) TOF-SIMS. 

 

In addition to ionization methods and instrumental technologies, sample 

preparation for MSI is a critical factor that strongly influences data quality, including 

signal intensity and spatial resolution. For MALDI-MSI, the two essential preparation 

steps are thin sectioning and matrix application (Figure 1.3).25–28 Thin sectioning involves 

cutting a sample into slices that are typically several to tens of micrometers thick. Paraffin 

embedding and formalin fixation are commonly used for histological tissue staining. 

However, in MSI, these treatments are avoided to preserve the native molecular 

composition, and the samples are cryosectioned in a frozen state. The ease of sectioning 

frozen samples depends on the hardness and fragility of the materials. Mammalian tissues, 

which are relatively easy to section, have been widely investigated for MSI applications. 

In contrast, plant tissues and polymeric materials are often fragile or mechanically hard, 

making them difficult to thin-section. Therefore, MSI studies on these samples remain 

limited despite increasing recent interest. Several approaches have been proposed to 

overcome these limitations. One strategy involves reducing the difficulty of thin 

sectioning by using supporting materials such as adhesive tapes during sectioning.29 In 

another strategy, thin sectioning is eliminated entirely. Among these approaches, transfer 

sampling has been used in applications where sectioning is particularly challenging. In 

this method, the sample is brought in direct contact with an appropriate transfer medium, 

allowing the analyte to migrate onto the medium. Transfer sampling and the selection of 

suitable transfer media are central to this study, and relevant prior technologies are 

discussed in detail in the following section. 
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Figure 1.3. Schematic illustration of conventional sample preparation procedures for 

MALDI-MSI: (A) thin-sectioning of a biological sample using a cryomicrotome and (B) 

matrix application to the sample surface by spray coating. 

 

Matrix application is an essential step when MALDI is used as the ionization 

method, involving the two-dimensional deposition of an appropriate matrix compound 

onto a thin-sectioned sample. Various approaches have been developed for this purpose, 

including the spray and vacuum deposition methods. Similar to thin sectioning, matrix 

applications require specialized knowledge and technical expertise with numerous 

considerations, such as selecting a suitable matrix and optimizing the conditions for 

uniform deposition. Recently, dedicated instruments for matrix applications have become 

widely available. Guidelines for controlling particle size, crystallinity, and film thickness 

have also been established. These parameters are important when choosing between 

spray-based and deposition approaches.30,31 Advances in reactive matrices and on-tissue 

derivatization for small-molecule analysis have further improved isomer differentiation 

and the detection of acidic functional groups.32,33 In addition, combining MALDI with 

immunohistochemistry (MALDI-IHC) allows protein-level imaging by detecting mass-

tag–labeled antibodies bound to specific targets.34 In parallel, matrix-free ionization 

strategies, such as surface-assisted laser desorption/ionization (SALDI), have also been 

explored, employing silicon nanostructures, metal nanoparticles, and other substrates.35–

37 SALDI and MALDI generally deliver different modalities, and their optimal fields of 

analysis vary.35 Because SALDI, like MALDI, uses laser-based desorption/ionization, it 

can be implemented on MALDI-TOFMS instruments, which provides an advantage over 

other MSI approaches, such as DESI or TOF-SIMS, both of which require dedicated 

instrumentation. 

This section provides an overview of the technical aspects and recent trends 

related to MSI. Since its emergence in the late twentieth century, MSI has remained a 
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relatively nascent analytical technique within the broader field of mass spectrometry and 

continues to undergo rapid technological innovation. Moreover, applications once 

considered distant from MSI are now increasingly exploring its implementation. Both 

technological advances and the expansion of application areas are expected to continue 

driving the growth of MSI in the years ahead. 

 

1.2 Previous Studies on Transfer Media for MSI 

This section focuses on the transfer method as an alternative to conventional thin-

sectioning sample preparation for MSI. Here, the term “transfer” refers broadly to 

approaches that have also been described in the literature as imprinting, blotting, or 

stamping. These processes entail transferring the target chemical constituents from the 

sample surface to another medium, indicating that high-quality thin sections are not 

required (Figure 1.4). Consequently, transfer-based approaches are particularly useful for 

samples that are difficult to section and have therefore been explored mainly in 

applications involving plant samples (e.g. leaves), as well as human skin. Transfer media 

can broadly be classified into two categories. One category consists of media intended 

primarily for sampling and not designed to contribute to the ionization process, whereas 

the other comprises media that serve dual functions, enabling both sampling and 

ionization. Representative examples from each category are presented below. 

 

 

Figure 1.4. Schematic illustration of the transfer-based sample introduction process. The 

sample (e.g., plant tissue or fruit) is pressed onto the transfer plate (left), allowing 

molecular components to be transferred onto the plate surface. After the removal of the 

original sample (right), transferred molecules remain on the plate and can be subjected 

directly to mass spectrometry imaging, while the bulk tissue sample itself is no longer 

required for analysis. 
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Transfer media, whose primary function is sampling, do not possess an intrinsic 

ionization capability, and therefore must be used in conjunction with an external 

ionization technique, such as MALDI or DESI. To enable effective sampling, various 

porous materials capable of absorbing and retaining analytes have been investigated. 

Porous polytetrafluoroethylene (PTFE) is a typical example and its use in combination 

with MALDI38,39 and DESI40–43 has been reported. TLC plates have also been used as 

sampling and transfer media, in combination with MALDI44–46 and DESI47,48. These 

materials are chemically stable and readily available, making them convenient candidates 

for exploratory use as transfer media. In MALDI-based approaches, transfer to other 

media, such as cellulose membranes13,49,50, resin particles13, and porous alumina51, has 

also been reported. In addition, a method known as TLC-Blot has been proposed, in which 

components separated on a TLC plate are transferred onto a polyvinylidene difluoride 

(PVDF) membrane for measuring the TLC-separated components with higher sensitivity 

using MSI52–54. When MALDI is employed, particularly for introduction into MALDI-

TOFMS, the electrical conductivity of the sample surface must be considered. 

Accordingly, practical measures such as using sufficiently thin media or applying 

conductive coatings are required to avoid issues during measurement. In contrast, in 

DESI, non-conductive media are often more suitable; thus, conductivity-related 

considerations required for MALDI measurements are unnecessary. Accordingly, DESI-

based approaches have explored other transfer media, such as tape strips55 and oil-

absorbing films56,57. Most of the transfer media described above were not originally 

designed for MSI but have been applied as transfer media for the technique. 

The other category, defined as media that possess both sampling and ionization 

functions, is intended to refer to cases in which SALDI substrates are employed as transfer 

media. Some of these substrates were specifically designed for SALDI, and in certain 

cases were developed with their potential use in transfer-based MSI explicitly in mind. 

Both transfer-based methods and SALDI typically require dedicated media (e.g., transfer 

substrates or engineered surfaces). Accordingly, several MSI approaches combining 

transfer methods with SALDI substrates have been reported. In these approaches, the 

transfer media induces a SALDI effect, thereby eliminating the need for matrix 

applications and allowing direct introduction into MALDI-TOFMS. Although transfer-

based approaches are often discussed as alternatives to thin sectioning, there are also 

reports in which thin tissue sections are intentionally transferred onto SALDI substrates 

to exploit the ionization characteristics inherent to SALDI that differ from those of 

MALDI. Representative SALDI substrates based on silicon nanostructures, such as 

porous silicon58–63 and silicon nanowires64–69, have been widely used as transfer media 
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for MSI. Because these silicon-based substrates possess fine nanostructures and are 

relatively fragile, they have mainly been used in gentle transfer approaches for soft 

biological samples such as tissue sections or fingerprints. By contrast, there have also 

been reports of flower petals being transferred onto titanium oxide (TiO₂) nanowire–

structured SALDI substrates70. In addition, transfer onto SALDI substrates loaded with 

metal (e.g., Au and Ag) nanoparticles (NPs) has also been reported. The supporting media 

for such nanoparticles vary widely, including MALDI target plates71–80, filter paper81,82, 

and TiO₂ nanostructures83–87, and can be designed to withstand the transfer of plant 

samples such as leaves. Compared with silicon nanostructured SALDI substrates, the 

metal nanoparticle–loaded media described above are more practical as transfer-based 

SALDI media capable of replacing thin sectioning. Furthermore, attempts have been 

made to perform transfers using SALDI media coated with metal nanolayers. 

Representative examples include porous silicon coated with Ag88, porous alumina coated 

with Pt89 (DIUTHAME), and black silicon coated with Au90. Table 1.1 provides an 

overview of the SALDI substrates reported as transfer media for MSI, while Figure 1.5 

illustrates representative examples of transfer-based approaches in MSI employing 

SALDI substrates for ionization. 
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Table 1.1.  SALDI substrates reported as transfer media for MSI and their applications. 

Category SALDI substrates Application Ref. 

Nanostructure-based substrates Porous Si Tissue / Fingerprint 58-63 

 Si nanowires Tissue 64–69 

 TiO₂ nanowires Plant 70 

Metal nanoparticles (NPs)-loaded substrates Au/AgNPs on MALDI target plate Tissue / Fingerprint/ Plant 71-80 

 AuNP-immersed filter paper Plant 81, 82 

 AuNPs in TiO₂ nanostructures Tissue / Plant 83–87 

Metal nanolayer-coated substrates Ag nanolayer on porous Si  Tissue / Fingerprint 88 

 Pt nanolayer on porous alumina Plant 89 

 Au nanolayer on black Si Tissue / Fingerprint 90 
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Figure 1.5. Examples of transfer-based approaches in MSI using SALDI substrates. (A) 

Transfer of tissue sections onto surface-engineered porous silicon substrates, followed by 

SALDI-MSI analysis after section removal. (Reprinted with permission from Ref. 60. 

Copyright 2012, American Chemical Society.) (B) Schematic illustration of SALDI-MSI 

using a hydrophobic polydopamine (hPDA)-modified TiO₂ nanotube (TDNT) substrate 

coated with plasmonic gold nanoparticles (AuNP–hPDA–TDNT), demonstrating 

simultaneous detection of analytes in positive and negative ion modes and the acquisition 

of ion images from transferred plant samples. (Reprinted with permission from Ref. 85. 

Copyright 2012, Tsinghua University Press.) (C) Transfer of a fingerprint onto a porous 

silicon substrate coated with a silver nanolayer, enabling SALDI-MSI of fingerprint 

components. (Reprinted with permission from Ref. 88. Copyright 2015, American 

Chemical Society.) 
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As described above, transfer-based approaches to MSI have been extensively 

developed as alternative sample preparation methods for conventional thin sectioning. In 

particular, approaches employing SALDI substrates that combine sampling and 

ionization functions have demonstrated effectiveness in simplifying sample preparation 

and enabling the detection of low-molecular-weight regions (m/z < 500). However, most 

existing transfer media were not originally designed for transfer in MSI; rather, they were 

developed either for purposes unrelated to MSI or primarily to exploit SALDI effects, 

and only a limited number were designed with transfer in mind. In addition, many of these 

media are not commercially available, and their use often requires fabrication of the 

media themselves and sample preparation on the media side. Furthermore, when factors 

such as the fragility of media materials and fabrication costs are considered, significant 

challenges remain from the perspective of practical implementation of MSI using 

transfer-based approaches. In light of these considerations, there is strong motivation to 

develop and generalize transfer media specifically designed for MSI that are based on 

transfer as a fundamental concept and are capable of exploiting SALDI characteristics. 

This doctoral study was conducted to address these challenges. In the following section, 

an important technology underlying this work, Desorption Ionization Using Through-

Hole Alumina Membrane (DIUTHAME), is described in detail. 

 

1.3 DIUTHAME (Desorption Ionization Using 

Through-Hole Alumina Membrane) 

Here, Desorption Ionization Using Through-Hole Alumina Membrane (DIUTHAME), 

one of SALDI technologies that is particularly important for the background and 

development of this doctoral research, is described. DIUTHAME was conceived at the 

Graduate School for the Creation of New Photonics Industries (GPI) in the cooperation 

of Hamamatsu Photonics K.K. (HPK).91 It was subsequently validated through 

collaborative studies conducted by these two organizations together with the National 

Institute of Advanced Industrial Science and Technology (AIST) and Nagoya 

University.92,93 DIUTHAME is a matrix-free ionization method that employs an anodic 

porous alumina membrane (APAM) featuring a highly ordered array of straight, 

submicron through-holes. APAMs fabricated via electrochemical anodization can be 

produced uniformly over a large area, typically exhibiting a pore diameter of 



12 

 

approximately 200 nm, a porosity of around 50%, and a membrane thickness of roughly 

5 µm (Figure 1.6). 

 

 

Figure 1.6. (A) An example of the through hole porous alumina membranes observed by 

scanning electron microscopy (SEM). The scale bar indicates 1 μm. Schematic view (B), 

and photograph (C), of the DIUTHAME chip in its final form. (Reprinted from Ref. 91. 

Copyright 2018 The Authors Rapid Communications in Mass Spectrometry Published by 

John Wiley & Sons Ltd..) 

 

The subsequent deposition of platinum onto the laser-irradiated (front) surface 

generated platinum-coated APAM (Pt-APAM), which functioned as an effective SALDI 

substrate. Although the precise mechanism of ionization enhancement remains unclear, it 

is presumed that the synergistic interaction between the regular nanostructure of APAM 

and the platinum film promotes efficient desorption/ionization through photothermal 

conversion and charge-transfer processes. Pt-APAM inherently eliminates matrix-

derived background peaks in the low-m/z region and avoids the heterogeneous co-

crystallization processes that give rise to the so-called “sweet spot” effect. When applied 

to MSI, DIUTHAME facilitates the visualization of low-mass analytes and reduces pixel-

to-pixel variability in terms of both signal intensity and mass accuracy. Several 

applications of DIUTHAME have been reported, particularly those highlighting its 

stability as an ionization method and utility in MSI.89,94–97 

The DIUTHAME protocol for MSI and its underlying mechanisms are described 

herein. The tissue sections were prepared in a cryostat and mounted onto a conductive 

glass slide. A Pt-APAM was then placed on top of the section with its back in contact 

with the tissue. When the assembly was removed from the cryostat and allowed to return 

to room temperature, the sample components migrated from the back to the front of the 

membrane via through-holes via capillary action. Once the sample was introduced into 
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the MALDI-TOFMS, the laser irradiated the sample components that had permeated the 

front surface of the membrane, enabling their detection as ions. As a result, DIUTHAME 

can intrinsically achieve a high spatial resolution, which is one of its principal advantages.  

Additionally, an initial report demonstrated that DIUTHAME is fully compatible with 

commercial MALDI-TOFMS instruments and requires no hardware modifications. 

Sample preparation is also straightforward, consisting simply of placing a prefabricated 

Pt-APAM onto the section, and the method inherently avoids fluctuations associated with 

matrix deposition, thereby improving reproducibility. The effects of APAM 

nanostructural parameters such as pore diameter, pitch, porosity, and membrane thickness 

on the sensitivity and spatial response have been clarified through systematic 

investigations in recent years.98,99 

Pt-APAM was subsequently commercialized by HPK and marketed under the 

product name “DIUTHAME.” This development eventually led to the mass spectrometry 

imaging “transfer plate,” which is the central subject of this thesis. The following section 

explains how the challenges associated with DIUTHAME motivated the development of 

the transfer plate and ultimately led to the this doctoral research. (hereafter, DIUTHAME 

as a SALDI method and “DIUTHAME” as a commercial product are distinguished by 

the presence or absence of quotation marks.) 

 

1.4 Background to Transfer Plate Development and  

Doctoral Research 

“DIUTHAME” was launched in 2018 by HPK following evaluations of the 

manufacturing framework and mass-production feasibility. At the time of its release, the 

MSI user community sought both a higher spatial resolution and simplified sample 

preparation protocols. “DIUTHAME” was recognized as one approach that could address 

these needs and therefore saw rapid uptake for evaluation, particularly among research 

institutions.  

During this period, extensive feedback was obtained from users who employed 

this method in practice. While the anticipated benefits were largely realized, several 

issues were identified. The fragility of the APAM substrate and the resulting limitations 

on how and where it can be used are among the most frequently raised concerns. The 

APAM used in DIUTHAME is a fragile material with a thickness of only about 5 µm, 

making it highly susceptible to breakage if mishandled. Although a thicker, mechanically 

reinforced version was released later, this inherent fragility could not be fully eliminated. 



14 

 

In addition, some researchers have attempted to apply DIUTHAME as a medium for 

transfer-based sampling, although it was originally designed for frozen tissue sections. 

Several attempts resulted in membrane breakage. Based on user feedback, the 

DIUTHAME business team identified these issues as customer challenges, leading to the 

emergence of a new development objective: the creation of an ionization-assisting 

substrate with the rigidity and durability required for transfer sampling. 

As an HPK employee, the author had been involved in improving the 

performance of “DIUTHAME” since its initial commercialization and began working on 

the above development objective around 2020. The first step was to examine materials 

traditionally used for transfer-based sampling. However, most of these materials are 

unsuitable for commercialization, leading to the decision to design a more practical 

transfer medium from the ground up. After prototyping various candidates, a porous glass 

bead substrate was proposed as a medium offering both sufficient functionality and high 

scalability for mass production. Consequently, the author became the primary lead of a 

product development project in 2021 to create an ionization-assisted substrate based on 

this porous glass bead structure. Notably, this is the author’s first experience leading a 

product development project. 

The design concept of the transfer plate fundamentally differs from that of 

DIUTHAME because the transfer plate was conceived specifically for transfer-based 

sampling. DIUTHAME was designed for thin-sectioned samples, which is the standard 

sample preparation method for MSI; therefore, it targeted users already experienced with 

MSI workflows. In contrast, the transfer plate was expected to serve not only users 

unfamiliar with MSI sample preparation, but also applications that had been avoided 

because of the difficulties associated with cryosectioning. Therefore, the transfer plate 

required a business strategy distinct from that of DIUTHAME. However, the 

DIUTHAME business team did not have sufficient knowledge or experience in this area, 

and the author recognized the need to strengthen his expertise in the areas of project 

leadership and business strategy development. Accordingly, in 2022, the author enrolled 

in GPI–—an institution known for supporting business creation–—on a temporary 

transfer from the affiliated company, enabling full-time engagement with the project. It 

was under these circumstances that the present doctoral research was undertaken. 
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1.5 Objectives of This Thesis 

➢ Major Theme 

To acquire practical academic knowledge in both technology and management, 

through the practical product development process of the transfer plate, for the 

creation of new photonics industries. 

➢ Technical Research Objective 

To demonstrate the technological principles of the transfer plate for MSI and to 

verify its application methods. 

➢ Managerial Research Objective 

To analyze the management of the product development team and thereby 

elucidate the practical methodologies and motivational processes involved. 

 

As described in Section 1.1, MSI is a photonics-based technology that relies on 

laser desorption/ionization and contributes to a wide range of industrial fields. With 

recent technological advances such as MALDI-2 and LA-ICP-MS, the importance of 

photonics-based technologies in MSI has continued to increase. Transfer plates aimed at 

expanding MSI applications have the potential to further broaden the scope of photonics 

applications while simultaneously revealing new challenges in MSI. Such challenges are 

expected to be addressed through advances in mass spectrometry instrumentation and 

sample preparation technologies, thereby providing to new opportunities for the 

application of photonics technologies. In this context, the development of a transfer plate 

as a new product for MSI represents an instance of photonics-driven industrial creation, 

that is, the creation of new photonics industries. Both the technological development of 

the transfer plate and the author’s leadership of the product development team constitute 

practical new-business development activities, and the outcomes of these activities form 

the core subjects of this study. Thus, the objectives and outcomes of this study align with 

the diploma policy for Ph.D. degree at GPI. 

 

1.6 Scope of Chapters 

In accordance with the objectives described above, this thesis is organized into three 

major components of practical business development activities. (1) proof of concept for 

the transfer plate, (2) demonstration of its applications through the combination of the 

transfer plate with MALDI, and (3) a management analysis of the product development 

project using multi-perspective internal observation framework.  
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Chapter 2 demonstrates the fundamental technological concepts of the transfer 

plate, which enable thin-section-free sampling and matrix-free ionization for MSI. Using 

model samples such as polymer additives on surfaces and cross sections of strawberries, 

this chapter shows that transfer sampling is feasible regardless of the sample’s moisture 

state. This also demonstrates that matrix-free ionization minimizes interfering peaks and 

yields high image reproducibility. A portion of the content in this chapter has been 

published as a peer-reviewed article titled “Thin-section- and matrix-free mass 

spectrometry imaging: Reproducible sample transfer using novel platinum-coated porous 

plate formed of glass beads” in the international journal Rapid Communications in Mass 

Spectrometry.100 

Chapter 3 demonstrates that the integration of a transfer plate with MALDI 

expands its application potential. By combining the thin-section-free characteristics of 

the transfer plate with the soft-ionization advantages of matrix-assisted techniques, this 

chapter proposes a thin-section-free MALDI-MSI approach. This demonstrates that, in 

realistic cases where matrix-free ionization provides insufficient sensitivity, this 

limitation can be overcome by integrating the transfer plate with conventional MALDI 

methods. A portion of the content in this chapter has also been published as a peer-

reviewed article titled “Transfer-Based Thin-Section-Free MALDI Mass Spectrometry 

Imaging Using a Platinum-Coated Porous Plate Formed of Glass Beads” in the 

international journal The Journal of Mass Spectrometry.101 

Chapter 4 analyzes the practical activities of the product development project 

team through a new theoretical framework, multi-perspective internal observation. By 

reviewing project activities from multiple perspectives rather than from a single 

viewpoint, the chapter elucidates the nature of practical knowledge in the field, the 

process through which it is formed, and how members are motivated throughout the 

project. A portion of the content in this chapter was submitted as a peer-reviewed article 

in the international journal The Journal of Organization and Discourse. 
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2.1. Introduction 

As described in Chapter 1, the practical application of mass MSI strongly depends on 

sample preparation procedures, such as thin sectioning and matrix application. To address 

these challenges, various approaches that combine transfer methods with SALDI 

substrates have been proposed.1–32 However, SALDI substrates that are specifically 

designed with transfer as the primary consideration are limited. DIUTHAME, a product 

previously developed by the authors’ affiliated company, is also a SALDI substrate; 

however, it was fundamentally designed for use in combination with thin tissue 

sections.33–35 Although its application in transfer-based approaches has been explored, its 

intrinsic fragility makes it unsuitable for transfer-oriented applications. Meanwhile, as 

DIUTHAME became more widely adopted, practical user requirements increasingly 

highlighted the need for media that enable transfer-based approaches. This trend 

simultaneously indicates that fundamental MSI preparation steps such as thin sectioning 

and matrix applications continue to represent significant barriers for many users. 

Nevertheless, transfer media possessing SALDI functionality continue to face 

substantial limitations within the scope of existing technologies. Media based on 

nanostructures require the preservation of their fine surface features, which tends to 

restrict their application to relatively soft samples. In addition, although SALDI substrates 

suitable for transfer-based approaches in MSI have been technically reported, most have 

not been commercialized and are not generally accessible. In practice, users are often 

required to fabricate such media themselves, which conflicts with the goal of simplifying 

MSI sample preparation. Furthermore, even if commercialization was pursued, these 

technologies were found—at least within the technical evaluations conducted at the 

author’s affiliated company—to be challenging to scale up for mass production from the 

perspectives of fabrication complexity and cost. Therefore, there is a clear need to develop 

a commercially available and broadly accessible transfer medium. After evaluating 

various candidate materials, this study focused on a platinum-coated porous plate formed 

from glass beads (the transfer plate), and proceeded with its technical validation and 

product development. 

This chapter investigates the fundamental characteristics of the transfer plate. 

For product realization, it is essential to first conduct rigorous technical validation and to 

demonstrate results that are persuasive to the target user base. In feedback from 

DIUTHAME users, questions regarding the influence of sample moisture on sampling 

performance were particularly frequent. Therefore, the present fundamental study 

specifically pursued this line on inquiry. Specifically, stains of the polymer additives were 
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selected as representative dry samples, whereas cross sections of strawberries were used 

as representative wet samples. MSI measurements using the transfer plate were performed 

on these samples to evaluate the applicability of thin-section- and matrix-free MSI. 

 

2.2. Methods 

2.2.1. Fabrication of transfer plates 
The porous plate was formed by sintering commercially available spherical glass beads 

in an electric furnace such that the gaps between the glass beads were not filled. The 

temperature of the electric furnace was set to 600°C or higher. The approximately 50 μm-

diameter glass beads were made of soda glasses. The size and shape of the porous plate 

could be changed arbitrarily depending on the sintering mold. The approximate sizes of 

the prepared porous plates were 75 × 50 × 1 mm (width, length, and height) (Figure 2.1A). 

The platinum layer was deposited on a single side of the porous plate using electron beam 

evaporation, with its platinum-coated side acting as the active surface for ionization. The 

average thickness of the platinum layer was 50 nm. Figure 2.1B shows an example of an 

active surface on the fabricated transfer plate obtained using scanning electron 

microscopy (JCM-6000, JEOL Ltd., Akishima, Japan), indicating that there were many 

pores between the glass beads and their fusion sites. The pores extended from the active 

surface to the opposite side, forming random network structures. The deposited platinum 

layer was macroscopically uniform. 

 

 
Figure 2.1 (A) Optical image of the 75 mm-wide and 50 mm-long transfer plate. The 

gray area on the plate corresponds to the platinum layer. (B) Magnified image of the 

active surface on a transfer plate. The image was obtained using the back scattered 

electron mode of a secondary electron microprobe. 

 



32 

 

2.2.2. Sample preparation of polymer additives 
Irganox B225 (Ciba Inc., Basel, Switzerland), a blend of 50% Irgafos 168 and 50% 

Irganox 1010, was used as the example polymer additive. Ultrapure water (LC/MS 

grade), acetone (min. 99.5%), acetonitrile (min. 99.5%), sodium trifluoroacetate, and 2,5-

dihydroxybenzoic acid (DHB) were purchased from FUJIFILM Wako Pure Chemical 

Corporation (Osaka, Japan). Lumirror™ Polyester Film #250-T60 (Toray Industries, Inc., 

Tokyo, Japan) was used as the polyethylene terephthalate (PET) film. Irganox B225 

solutions in acetone at different concentrations (1, 0.1, and 0.01% weight ratios) were 

prepared. A 20 mg/ml DHB solution in 70% aqueous acetonitrile containing 0.1% TFA 

was used. 

To compare the mass spectra using MALDI and using the transfer plate, an equal 

volume of 1% Irganox B225 and DHB solution were mixed, and 1 μL of the mixture was 

loaded on the target plate (MTP 384 target plate ground steel BC, Bruker, Bremen, 

Germany). Alternatively, 1 μL of a 1% Irganox B225 solution without the matrix was 

loaded on the transfer plate. The so-called “sweet spot” did not emerge on the transfer 

plate because of its solution-absorption properties. To verify that dried constituents can 

be transferred onto a transfer plate, stains of an Irganox B225 solution residual were 

prepared by spotting and completely drying 1 μL of 1, 0.1, and 0.01% Irganox B225 

solutions on a PET film (Figure 2.2A). The diameter of each stain on the PET film was 

5–7 mm. These stains were placed on the active surface of the transfer plate and 

moderately thumbed for 10 s before removing the film. All stains were transferred to the 

transfer plate (Figure 2.2B), although they were barely visible to the naked eye. The 

transfer plate attached to these stains was installed into the MALDI-TOFMS instrument 

without any additional processes, such as matrix spraying. All mass spectra and ion 

images of the polymer additives were obtained in the positive ion mode. 
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Figure 2.2. (A) Polymer additive stains on the PET film; 1 μL of 1, 0.1, and 0.01% 

Irganox B225 solutions in acetone were loaded. (B) Stains on the transfer plate after the 

transfer process. MSI measurements were performed in the area enclosed by the red line. 

 

 

2.2.3. Sample preparation of strawberries 
For evaluating the application of a transfer plate to MSI, strawberries were chosen as the 

samples because there are many previous MSI studies of strawberries that are suitable for 

qualitative validation.35–39 “Benihoppe” strawberries cultivated in a local strawberry farm 

(Shizuoka, Japan) were used in this study. The strawberries were sliced in half using a 

commercial cutting knife. Figure 2.3A shows an optical image of the cut-surface of the 

strawberry cross-section. The strawberry cross-section was placed on the active surface 

of the transfer plate and moderately thumbed for 10 s (Figure 2.3B). The strawberry was 

removed from the transfer plate. Figure 2.3C shows a trace of the strawberry cross-section 

on the transfer plate after its removal. Figure 2.3D shows a duplication of Figure 2.3C 

obtained by transferring the same cross-section onto another transfer plate. Multiple 

similar samples were duplicated in the same manner (Figure 2.4). MSI was performed in 

positive- and negative-ion modes using different transfer plates (positive: Figures 2.3C, 

2.4A, and 2.4B; negative: Figure 2.3D). 
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Figure 2.3. (A) Optical image of a strawberry cross-section. (B) Strawberry transfer process. (C, D) Traces of the strawberry cross-section 

on the transfer plate after removing the strawberry. MSI measurements were performed in the area enclosed by the red line. 
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Figure 2.4. (A, B) Traces of the strawberry cross-section on a transfer plate using the 

same method as in Figure 2.3C and D. MSI measurements were performed in the area 

enclosed by the red line. 

 

 

2.2.4. Instrumentation 
All the mass spectra and ion images in the present study were obtained using a MALDI 

TOF/TOF instrument (Autoflex maX; Bruker, Billerica, MA, U.S.). All results in the 

positive and negative ion modes were acquired using reflector mode, and the pulsed ion 

extraction time was 200 ns. The measured m/z ranges were 60 to 2000 for polymer 

additives and 60 to 800 for strawberry metabolites, respectively. However, only m/z 

regions of interest are shown in the following mass spectra. After transferring the samples, 

the transfer plates were installed into the MALDI TOF/TOF instrument without any 

additional processes, such as matrix-spraying. MSI measurements were performed using 

a step size of 200 μm, 100 shots per spot, and a large laser diameter mode (~80 μm). The 

acquired MSI data were analyzed using SCiLS™ Lab (Bruker, Billerica, MA, U.S.). The 

automatic hotspot removal function was performed using the 99% quantile for the cutoff 

value. No further normalization was performed. 
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2.3. Results and Discussion 

2.3.1. Polymer additives 
The mass spectra of the polymer additives (Irgafos 168 and Irganox 1010) obtained using 

the DHB matrix and transfer plate were compared under the same equipment conditions. 

Figure 2.5A and B show the mass spectra of the polymer additives obtained using MALDI 

and the transfer plate (without the matrix), respectively. The target ions derived from 

Irgafos 168 and Irganox 1010 were clearly observed in the mass spectra. Therefore, 

matrix-free ionization was implemented on the transfer plate. The intensity ranges (y-

axis) shown in Figure 2.5A and B were tuned to the peaks of the polymer additives. 

Therefore, the intensities of the matrix peaks below m/z 400 in Figure 2.5A were 

saturated. The main ions detected in Figure 2.5A and B are summarized in Table 2.1. The 

mass spectrum pattern below m/z 600 in Figure 2.5A is complicated by the presence of 

many matrix peaks; however, no complicated pattern is present in Figure 2.5B. Irgafos 

168 was detected as the [M + H]+ ion in Figure 2.5A; however, [M + Na]+ ions were 

detected in Figure 2.5B because the Na ions contained in the transfer plate were added 

instead of protons. Irganox 1010 was detected as [M + Na]+ ions regardless of the 

presence of a matrix, which is consistent with previous studies on MALDI.40,41 The 

detection of oxidized Irgafos 168 in Figure 2.5B may be due to temporal changes in the 

polymer additive solution.41 The absence of Irgafos 168 oxide in Figure 2.5A is likely 

due to the insufficient peak intensity. 
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Figure 2.5. Averaged mass spectra of the 1% Irganox B225 solution on a target plate (A) 

with a DHB matrix and (B) without a matrix. The vertical scale of (A) is consistent with 

that of (B); therefore, the matrix peaks (~ m/z 400) were saturated in (A). 

 

Table 2.1. Assigned polymer additives detected from an Irganox B225 solution on a 

transfer plate. 

Polymer additive Ion type Detected m/z Corresponding 

Ion image 

Irgafos 168 [M + H]+ 647.9  

 [M + Na]+ 669.8 Figure 2.6A 

Irgafos 168 (oxidized)  [M + Na]+ 685.4 Figure 2.6B 

Irganox 1010 [M + Na]+ 1199.5 Figure 2.6C 
 

 

Figure 2.6A–C show the ion images of Irgafos 168, oxidized Irgafos 168, and 

Irganox 1010, respectively, obtained by MSI measurements of the polymer additive stains 

transferred from the PET film to the transfer plate. All ion images corresponding to the 

1% sample solution (top in Figure 2.6A–C) were clearly visible, which demonstrates that 



38 

 

it is possible to transfer the completely dried stain. All ion images corresponding to the 

0.1% solution (middle of Figure 2.6A–C) were faintly visible around the edges of the 

stains. Only the ion image of the 0.01% oxidized Irgafos 168 (bottom of Figure 2.6B) was 

barely obtained. The polymer additive stains for MSI measurements were exposed to air 

for long enough to dry; therefore, oxidized Irgafos 168 was predominantly present on the 

film. These results shown in Figure 2.6A-C indicates a dry sample on the film can be 

transferred onto a transfer plate. MSI measurements of thin samples, such as a stain on a 

film, are difficult to perform in terms of not only thin-sectioning but also charge-up when 

the sample is loaded without thin-sectioning into a MALDI-TOFMS instrument. MSI 

measurements using a transfer plate can overcome these restrictions. 

 

 

Figure 2.6. Ion images of the polymer additives on transfer plates. (A) m/z 669.8 (Irgafos 

168 [M + Na]+), (B) m/z 685.4 (Irgafos 168 (Oxidized) [M + Na]+), and (C) m/z 1199.5 

(Irganox 1010 [M + Na]+). The solutions from top to bottom correspond to the 1, 0.1, and 

0.01% solutions. The color gradient in the figures corresponds to the relative intensity 

scaled by SCiLS. 

 

 

2.3.2. Strawberry 
MSI measurement of the strawberry cross-section, which has a high water content, was 

performed using a transfer plate. Figure 2.7A and B show the average mass spectra of the 

strawberry cross-section obtained in the positive and negative ion modes, respectively. 

The peaks in the mass spectra were considered to correspond to strawberry metabolites 

because a matrix for MALDI was not used in this measurement. The positive and negative 
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ions detected in Figure 2.7A and B, respectively, are summarized in Table 2.2. These ions 

were assigned by referencing previous studies.35–39 The positive ions detected in Figure 

2.7A were obtained as adduct ions of not only K but also Na, such as hexose [M + Na]+ 

and sucrose [M + Na]+, for the same reason as in the case of the polymer additives. 

Furthermore, the intensity of the citric acid [M – H + 2K]+ peak was higher than that of 

the [M + K]+ peak. The apparent patterns of the adduct ions depend on the alkali ion 

concentrations in the samples and transfer plate, which complicated the mass spectrum 

shown in Figure 2.7A. However, it was considered that the detected negative ions were 

mostly proton-desorption ions; therefore, the mass spectrum shown in Figure 2.6B was 

simpler. 

 

 

Figure 2.7. Averaged mass spectra of the strawberry cross-section obtained in the (A) 

positive and (B) negative ion modes. No main peaks were observed in the range above 

m/z 450. 

  



40 

 

Table 2.2. Assigned metabolites detected from a strawberry cross-section on a transfer 

plate. 

Metabolite Ion type Detected m/z Corresponding 

Ion image 

Hexose [M + Na]+ 203.0  

 [M + K]+ 219.0 Figure 2.8A 

 [M – H]− 179.1 Figure 2.8D 

Citric acid [M + K]+ 230.9  

 [M – H + 2K]+ 268.9 Figure 2.8B 

 [M – H]− 191.1 Figure 2.8E 

Sucrose [M + Na]+ 365.1  

 [M + K]+ 381.1 Figure 2.8C 

 [M – H]− 341.2 Figure 2.8F 
 

 

 

Figure 2.8 shows the ion images of the metabolites listed in Table 2.2. MSI of 

strawberries has previously been using various preparation methods.35–39 Hexose (Figure 

2.8A and D) was distributed throughout the fruits, particular in the vascular bundles. 

Although different distributions of hexose have been reported in each of the previous 

studies, the signals from the entire strawberry are common. Citric acid (Figure 2.8B and 

E) was mostly localized in the cortical tissue. Citric acid has previously been found to be 

distributed on the outside of strawberries (cortical tissue), which is qualitatively 

consistent with the present results. The distributions of hexose and citric acid were almost 

consistent in both the positive and negative ion modes. Sucrose in the positive ion mode 

(Figure 2.8C) was distributed over the entire area of the cortical tissue and vascular 

bundle, whereas sucrose in the negative ion mode (Figure 2.8F) was mainly distributed 

in the vascular bundle and pith tissue. Previous studies have reported a similar 

phenomenon, in which the ion image of a strawberry was different in the positive and 

negative ion modes.35,39 [M + K]+ ions were detected in the positive ion mode, indicating 

that the distribution of K+ ions may affect the ion image of the metabolites. Significant 

delocalization of these metabolites was not observed in Figure 2.8, indicating that MSI 

measurement of wet samples is also possible using the transfer plate.  
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Figure 2.8. Ion images of strawberry metabolites on the transfer plate. (A) m/z 219.0 

(hexose [M + K]+), (B) m/z 268.9 (citric acid [M –H + 2K]+), (C) m/z 381.1 (sucrose [M 

+ K]+), (D) m/z 179.1 (hexose [M – H]−), (E) m/z 191.1 (citric acid [M – H]−), and (F) m/z 

341.2 (sucrose [M – H]−). The color gradient in the figures corresponds to the relative 

intensity scaled by SCiLS. 
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Figure 2.9. Reproduced ion images of strawberry metabolites on a transfer plate: m/z 

219.0 (hexose [M + K]+), m/z 268.9 (citric acid [M – H + 2K]+), and m/z 381.1 (sucrose 

[M + K]+). (A) and (B) were obtained by using the transfer plate shown in Figure 2.4A 

and B, respectively. The color gradient in the figures corresponds to the relative intensity 

scaled by SCiLS. 

 

 

2.3.3. Spatial resolution and reproducibility of MSI measurements 

using a transfer plate 
The shapes of the ion images shown in Figure 2.8A–F qualitatively reflected the cross 

sectional anatomy of the strawberry fruit shown in Figure 2.3A and the metabolite 

distribution of previous studies. This indicates that delocalization of the transferred 

constituents was insignificant. The structure of the transfer plate is an aggregate of glass 

beads, as shown in Figure 2.1; therefore, the diameter of the glass beads should be the 

spatial resolution limit. The glass bead diameter used in this study was approximately 50 

μm, which is sufficiently smaller than the step size of MSI (200 μm). However, hand 
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shaking during the transfer process may deteriorate spatial resolution. For higher spatial 

resolution, the MALDI- or SALDI-MSI method using thin sections is considered 

advantageous. 

Reproducibility of MSI measurements is expected when using a transfer plate 

because of the relatively simple and easy preparation process. Figure 2.9A and B show 

the positive ion images of the strawberry obtained using the transfer plate shown in Figure 

2.9A and B, respectively. Figure 2.9A and B qualitatively reproduce the ion images of 

hexose, citric acid, and sucrose shown in Figure 2.8A–C. Reproducibility was achieved 

owing to (i) the strength of the porous structure, (ii) absorbability of the solution, and (iii) 

ionization on the pre-coated platinum layer, which are characteristic functions of the 

transfer plate. A strong structure obtained by sintering enables the samples to be thumbed 

on the transfer plate, decreasing non-sample transferred areas. The amount of sample is 

constantly retained on the active surface of the transfer plate because the residual sample 

is absorbed into the porous structure interior, and furthermore, the delocalization of the 

sample is limited. Ionization on the uniformly pre-coated platinum layer is probably 

stable without the fluctuations from matrix-spraying. 

Sample preparation using a transfer plate has excellent potential for the 

development of new applications in which MSI using the traditional preparation process 

for MALDI-MSI cannot be realized. A statistical application that requires many 

measurement results or an application that acquires rapid treatment are ideal in terms of 

the ease of processing and lower dependence on the operator skill. A large sample, whose 

thin-sectioning is relatively difficult, is also a suitable application because the transfer 

plate can be manufactured to be as large as the size that can be introduced into the mass 

spectrometer, for example, the microtiter plate size. Moreover, there was no limitation on 

the moisture content of the samples when the target constituents were transferred, as 

explained above. However, highly viscous or brittle samples may cause excess sample to 

adhere onto the active surface. In such cases, desorption/ionization may not occur because 

the laser does not reach the platinum layer. The use of a transfer plate may expand MSI 

applications if these characteristics can overcome the difficulty or complexity of MSI 

measurements.  
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2.4. Conclusions 

In this chapter, the fundamental feasibility of thin-section- and matrix-free MSI using a 

platinum-coated porous plate formed of glass beads was examined as a transfer-based 

sample preparation approach. MSI measurements were conducted using representative 

dry samples (polymer additive stains) and wet samples (strawberry cross-sections) to 

evaluate the applicability of this transfer plate under different sample conditions. Despite 

the simplicity of the preparation process, the macroscopic delocalization during transfer 

was minimal for both sample types. In addition, the resulting ion images showed 

qualitative reproducibility across independently prepared transfer plates. These results 

indicate that the transfer process using the transfer plate provides stable sampling and 

ionization performance suitable for MSI measurements. The observed performance can 

be attributed to the characteristic properties of the transfer plate, including the mechanical 

robustness of the sintered porous structure, the ability of the porous network to absorb 

excess sample moisture, and the stable matrix-free ionization enabled by the uniformly 

coated platinum layer. This fundamental validation provides a technical basis for further 

investigation of application-oriented performance and expanded use cases, which are 

addressed in subsequent chapters. 
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3.1 Introduction 

Chapter 2 discusses the fundamental technology and effectiveness of a thin-section- and 

matrix-free MSI approach using a transfer plate. In this chapter, the potential for 

extending this transfer plate to MALDI-MSI is investigated. The transfer plate introduced 

in Chapter 2 consists of a porous plate formed of glass beads and a uniform platinum layer 

deposited on one side.1 The porous plate provides sufficient mechanical strength to 

withstand transfer pressure and functions as a base material to suppress analyte 

delocalization during transfer by absorbing sample-derived solvents. The platinum layer 

enables SALDI and simultaneously serves as an electrically conductive layer, allowing 

the transfer plate to be used directly with commercially available MALDI-TOFMS. Using 

stains of polymer additives and cross-sections of strawberries as representative examples, 

it was shown that stable transfer can be achieved regardless of the moisture content of the 

sample. Thus, the transfer plate functions as a platform for MSI preparations that enables 

thin-section-free sampling while remaining compatible with commercial MALDI-

TOFMS instruments. In addition, because the transfer plate itself possesses SALDI 

functionality, MSI measurements can be performed without the use of a matrix. This 

feature eliminates the need for matrix selection and application procedures, and avoids 

matrix-derived background peaks in the low-mass region. 

In contrast, in MSI experiments of strawberry cross-sections, molecules that are 

prone to fragmentation, such as anthocyanins, which have been detected in previous 

MALDI-MSI studies2,3, were not detected with sufficient sensitivity using SALDI-MSI 

on the transfer plate. A similar phenomenon was also observed in the SALDI-MSI of 

strawberry cross-sections using DIUTHAME, which features a platinum layer similar to 

that of the transfer plate4. In other words, the SALDI functionality of the transfer plate 

alone was insufficient for all analytical objectives. MALDI provides a different ionization 

modality from SALDI and offers a wide range of options in terms of matrix selection and 

application methods, enabling optimization for diverse analytical purposes by 

appropriately adjusting the sample preparation conditions.5–9 If the sample preparation 

techniques developed for MALDI can be applied to the transfer plates, the transfer plate 

may serve as a new platform for thin-section-free MALDI-MSI,10–18 thereby further 

expanding its range of applications. Such an expansion of versatility is important not only 

from a technical perspective but also because broader applicability facilitates user 

acceptance of the transfer plate as a platform for MSI preparation, thereby enhancing its 

significance in terms of product development and commercialization. 
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For the practical implementation of thin-section-free MALDI-MSI using the 

transfer plate, it is necessary to clarify both the effectiveness of the matrix application to 

samples transferred onto the plate and the influence of the matrix application on spatial 

resolution, particularly analyte delocalization. In this chapter, these issues are addressed 

using strawberry cross-sections as a model sample, and both SALDI-MSI and MALDI-

MSI measurements are performed on the transfer plate. First, strawberry cross-sections 

were transferred onto a transfer plate and analyzed by SALDI-MSI following the  

procedure described in Chapter 2. Subsequently, matrix spraying is applied to the same 

transferred sample to obtain ion images of anthocyanins. Next, metabolites detectable by 

both SALDI and MALDI, such as sucrose, are examined by comparing ion images 

acquired from the same sample before and after matrix application, thereby evaluating 

the extent to which matrix spraying affects spatial resolution at a step size of 200 μm. 

Through these investigations, the influence of the matrix application on spatial 

information was assessed by a qualitative comparison of SALDI-MSI and MALDI-MSI 

results, and the feasibility of thin-section-free MALDI-MSI using the transfer plate was 

clarified. 

 

3.2 Methods 

3.2.1 Preparation of samples for SALDI experiment 
Sampling of strawberry cross-sections for the SALDI experiment was performed as 

described in Section 2.2.3. “Benihoppe” strawberries cultivated at a local strawberry farm 

(Shizuoka, Japan), with a long axis of approximately 50 mm, were used. A platinum- 

coated porous plate formed of glass beads with a dimension of 75 mm × 50 mm, was used 

as the transfer plate. The strawberry cross-section was placed on the active surface of the 

transfer plate and moderately thumbed for 10 s. SALDI-MSI analysis was performed on 

the strawberries without further preparation after sampling. 

 

3.2.2 Matrix application for MALDI experiment 
For MALDI measurements, ultrapure water (LC-MS grade), methanol (min. 99.5 %), 2,5-

dihydroxybenzoic acid (DHB), citric acid (min. 98 %), and diammonium hydrogen citrate 

(min. 99 %) were purchased from FUJIFILM Wako Pure Chemical Corporation (Osaka, 

Japan). 

After SALDI-MSI, a MALDI-MSI sample was prepared from the sample that 

was measured by SALDI. DHB solution (25 mg/ml) in 50 % aqueous methanol was 

applied to the active surface of the sample, as measured by SALDI. Matrix spraying was  
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performed manually using an airbrush (PS-270, GSI Creos, Tokyo, Japan) with a distance 

between the spray nozzle and sample of approximately 10 cm. Five hundred microliters 

of DHB solution was sprayed over an area of 50 mm × 50 mm by scanning the area more 

than 10 times in both X and Y directions. 

MALDI-tandem mass spectrometry (MS/MS) was performed using the 

metabolites extracted from the strawberries to identify the chemical components detected 

through MALDI-MSI. The transferred fresh strawberry was immediately frozen and 

stored under −80 ℃. The outer parts of the strawberry, including the skin, were 

selectively sliced under −20 ℃ and dissolved in 50 % aqueous methanol to maintain the 

concentration of the mixture at 50 mg/mL. The mixture was shaken and centrifuged at 

6800 rpm for 30 min. The supernatants were then collected as metabolite extracts. The 

metabolite extracts (10 μL) were mixed with DHB (30 mg/mL, 10 μL) in an aqueous 

solution and an aqueous solution of citric acid (0.2 mol/mL, 1 μL) and diammonium 

hydrogen citrate (0.2 mol/mL, 1 μL). A matrix-mixed solution (1 μL) was applied to the 

MALDI target (MTP 384 target plate ground steel BC, Bruker, Billerica, MA, U.S.) and 

naturally dried under standard atmospheric conditions. 

 

3.2.3 Instrumentation 
All the mass spectra and ion images in this study were obtained using a MALDI-

TOF/TOF instrument (autoflex® maX, Bruker). The SALDI- and MALDI-MSI 

measurements were conducted in the positive-ion reflector mode. The m/z values ranged 

from 150 to 650. The frequency of the desorption laser was 500 Hz, and the laser power 

was set to 60 %. MSI measurements were performed using 100 shots per spot with a beam 

diameter of approximately 80-μm. A larger MSI step size of 200 μm compared to the 

beam diameter was deliberately set so that the area without laser irradiation remained on 

the transfer plate, enabling both SALDI- and MALDI-MSI measurements to be 

performed on the same sample. In addition, previous MALDI-MSI studies of the entire 

strawberry cross-section were also reproduced using the step size of the same order2,3. 

MS/MS spectra were obtained using autoflex maX in the LIFT mode. All spectral 

analyses, including baseline substruction processing, peak pickings, and signal-to-noise 

ratio (S/N) calculations were conducted using flexAnalysis (Bruker). MSI data were 

analyzed using SCiLS™ Lab (Bruker). The automatic hotspot removal function was 

performed using the 99 % quantile as the cutoff value. The acquired ion images were 

normalized to the total ion current (TIC). Magnified images of the active surfaces of the 

matrix-sprayed transfer plates were obtained using a scanning electron microscope (SEM; 

JCM-6000, JEOL, Akishima, Japan). 
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3.3 Results and Discussion 

3.3.1 Mass spectra of SALDI-MSI and MALDI-MSI 
SALDI-MSI was performed on the strawberry cross-section after it was transferred onto 

the transfer plate, to reproduce the results reported in Chapter 2 and compare them with 

the subsequent MALDI-MSI results. Figure 3.1A shows the SALDI-MSI mass spectrum 

averaged over the strawberry cross-section. No matrix-derived intense peak was 

observed, as shown in Figure 3.1A. In addition, the peaks corresponding to hexose [M + 

K]+ (m/z 219.0, S/N 562), citric acid [M − H + 2K]+ (m/z 268.9, S/N 117), and sucrose 

[M + K]+ (m/z 381.1, S/N 927) were observed. The appearance of these peaks was 

consistent with the results reported in Chapter 2. 
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Figure 3.1. Mass spectra averaged over strawberry cross-sections obtained via (A) 

SALDI-MSI and (B) MALDI-MSI. (C) Mass spectrum averaged over selected spots of 

the outer part of the strawberry cross-section. 

 

As the second step, after the SALDI-MSI measurements, MALDI-MSI was 

performed on the same transfer plate after spraying with a DHB matrix solution. Figure 

3.1B shows the mass spectrum averaged over the strawberry cross-section obtained via 

MALDI-MSI. In Figure 3.1B, the ion peaks of hexose [M + K]+ (S/N 529), citric acid [M 

− H + 2K]+ (S/N 179), and sucrose [M + K]+ (S/N 821) were also detected, corresponding 

to the same m/z values observed in Figure 3.1A. The S/N values of these peaks in Figure 

3.1B were comparable to those in Figure 3.1A, suggesting that the prior SALDI-MSI 

measurement had no substantial effect the S/N values observed in the MALDI-MSI 

measurement. A potential explanation is that the MSI step size of 200 μm was larger than 

the laser beam diameter of 80 μm, allowing some areas which were not irradiated during 
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the SALDI-MSI measurement to be subsequently irradiated during the MALDI-MSI 

measurement. The mass spectrum pattern in Figure 3.1B is more complex than that in 

Figure 3.1A, owing to the appearance of peaks arising from the DHB matrix. Peaks at m/z 

values of 177.0, 193.0, and 230.9 were also detected in Figure 3.2, with the spectrum 

averaged over the area outside the region where the strawberry sample was transferred. 

Therefore, these peaks were considered to originate from the DHB matrix, corresponding 

to [M + Na]+, [M + K]+, and [M − H + 2K]+ respectively. Although the m/z value of 230.9 

is comparable to that of citric acid [M + K]+, in this study, the peak at m/z 230.9 was 

evidently detected in the region lacking the strawberry sample. Determining whether the 

peak at m/z 230.9 (Figure 3.1B) originated from the DHB matrix or from the citric acid 

is challenging. 

 

 

Figure 3.2. Mass spectrum averaged over the area outside the region where the strawberry 

sample was transferred, obtained via MALDI-MSI. Peaks at m/z values of 177.0, 193.0, 

and 230.9, which are also clearly evident in Figure 3.1B, corresponding to the DHB 

matrix-related ions [M + Na]+, [M + K]+, and [M − H + 2K]+, respectively. 

 

Anthocyanins localized in strawberry skin were detected at m/z values greater 

than or equal to 400 in previous MSI studies2,3. Figure 3.1C shows the MALDI-MSI mass 

spectrum averaged over different regions along the edges of the strawberry cross-section. 

The four ion peaks (m/z 433.1, 471.0, 519.1, and 557.0), which are unclear in Figure 3.1B, 

are clearly evident in Figure 3.1C. The ion peaks at m/z values of 433.1 and 519.1 (Figure 

3.1C) are consistent with peaks that have previously been assigned to pelargonidin-3-O-

glucoside and pelargonidin-3-O-malonylglucoside, respectively, whereas the ion peaks at 

m/z 471.0 and 557.0 (Figure 3.1C) were not detected in the previous study2,3. However, a 

mass difference of 37.9 is observed between m/z 471.0 and 433.1 as well as between m/z 

557.0 and 519.1, which could be attributed to hydrogen substitution by potassium.  
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This assumption was supported by the MS/MS analysis (Figure 3.3) obtained 

using an extraction solution that only included the outer layer of the strawberry fruit used 

for transfer. Figure 3.3A shows the MALDI mass spectrum of the strawberry extraction 

solution that selectively included only the outer layer of the strawberry fruit used for 

transfer. The measured extraction solution was mixed with the DHB matrix, citric acid, 

and diammonium hydrogen citrate, which indicates that the peak intensity of the ion 

whose hydrogen was substituted for potassium would be expected to have decreased in 

Figure 3.3A. Ion peaks were detected at m/z 433.1 and 519.1 in Figure 3.3A. In contrast, 

almost no ion peaks at m/z 471.0 and 557.0 were detected, indicating that these ions in 

Figure 3.1C were potassium substitutes for the ions detected at m/z 433.1 and 519.1. 

Figure 3.3B and 3C show the product ion spectra of the precursor ions at m/z 433.1 and 

519.1. In both spectra, an intense fragment ion was detected at m/z 271.1, regarded as 

pelargonidin aglycone [M]+. Neutral losses of 162 and 248 Da correspond to the loss of 

glucose and malonylglucose moieties, respectively. Therefore, the ion peaks detected at 

m/z 433.1 and 519.1 in Figure 3.3A are assigned as pelargonidin-3-O-glucoside and 

pelargonidin-3-O-malonylglucoside, respectively. The corresponding peaks detected at 

m/z 433.1 and 519.1 in Figure 3.1C can also be assigned in a similar manner. 
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Figure 3.3. (A) MALDI mass spectrum of the extract from the edge of the strawberry 

fruit. MS/MS product ion spectra of the precursor ion at m/z (B) 433.1 and (C) 519.1.  

 

The primary ions detected in Figure 3.1A–C are summarized in Table 3.1. 

Therefore, SALDI-MSI was found to be more a suitable for analysis in the low-mass 

region than MALDI-MSI because intense matrix peaks and their overlap with some target 

ion peaks were eliminated, in spite of the S/N values observed in SALDI-MSI being not 

significantly different from those in MALDI-MSI. However, the ions corresponding to 

anthocyanins, which were not detected in SALDI-MSI, were clearly evident in MALDI-

MSI. 
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Table 3.1. Assigned strawberry metabolites detected in the SALDI and MALDI mass 

spectra shown in Figure 3.1. 

Metabolite Ion type Detected m/z SALDI ion 

image 

MALDI ion 

image 

Hexose [M + K]+ 219.0 Figure 3.4A Figure 3.4D 

Citric acid [M – H + 2K]+ 268.9 Figure 3.4B Figure 3.4E 

Sucrose [M + K]+ 381.1 Figure 3.4C Figure 3.4F 

Pelargonidin-3-

O-glucoside 

[M]+ 433.1 – Figure 3.4G 

 [M – H + K]+ 471.0 – – 

Pelargonidin-3-

O-

malonylglucoside 

[M]+ 519.1 – Figure 3.4H 

 [M – H + K]+ 557.0 – – 

 

 

3.3.2 Ion images obtained from thin-section-free SALDI-MSI and 

MALDI-MSI 
The ion images of hexose, citric acid, and sucrose obtained via SALDI-MSI are shown in 

Figure 3.4A–C. Hexose (Figure 3.4A) was slightly localized at the center of the fruit 

(vascular bundle) although it was generally distributed throughout the fruit. Citric acid 

(Figure 3.4B) was localized to the cortical tissue and skin. Sucrose (Figure 3.4C) was 

distributed throughout the fruit area; however, its concentration was slightly lower in the 

vascular bundle. According to the previous studies on MSI, these metabolites vary in 

distribution depending on the variety and maturity stages of strawberries2,3. The 

characteristics observed in Figure 3.4A–C qualitatively correspond to Figure 2.8, further 

confirming the qualitative reproducibility of SALDI-MSI method using the transfer plate. 
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Figure 3.4. Ion images of the strawberry metabolites obtained via SALDI-MSI (A–C) and MALDI-MSI (D–H): (A, D) m/z 219.0 (hexose 

[M + K]+), (B, E) m/z 268.9 (citric acid [M – H + 2K]+), (C, F) m/z 381.1(sucrose [M + K]+), (G) m/z 433.1 (pelargonidin-3-O-glucoside 

[M]+), and (H) m/z 519.1 (pelargonidin-3-O-malonylglucoside [M]+). The color gradient corresponds to the relative intensity scaled by 

SCiLS. 
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The MALDI-MSI ion images of the three constituent ions are shown in Figure 

3.4D–F. As described above, SALDI and subsequently MALDI were performed on the 

same transferred sample; therefore, spatial variability associated with the transfer process 

was eliminated. The distribution characteristics in Figure 3.4A–C and 4D–F showed 

qualitative agreement, indicating that the initial SALDI-MSI measurement had no 

substantial effect on the MALDI-MSI ion images, in accordance with the conclusions 

based on the S/N comparison. As shown in Figure 3.4G–H, the MALDI-MSI ion images 

of pelargonidin-3-O-glucoside and pelargonidin-3-O-malonylglucoside, exhibit their 

localization at the skin of the fruit. These results are consistent with the previous MALDI-

MSI studies on strawberries2,3. Therefore, the absence of these ion images in the prior 

SALDI-MSI measurement is attributed not to the transfer process of the strawberry cross-

section, but to the difference in ionization efficiency between SALDI and MALDI. These 

findings validate that thin-section-free MALDI-MSI can be performed when a matrix is 

sprayed onto the sample after being transferred to the transfer plate. 

 

3.3.3 Characteristics of thin-section-free MSI using a transfer 

plate 
No significant delocalization of ion images was observed owing to manual matrix 

spraying for MSI measurements recorded with a step size of 200 μm. For this spatial 

resolution, the ion images obtained by SALDI and MALDI are considered qualitatively 

comparable, indicating that the migration of transferred constituents on the transfer plate 

is restricted to the step size used during matrix application. Figure 3.5 shows SEM images 

of the active surface before (3A) and after (3B–C) matrix spraying on the transfer plate. 

Figure 3.5B confirms that the matrix completely covers the active surface. Furthermore, 

as shown in the magnified image Figure 3.5C (Figure 3.5B magnified five times), more 

of the matrix was deposited at the neck between the glass beads than on the spherical 

surface of the glass bead. Thus, the neck could prevent horizontal matrix migration 

between the glass beads. The microstructure of the transfer plate, which increases solvent 

absorption, may enable the transfer of moist samples and contribute to the suppression of 

delocalization within the corresponding step size upon manual matrix spraying. 
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Figure 3.5. SEM images of the surface of a transfer plate (A) before and (B) after matrix-

spraying. (C) is an SEM image of (B) magnified five times. The arrows shown in (C) 

indicate matrix deposition on the neck between glass beads. 

 

MSI using a transfer plate is based on thin-section-free sampling and offers the 

flexibility to select and integrate other preparation methods and ionization techniques 

according to the specific analytical purpose. This study demonstrated the feasibility of 

performing both SALDI, which requires no additional preparation, and MALDI, which 

involves matrix spraying, on the same platform. SALDI-MSI using a transfer plate offers 

advantages such as simplified sample preparation (requiring only the transfer process)  

and delivers less-complex spectra that do not contain matrix-derived interfering peaks. In 

contrast, MALDI-MSI on a transfer plate employs matrix-assisted soft ionization, which 

may lead to different ionization outcomes compared to SALDI-MSI. Moreover, the 

MALDI-MSI experiments used to obtain the images shown in Figure 3.4D–H were 

conducted on the same transfer plate that had previously been used for SALDI-MSI. 

These results indicate that SALDI–MALDI multimodal MSI can also be achieved 

sequentially on a single transfer plate. This sequential approach applied to an identical 

transferred sample is considered a practical strategy for acquiring both SALDI and other 

modalities, particularly in cases where thin-sectioning is not feasible and sample 

duplication is not possible.  

 

3.4 Conclusion 

In this chapter, Thin-section-free MALDI-MSI measurements were performed on a 

strawberry cross-section using a transfer plate. Using strawberry cross-sections as a 

model sample, SALDI-MSI measurements were first performed on the same transferred 

sample, followed by matrix application and subsequent MALDI-MSI analysis. This 

experimental design enabled the direct comparison of SALDI-MSI and MALDI-MSI 

under conditions that eliminated the variability arising from the transfer process.  
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The ion images of hexose, citric acid, and sucrose obtained by SALDI-MSI using 

a transfer plate reproduced the results reported in Chapter 2. The signal-to-noise ratios of 

these ions in the averaged spectra were comparable for SALDI-MSI and MALDI-MSI, 

and the corresponding ion images showed qualitative agreement. These results indicate 

that the prior SALDI-MSI measurements did not exert a substantial influence on the 

MALDI-MSI results obtained in this study. In contrast, anthocyanins localized in the 

strawberry skin, which were not detected with sufficient sensitivity by SALDI-MSI, were 

successfully visualized by MALDI-MSI after matrix application. This finding 

demonstrates that, in thin-section-free MSI using a transfer plate, the combination of 

MALDI with SALDI-based measurements enables complementary visualization of 

molecular species that are difficult to detect using SALDI alone. Furthermore, 

delocalization caused by manual matrix spraying was not significant when the MSI step 

size was set to 200 μm because the microstructure between the glass beads in the transfer 

plate effectively suppressed matrix migration.  

This chapter demonstrates the practical feasibility of thin-section-free MALDI-

MSI using a transfer plate. The transfer plate not only enables straightforward thin-

section-free sampling but also allows different ionization modalities, such as SALDI and 

MALDI, to be employed on a common experimental platform. These findings provide a 

technical foundation for the broader use of the transfer plate as a versatile MSI platform 

and support its further application and development in diverse MSI workflows. 
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4.1 Introduction 

Chapters 2 and 3 examined the technological principles of the transfer plate and its 

potential applications. However, product development as a business practice does not 

progress solely through resolving technical challenges. Instead, it advances through the 

accumulation of practical activities involving collaborative work among multiple 

members, decision-making, trial and error, and evolving motivational processes. 

Chapter 4 therefore focuses on the team practices embedded in the product development 

project and aims to clarify the methodological characteristics and forms of motivation 

inherent in these practices from a managerial perspective. 

This section first reviews prior research in technology management and then 

outlines the theoretical frameworks of internal observation and the theory of katari. It 

subsequently introduces a new conceptual framework, the multi-perspective internal 

observation, which extends conventional internal observation by incorporating the 

perspectives of all team members. The background and rationale for applying this 

framework in the present study are also explained. 

For companies whose core competence lies in technology, the continuous pursuit 

of new business opportunities and the development of technological innovations are 

essential corporate activities. In Japan, long described as a technology-oriented nation, 

many firms achieved postwar growth through manufacturing capabilities. However, the 

stagnation of Japanese companies from the collapse of the economic bubble to the present 

highlights the difficulty of sustaining innovation. In today’s business environment, the 

technology management practices that once supported Japanese competitiveness have 

largely faded, and new business development and innovation rarely occur. Aside from a 

small number of highly capable firms, many workplaces lack inherited methodologies for 

practicing technology management at the operational level. 

A substantial body of research has examined the technology management that 

supported the success of “Japan as number one.” Clark and Fujimoto (2009), for example, 

conducted an empirical study of organizational capabilities and competitiveness in 

product development in the automotive industry. Numagami (1999) analyzed 

technological innovation in liquid crystal displays as a process of social consensus 

building among actors inside and outside the firm. Kawakami (2005) discussed the 

relationship between marketing and technology development, as well as its management, 

through case studies of the consumer electronics industry. Much of this prior research 

relied on publicly accessible data, newspaper and magazine articles, and interviews 

conducted with companies. 
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Beyond interview-based studies, some cases have been written by insiders who 

describe their companies’ practices and experiences from a managerial standpoint. 

Azuma (1999), for example, drew on 40 years of knowledge at a chemical manufacturer 

to present a panoramic managerial account of business development and its management. 

Urakawa (2010) reflected on research and development at a rubber manufacturer and 

developed a practical management framework linking business strategy with technology 

strategy. Although their approaches differ, these studies share the aim of extracting 

managerial insights from the management viewpoint and contribute to the development 

of macro-level technology management theories. 

Despite the many advantages of technology management, new business 

development and innovation are still large challenges for Japanese companies. 

Overcoming roadblocks like this requires practical methods that function effectively at 

the work site. Urakawa (2010) also observed that successful technology management 

practices depend on a collective guidance system grounded in free discussion among all 

involved parties, including supervisors and staff. He further emphasized that this system 

arises not from top-down instruction but from organizational culture. However, macro-

level studies do not reveal the concrete content of such practical methodologies, including 

shared understandings and actual interactions. Approaching individual practices instead 

requires a micro-level perspective rooted in the realities of the workplace. From a research 

standpoint, investigating such practices is difficult. External researchers have limited 

access to day-to-day activities, and even internal researchers cannot obtain a truly micro-

level perspective unless they themselves are frontline practitioners. 

The author believes that many managerial insights are embedded in the practical 

activities occurring inside organizations. To uncover such insights, researchers must 

adopt an internally situated standpoint and be embedded within the practices themselves. 

For example, when in-house practitioners observe the practices in which they are 

involved, the distinction between researcher and practitioner dissolves. The internal 

observation perspective is therefore well suited to this purpose. Masuda (2007, 2013) 

formalized internal observation as a method in organizational research and showed that 

because an observer and observed are inseparable, the act of observing becomes a form 

of motivation management for the group being observed. Masuda (2013) further 

developed the theory of katari as a conceptual tool for applying internal observation to 

field research. Since then, internal observation and the theory of katari have successfully 

captured a wide range of internal corporate practices. 

As one illustrative example, Fujiwara and Masuda (2015) examined corporate 

bootlegging (i.e., unofficial technical development) from an internal observation 
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perspective. They identified a process in which repeated attempts, including failures, 

accumulate and lead to further attempts. They also demonstrated a practical methodology 

showing how a sense of contributing to the organization reshapes explicit evaluations by 

others, whether approving or disapproving. Similarly, Kato and Masuda (2016), in their 

investigation of new product development processes, proposed the concept of 

interfacilitation as a form of mutual motivation derived from internal observation. They 

verified a case in which internal observation itself functioned as motivation management 

during project team formation. 

Studies like these show that internal observation and the theory of katari can 

identify practical processes in organizations with precision, as well as effective 

management practices at the operational level. Apart from Masuda’s own formalized 

studies, prior research on internal observation has typically involved corporate 

practitioners who maintained their original standpoint and conducted the investigation as 

researchers, even without specialized knowledge in management studies. To ensure 

research quality, these studies involved management scholars during data analysis and 

interpretation. 

In Chapter 4, the author proposes a new approach called multi-perspective 

internal observation as a means of extending and complementing conventional internal 

observation. Traditional internal observation has involved observing and documenting 

practices from the viewpoint of a single individual who is both practitioner and 

researcher. That is, only those practical activities that the researcher could personally 

witness were recorded. However, practical activities within companies are typically 

performed by multiple people as a team, and such activities are inherently shaped by each 

member’s internal background, or “another story,” including motivations and 

experiences. From the standpoint of a single researcher, it is impossible to observe the 

“another story” held by other members. To understand these backgrounds 

comprehensively, conventional internal observation must be expanded. 

Accordingly, this study broadens internal observation from one researcher to all 

team members and attempts to observe and analyze practical activities from multiple 

perspectives. In this approach, the practitioner team also becomes the research team, and 

members collectively observe and reflect on their own practices. The aim is to elicit, as 

fully as possible, each member’s “another story.” Moreover, as with conventional internal 

observation, multi-perspective internal observation functions not only as a method for 

investigating practical activities but also as a form of motivation management, since the 

act of observation itself stimulates members’ engagement and willingness to act. 
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The motivation for this managerial study arose from the review of a product 

development project in which the author served as team leader. Although details will be 

described later, the project advanced from the initial concept proposal to final 

commercialization and market introduction. Naturally, project outcomes are influenced 

by a wide range of internal and external factors and cannot be reduced to simple 

explanations. Nevertheless, in this case the author sought a clear understanding of the 

team’s condition as a foundation for future learning. As such, the author met a researcher 

external to the project team specializing in internal observation and initiated a 

collaborative study of the author’s own team. However, the author began to question 

whether the team situation perceived through the author’s viewpoint truly represented the 

actual team situation and thus recognized the limitations of relying solely on personal 

observation. 

This recognition led the author to seek the cooperation of team members and to 

attempt multi-perspective internal observation aimed at eliciting their “another stories.” 

It should be noted that although the researcher was the team leader, this role was not part 

of upper management or executive leadership; it was one of a midlevel employee working 

on the operational front line. Thus, the researcher was simultaneously a practitioner, and 

the study was conducted from the perspective of internal observation, examining practical 

activities occurring within the team. 

The first purpose of this study is to identify and articulate practical 

methodologies effective in project environments through multi-perspective internal 

observation conducted by project members. The distinctive feature here is that project 

activities are examined from the multiple perspectives of those directly involved. This 

approach makes it possible to draw out each member’s “another story” and to build shared 

interpretations through consensus. The practical knowledge that proved effective for the 

project team therefore emerges as a collective understanding. While it is unlikely that this 

study will generate entirely new managerial knowledge, clarifying which forms of 

practical knowledge were useful to the members and specific to this project offers a path 

for reconstructing on-site methodologies for technology management, many of which 

have largely disappeared. This type of knowledge differs from the managerial insights 

derived from the macroscopic perspective of executives. 

The second purpose of this study is to demonstrate whether the multi-perspective 

internal observations reported here serve as motivators for transforming team members, 

including the author. Because the observations recorded in this study are made within a 

practitioner team, the insights are by definition “internal.” If one member voices a new 

perspective, the others have the opportunity to gain a deeper understanding of one 
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another’s motivations, leading to new team dynamics. These shifts, in turn, influence the 

member who originally spoke through others’ reactions and responses. Such reciprocal 

interactions are inseparable from the act of observation in multi-perspective internal 

observation. If these processes help motivate team members, they constitute motivation 

management. In this sense, the theoretical stance of internal observation—that observing 

is itself motivation management—extends to multi-perspective internal observation. If 

this approach is effective as motivation management, it may be applicable to project 

activities in other companies as well. 

In summary, the novelty and originality of this study lie in applying multi-

perspective internal observation to a project team. This approach enables the articulation 

of the practical knowledge that proves effective in the project environment while 

simultaneously functioning as motivation management for team members. 

The structure of this chapter is as follows. Section 4.2 introduces the theoretical 

framework for this study—internal observation, the theory of katari, related prior 

research, and theoretical perspectives on motivation. Section 4.3 outlines multi-

perspective internal observation and the specific research methods employed. Section 4.4 

presents the results of the multi-perspective internal observation, Section 4.5 discusses 

these findings in relation to the objectives of this study, and Section 4.6 concludes the 

chapter. 

 

4.2 Theoretical Framework 

4.2.1 Internal observation and the theory of katari 
The conceptual foundation of this study lies in field research framed by the observation-

oriented theory developed by Masuda (2007, 2013). Within this framework, Masuda 

introduced internal observation—originally articulated in the “theory of life” (Gunji 

2006)—as a research perspective for one’s own workplace. The premise suggests that the 

observer and the observed are not separate characters. However, the interactions and 

transactions between the roles alters the object of observation, which could either create 

bias or help the researcher overcome it. Hence, internal observation must clearly 

recognize that observations generate reciprocal transformations. In contrast, conventional 

participant observation assumes that the observer does not influence the research site. 

Masuda (2013) also developed the theory of katari as a conceptual tool for 

applying the theory of life to field research. Katari does not refer to narrative as 

understood in social constructionism; rather, it aligns with Boje’s (2001) idea of 

antenarrative that precedes a coherent story. According to Masuda (2007, 2013), the 
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linguistic act of katari creates a dynamic relational structure in which the katarite (teller), 

the kikite (listener), and the mono (that which is told) form a triadic relation of two 

elements mediated by a third. When the mono changes through katari, both katarite and 

kikite also change. This dynamic mirrors the continuous interplay between observation 

and the observed in internal observation, making katari an appropriate conceptual tool. 

Masuda (2013) further extended motivation research by grounding it in the 

theory of life. Moving beyond mechanistic and organismic models, he proposed a life-

theoretic approach based on an observation-oriented framework. Its defining claim is that 

motivation is not a preexisting internal resource but a relational emergence that arises in 

conjunction with events and actions. Motivation becomes most visible in nonroutine or 

unexpected situations, where it is discovered and constructed through action. This process 

of discovery = construction occurs through katari. Motivation is embedded in katari and 

made visible through it. Moreover, although field research seeks to clarify behavioral 

patterns and their origins in organizations, research conducted from an internal 

observation perspective inevitably influences those very patterns and origins. Thus, field 

research conducted through internal observation (and its tool, katari) is inherently an act 

that shapes the field—and this act is, in essence, motivation management. 

In the theory of katari, linguistic acts are organized into multiple modes based 

on temporal orientation and intentionality (Masuda 2007, 2013; Morishita and Masuda 

2018; Miyamoto and Masuda 2019). These modes provide an analytical lens for 

examining the quality of communication and the dynamics of interaction. In this study, 

applying these modes to the analysis allows a structural examination of how members’ 

recognition and emotions shifted through group discussions and how future-oriented 

katari emerges. The author also clarifies how multi-perspective internal observation 

functions as motivation management by analyzing the sequential transitions among these 

modes of katari. Table 4.1 summarizes the modes of katari identified in prior research. 
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Table 4.1. Modes of katari identified in prior research. 

Mode 
Temporal 

Orientation 
Intentionality 

Katari-kikase Past 
A mode in which a scripted story is told. This mode 

does not appear in the present study. 

Katari-naoshi Past 
A mode in which a recalled past is reinterpreted 

through present interactions. 

Katari-tsugi Past 

A mode oriented from the past toward the future, 

guiding the next generation through emergent 

linguistic acts. 

Katari-tsutae Past 
A mode in which past experiences are conveyed 

vividly, generating empathy in the listener. 

 Present 
A mode in which present situations are conveyed 

vividly, generating empathy in the listener. 

Katari-ai Present 
A mode of katari in which mutual understanding is 

already shared. 

Katari-awase Present 

A mode in which mutual understanding is not initially 

shared but a new katari emerges through the 

alignment of viewpoints. 

Katari-dashi Present 
A mode that leads to new actions within the present 

context. 

 Future 
A mode that creates a new future-oriented context 

and connects to katari-tsukuri. 

Katari-tsukuri Future 
A mode in which a future-oriented self is constructed 

and future actions are articulated. 

 

Source: Adapted and partially revised from Miyamoto and Masuda (2019), Table 2. 

 

Katari-kikase is a mode in which a narrative with a predetermined conclusion is 

delivered. It corresponds to authoritative discourse (Bakhtin 1975), where leaders or 

senior members convey their philosophies or hero narratives to junior members. In a 

multi-perspective internal observation conducted within a frontline team, as in this study, 

linguistic acts falling under katari-kikase do not appear. 

Katari-naoshi is a mode in which the meaning of past events is reconstructed 

through the intersection of multiple interpretations. When the same event comes to be 

understood differently, a transformation of recognition occurs—a “rewriting of the past.” 
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This resembles reframing therapy in psychotherapy and provides new contextual 

grounding for present and future actions. 

Katari-tsugi is a mode in which the past is carried forward as values and lessons 

that guide future decisions and actions rather than treated as mere recollection. 

Experiences become shared resources for the team and inform subsequent choices and 

behaviors. 

Katari-tsutae is a mode in which past or present experiences are conveyed 

vividly so that the listener can feel and understand them. Rather than reporting facts, it 

expresses emotions and concrete details that directly shape the listener’s understanding 

and feelings. Identified by Miyamoto and Masuda (2019), this mode plays an important 

role in building relationships within teams engaged in innovation. 

Katari-ai is a mode in which tellers and listeners already share an understanding 

of processes and experiences. Here, a deepened mutual perspective supports their 

relational stability and psychological safety. 

Katari-awase is a mode in which multiple tellers with different perceptions and 

interpretations can align their katari to build shared understanding. Unlike katari-ai, 

differences in understanding surface and are adjusted through dialogue. This process 

often generates updated meanings and new insights. 

Katari-dashi, identified by Morishita and Masuda (2018), is a mode in which a 

person shows a clear intention to participate actively and a willingness to act. It tends to 

reflect personal motivation and intrinsic drive. Although they also suggested that future-

oriented katari-dashi may lead to katari-tsukuri, concrete examples based on actual cases 

have not yet been reported. 

Katari-tsukuri is a mode in which concrete future actions and future-oriented 

self-conceptions are constructed based on earlier katari-awase or katari-dashi. It 

verbalizes direction toward the future and produces “seeds of future practice.” This mode 

is closely tied to the emergence of intrinsic motivation within organizational practice and 

represents the future-oriented phase in the chain transformation of katari. 

 

4.2.2 Previous studies using internal observation and the theory of 

katari 
Internal observation and the theory of katari, formalized by Masuda, have since 

developed into a methodological foundation for qualitative, practice-embedded research. 

Specific research methods include self-ethnography 1  (Alvesson 2003), in which 

 
1 The more general method of autoethnography (Ellis & Bochner 2000) focuses primarily on reflecting on 

one’s own experiences through autobiographical description. In contrast, self-ethnography (Alvesson 2003) 
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practitioners document team practices in real time, as well as interviews with project 

participants. The works introduced below—together with those cited in Section 4.1—

illustrate how internal observation and the theory of katari have been applied in prior 

studies. 

Masuda (2010) used the katari framework to analyze how polysilicato-iron 

developed within his company came to be accepted as a sustainability-oriented Reduce–

Reuse–Recycle material in both the waterworks and agriculture industries, showing how 

its value shifted contextually within managerial practice. Masuda (2014) examined a 

small company that recovered rapidly after the Great East Japan Earthquake and 

demonstrated that routine katari-tsugi played a critical role in crisis decision making. 

Kato and Masuda (2016), as noted earlier, conceptualized interfacilitation as a 

process in which members autonomously motivate one another without relying on a 

facilitator and showed that it functions as motivation management. Morishita and Masuda 

(2018) extended the theory by introducing katari-dashi and analyzed how practitioners 

entered a community of practice during early market research for new business 

development. Miyamoto and Masuda (2019) applied the theory of katari to a successful 

interdisciplinary technological development project and identified features of dialogic 

communication involved in innovation creation. 

Efforts have also been made to integrate internal observations with other field 

research approaches to broaden its theoretical scope. Fujiwara and Masuda (2015) 

proposed emergent business field research, which incorporates internal observation into 

developmental work research (Engeström 1991), and used it to examine the practical 

processes of corporate bootlegging. Kato and Masuda (2017) applied internal observation 

to new product concept development and, drawing on expansive learning theory 

(Engeström 1987), developed the Abstract–Action–Communication–Dialogue–Practice–

Community–Decision–Plan–Concept–Development–Product (ACDP) cycle as a 

conceptual model suited to real development environments. Goto and Masuda (2021) 

applied the emergent business field research method to a 27-year product development 

history in a research institute and identified previously unarticulated tacit knowledge, 

while also clarifying qualitative differences between practical knowledge that had been 

successfully inherited and that which had not. 

 

 
emphasizes not only the researcher’s experiences but also the organizational, social, and cultural contexts 

that shape them, and the two methods are therefore distinguished methodologically. In internal observation, 

because practitioners serve as researchers observing their own practice, they often adopt a self-ethnographic 

stance in which descriptions begin from the self while incorporating the surrounding situations and 

interactions. The descriptive framework used in this study follows this self-ethnographic approach. 
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4.2.3 Theoretical framework of motivation 
This study seeks to describe the process of problem solving in workplace settings through 

multi-perspective internal observation and to theorize the interactions and motivational 

phenomena that emerged among the members. Internal observation and the theory of 

katari (Masuda 2013), the core analytical frameworks of this study, already provide 

effective perspectives for examining how interactions arise and transform in practice. 

However, the motivational phenomena identified here involve multilayered 

psychological and social dynamics that cannot be fully explained by katari itself. 

This section expands the theoretical framework by introducing several related 

motivation theories, such as Deci’s theory of intrinsic motivation, Csikszentmihalyi’s 

flow theory, and Bakhtin’s dialogic and carnival theories. These theoretical perspectives 

help build the foundation for novel and useful understanding of motivational mechanisms 

in workspaces. 

 

4.2.3.1 Deci’s theory of intrinsic motivation and Csikszentmihalyi’s flow 

theory 

Intrinsic motivation refers to a psychological state in which people engage in activities 

for their own sake, rather than obtaining rewards or new obligations. Deci (1975) 

suggested these activities for which no obvious reward exists beyond the activity itself, 

explaining that people are driven by the desire to feel competent and self-determined 

through the activity. In this sense, intrinsic motivation is strongest when individuals value 

the activity itself and when the situation affords autonomy and a sense of effectiveness. 

Csikszentmihalyi’s (1990) flow theory describes a state of deep immersion in 

which individuals continue acting in a self-purposive manner. Flow emerges when 

challenges and skills are balanced and the activity provides clear feedback. In this state, 

concentration intensifies, peripheral concerns recede, and the experience becomes 

inherently rewarding. Recent organizational research (Kato and Masuda 2016) has 

viewed this status as a prototypical form of intrinsic motivation, indicating that it 

enhances creativity and problem-solving. 

 

4.2.3.2 Bakhtin’s dialogic theory and carnival theory 

The Russian philosopher Mikhail Bakhtin viewed language not as a fixed system with 

predetermined meanings but as one that dynamically manifests through the activity of 

communicating. According to Bakhtin (1975), words arise as organic responses from 

dialogue, manifesting from the interaction of multiple human words. Even when 

propositions may be deductively identical, meanings shift depending on the social and 
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cultural context. In meetings, which have a formal context, statements made by superiors 

are typically received as authoritative discourse. In informal contexts, the same content 

is more likely to be seen as internally persuasive discourse, which can result in a totally 

different understanding. This phenomenon is considered polyphonic, and its perspective 

of dialogue is essential for understanding how group communication affects individuals 

and organizations.  

Bakhtin (1965) extended this perspective into carnival theory, which examines 

the transformative power of extraordinary and unusual workspaces. Drawing on medieval 

European carnivals, he considered situations where everyday hierarchies and authority 

structures are temporarily suspended as capable of offering people a sense of freedom and 

equality: a carnival sense of the world. This worldview relativizes established truths and 

authority, resists fixity (a condition in which meanings, roles, norms, and authority 

structures become rigid, stable, and taken for granted), and opens a space in which 

creative thought emerges once constraint is lifted. Two elements are central to this 

worldview: the public square, where social ranks and roles are momentarily dissolved, 

enabling open and equal interaction; and the jester, who disrupts entrenched values 

through humor and paradox, offering alternative perspectives. 

Bakhtin’s dialogic and carnival theories together show how the settings in which 

language is produced shape its meaning and how the relativization of authority creates 

conditions for free and generative interaction. These perspectives demonstrate that 

communication within groups or organizations can be understood only by attending not 

just to what people say but also to the situations and relationships in which their utterances 

occur. 

 

4.3 Multi-Perspective Internal Observation and Specific 

Research Methods 

4.3.1 Multi-perspective internal observation 

In this study, the author proposes the multi-perspective internal observation concept, 

which extends internal observation to all team members. Conventional internal 

observation follows the practitioner = researcher framework, in which a single 

practitioner observes the organization and examines how the act of observing influences 

both the organization and the observer. According to internal observation theory, 

organizational members other than the researcher are also affected by being observed. 

These transformations arise from the interaction between the researcher’s observational 

acts and each member’s internal background—personal history, personality, and the path 
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that led them to the project. These internal backgrounds shift through day-to-day 

activities, much of which is not visible to the researcher. In this study, such unseen 

backgrounds and activities are referred to as each member’s “another story,” and they 

exert significant influence on team practice. 

Under traditional internal observation, however, a single researcher can perceive 

only the outcomes of interaction and cannot directly observe these “another stories.” If 

internal observation could be expanded to include these stories as objects of observation, 

team practice could be understood far more comprehensively. In conventional internal 

observation, the practitioner serves as the researcher; when internal observation is used 

to capture “another stories,” this one-to-one relationship expands into a view in which the 

practitioner team becomes the research team. In this expanded framework, team practice 

is observed from multiple perspectives by all members, and the effects of observation 

reflect back onto the team in multiple forms. The author therefore defines multi-

perspective internal observation (Figure 4.1) as internal observation extended to the 

whole team and implements it as a new form of organizational observation capable of 

capturing “another stories.” 
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Figure 4.1. Overview of multi-perspective internal observation. “Another stories” that 

cannot be observed from the viewpoint of a single researcher are captured through multi-

perspective internal observation, conducted from the team’s viewpoint. 
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The basic requirements of multi-perspective internal observation are: 

➢ Eliciting each member’s “another story” as fully as possible from their own 

perspective; and 

➢ Integrating these stories and building shared agreement among members. 

The primary significance of this approach is that it enables a broad understanding 

of practice grounded in “another stories,” making their effective elicitation essential. 

Equally important is the process of integrating these stories, as consensus building 

deepens the team’s understanding of its own practice. To meet the intent of multi-

perspective internal observation, the research method must therefore satisfy both 

conditions. 

As in conventional internal observation, “another stories” are elicited through 

katari and dynamically interact with team members. Consequently, field research 

conducted through multi-perspective internal observation functions as an act that 

generates change within the team and operates as motivation management. 

 

4.3.2 Specific research methods 
The project examined in this study had already been completed when this thesis was 

written; hence, no real-time records of practice (e.g., self-ethnography) were available. 

Consequently, there were no existing discourses on practical activity that could serve as 

research material. As such, the author conducted a postproject group discussion where 

members jointly recounted past events. 

Using this method, interactions naturally emerge among the group members, 

allowing recounted perceptions to be documented, allowing the team leader and others to 

perceive past events they had not witnessed first-hand. This differs from documented 

first-hand testimony as each member acts as an internal observer, recounting their 

activities and sharing perspectives, including their “another stories.” This approach 

mitigates bias that arises when internal observation is limited to one researcher’s 

viewpoint. Kato and Masuda (2016) referred to the motivational phenomenon generated 

through katari-awase as interfacilitation, and this concept is applied here to the group 

discussion used to review project practice. 

To satisfy the two conditions outlined in Section 4.3.1, the team conducted two 

group discussions designed as follows. The first discussion (D1) was held without the 

team leader and included only the other members. The team leader communicated the 

topics to be addressed beforehand but did not participate. In the absence of the leader, 

who normally serves as facilitator, the discussion proceeded through interfacilitation 
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among the members. This irregular setting, combined with interfacilitation, was expected 

to elicit “another stories” effectively and satisfy Condition 1. 

The second discussion (D2) included the team leader and was conducted based 

on the content of D1. While reflecting on D1, D2 aimed to satisfy Condition 2—

integrating “another stories” and building shared agreement within the team. After both 

D1 and D2, the team leader and the researcher external to the project team reviewed the 

discussion content and added managerial perspectives. In D2, the views of the researcher 

external to the project team on the content of D1 were also shared with the team. 

Through these two rounds of discussion and subsequent reflection, the author 

sought to emulate effective multi-perspective internal observation. An overview of the 

process used in this study is shown in Figure 4.2. 

 

 

Figure 4.2. Specific research methods for the multi-perspective internal observation 

conducted in this study. 
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4.4 Observation Results in Multi-Perspective Internal 

Observation 
4.4.1 Research participants 
The participants in this study comprised a four-member product development team, 

including the team leader. The scope included members from the initial concept proposal 

through to the formal launch of the project. Details of each member are presented in 

Table 4.2, and in the following sections each member is identified by the letters X, A, B, 

or C. The researcher external to the project team is referred to as Y. Members A, B, and 

C concurrently held other responsibilities outside the project and determined their own 

level of contribution at their discretion.

 

Table 4.2. Details of project members. Age and company tenure are fixed based on the 

date of the group discussion. 

Member Age 
Company 

Tenure 
Notes 

Author  

X 

Late 

thirties 
9 

Team leader of the product 

development project 

Technical Staff  

A 

Early 

thirties 
12 Responsible for the production process 

Sales Staff  

B 

Early 

thirties 
9 

Sales contact including predecessor 

products and market research; joined 

the company in the same year as X 

Technical Staff  

C 

Early 

twenties 
4 

Responsible for manufacturing 

predecessor products and managing 

processing operations 

 

This section describes the project background under examination. The purpose 

of the project was to develop a new product that compensated for weaknesses in the 

predecessor product. The informal team that preceded the formal project began in 2020 

with two members, including the author. The trigger was X’s creation of the technical 

concept and completion of the proof of principle, after which X and technical staff 

member A initiated preliminary studies to determine how the concept could be developed 

into a product. Shortly thereafter, B, the sales representative for the predecessor product, 

joined the effort. Based on the outcomes of these preliminary studies, the product 

development project was formally launched in 2021. 
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One year after the official start, however, the predecessor product was 

discontinued. As a result, C, the technical staff member previously responsible for that 

product, joined the project. The discontinuation created uncertainty about whether the 

development effort could continue, but the team persisted, managing internal 

coordination while resolving the challenges of product development. Two and a half years 

after the project’s launch, the new product was completed and released in 2024. Although 

the formal project ended at that point, the same members continued working as a product 

team, engaging in product improvement, manufacturing process development, and 

business activities. At the time of the investigation, the team had already achieved 

commercialization and was working toward further improvement and sales expansion. 

This project thus represents a practical setting of technical product development. 

The four members listed in Table 4.2 served as the core practitioners who played 

essential roles throughout the project. Although many stakeholders contributed, these four 

individuals were selected for multi-perspective internal observation because they directly 

engaged in field-level work and continually devised and adjusted methods on site. 

Each member had expertise in their assigned role, but none, including the team 

leader, had formal management training. Although X had experience in technical 

development, this was his first time leading an internal project team. Likewise, neither A, 

B, nor C regarded themselves as having a wealth of practical project management 

knowledge and experience. Therefore, the project’s success can be attributed to the steady 

accumulation of members’ interaction around a shared goal. 

As noted, the team conducted no formal reflection during the project period, and 

no discourse documenting their practical activities had been preserved. In this study, 

however, the author seeks to reconstruct those practices through multi-perspective 

internal observation conducted by the practitioners themselves. Given these 

characteristics, the project and its team members provide the author with a very suitable 

model for understanding the efficacy of multi-perspective internal observations. 

 

4.4.2 First group discussion (D1) 

4.4.2.1 Overview of the D1 investigation 

D1 was conducted by members A, B, and C without X. The session was recorded, and all 

participants were informed that the content would later be reviewed with Y and used 

solely for this study. All members consented. The author presented three themes and 

coordinated the session so that it functioned as a semistructured group discussion. 
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† Reflect on the circumstances under which you joined the team and recall that 

period. 

† Reconstruct the product development story from your own memory. 

† Describe how you now view and feel about the completed product 

development. 

Participants were also given the following requests: 

‡ Speak based only on memory (do not consult records). 

‡ Include the emotions you felt at the time. 

‡ Actively discuss matters the leader would not know, such as behind-the-scenes 

episodes. 

These semistructured guidelines were built to elicit people’s “another stories” 

and to promote further interaction. Indeed, this is central to multi-perspective internal 

observation, where, when practical topics arise, each member speaks from their own 

“another story” perspective (including memory, emotion, and behind-the-scenes 

experience). This tends to prompt similar levels of insight from others. These exchanges 

allow their “another stories” to interact dynamically. 

No time limit was set, but the audio recording indicates that the discussion lasted 

90 min. After transcription using generative language model (ChatGPT), the author 

reviewed the transcript and proceeded with analysis. Speaking ratios were A: 25%, B: 

45%, and C: 30%, indicating no significant imbalance. B’s slightly higher proportion 

likely reflects the numerical difference between technical staff (A and C) and the single 

sales staff member (B). 

The research results that follow comprise an overview of the discussion, 

individual member statements, and supplemental information relevant to those 

statements. During editing, care was taken to preserve the intent of each utterance. For 

incomplete expressions or self-corrections, wording was refined and sentences were 

reorganized within the same topical unit to improve readability, without altering their 

intended meaning. 

Although the discussion began with the three initial themes, it naturally 

broadened. When a member introduced a memorable incident, it became a new topic that 

prompted others to recall related practices and circumstances. 

To prepare the data for coding, each topic in D1 was assigned a label in the 

format, D1-x, where x denotes the topic number. These topics are summarized in 

Table 4.3. Each individual utterance within a labeled topic was assigned a sequential 

identifier using the D1-x-y format, where y reflects the order of the utterance. The same 
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approach was used in D2, with topics labeled D2-x and utterances labeled D2-x-y. This 

system ensured consistent referencing, traceability, and clarity in comparing narratives. 

 

Table 4.3. Topics discussed in the first group discussion. 

Numbering Topic 

D1-1 Project participation history 

D1-2 Development Challenge i 

D1-3 Development Challenge ii 

D1-4 Development Challenge iii 

D1-5 Sales Challenge 

D1-6 Motivation 

D1-7 Communication 

D1-8 Future prospects 

 

The topics identified in D1 are discussed next. Topic D1-1 proceeded as planned, 

with members commenting on how they joined the team. In reconstructing the product 

development story, three Development Challenges (i–iii) emerged spontaneously, 

although the author had recalled four. The remaining challenge was later discussed in D2-

1. Notably, the reflections captured in D1-2 through D1-5 closely matched X’s 

understanding, indicating remarkably high reproducibility. 

Topics D1-6, D1-7, and D1-8 related to the theme of “how members now see 

and feel about the completed development,” but their scope expanded to include analysis 

of team dynamics and prospects for future projects. These topics were therefore classified 

separately. Their emergence was entirely member driven, arising naturally through 

interaction during the discussion. 

 

4.4.2.2 [D1-1] Project participation history 

A had already been extremely busy, responsible for a wide range of tasks. He was single-

handedly operating one manufacturing process for another product and had no available 

time. Under these circumstances, his direct supervisor in the manufacturing division, 
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together with the section managers of both the manufacturing and development divisions, 

instructed him to take on this project as well. He recalled the situation as follows: 

A: Honestly, I had absolutely no time. I was told this would not be that hard, but 

from experience I knew things never go that smoothly, so I thought, well, I guess 

I have to brace myself for this. And to be honest, I even wondered, is something 

like this really going to sell? (D-1-1) 

With no real ability to decline, A joined the effort and began informal technical 

verification with X. He did not comment on the timing of the transition from the informal 

team to the formal product development project. 

B, meanwhile, was mainly responsible for sales in another product category but 

also handled part of the sales work for the predecessor product. At the time, sales for the 

predecessor product were managed by two people, including B. Although assigned to the 

current project, he initially regarded it as merely an extension of the predecessor product 

and took it only half seriously when it became a formal development project. Later, the 

other salesperson left, and without realizing it B had become the sole dedicated 

salesperson for both the predecessor product and the new project. He described the 

situation as follows: 

B: Since discussions about ending the predecessor product started around the 

same time as this project, I remember thinking, how long is this even going to 

last? (D-1-2) 

C had been responsible for manufacturing the predecessor product and was 

engaged in routine, repetitive tasks. When sales of the predecessor product ended, he 

suddenly had far more time available, and it was at that point that he was asked to join 

the project. Because he had found the manufacturing work for the predecessor product 

quite burdensome, he carried similar concerns into this new assignment. 

C: I was pretty tense about it. I kept wondering how much work it would be, and 

whether it would turn into something I’d have to be constantly tied to. (D-1-3) 

As these accounts show, A, B, and C joined the project under what Bakhtin 

(1975) would call authoritative motivation. In this discussion topic, because C joined the 

project later than the others, he asked A and B about their situations out of genuine 

interest. Their responses prompted both A and B to recount their own experiences from 
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that time. It also appeared that A and B were hearing each other’s joining “another stories” 

for the first time, and they spoke while actively recalling the circumstances of that period. 

 

4.4.2.3 [D1-2] Development challenge i 

Development Challenge i was the first issue addressed by X and A in the informal team. 

At the time, X was producing samples using the initial method he had devised, but defects 

occurred frequently, making it impossible to transition the method directly into a 

manufacturing process. X and A therefore worked closely to explore alternative 

approaches and eventually overcame this challenge. A and B recalled the situation as 

follows: 

A: I tried out an approach I had thought through on my own, and it worked 

surprisingly well. (...) Nobody in my division had any know-how, so it was tough 

to move forward alone. I reported my results to X, and he would give me 

feedback and advice, and we went back and forth like that. If I had been alone, 

I probably would have gotten stuck wondering what to do next. (D1-2-1) 

B: I think we were able to work really closely as a team, but once I stepped away 

from the team and went back to my own department, there was no one I could 

talk to about the development product. I just had to handle everything myself, 

and that was honestly pretty tough. (D1-2-2) 

The technology used in this development product was entirely different from 

that of the predecessor product. As a result, no one in A’s division had sufficient 

knowledge of it. For A, too, the technology was new, and he described overcoming 

Challenge i by internalizing the technology through close collaboration with X. B 

highlighted the psychological strain of having few colleagues to consult because the 

product under development was unfamiliar. Because the events A described occurred 

before B and C joined the project, both were hearing this information for the first time. 

Challenge i did not disappear entirely, and further improvement was achieved 

after C joined the project. Until then, A had been solely responsible for all manufacturing 

process development for the new product, but C’s participation allowed the two to divide 

tasks based on their respective areas of expertise. By examining one of the processes in 

depth, C was able to fully resolve Challenge i. A and C described the process as follows: 
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A: At the beginning, doing everything on my own was just too much. I said I 

wanted to reduce that burden, and C joined in, which made a huge difference. 

(D1-2-3) 

C: When I joined, they were talking about wanting to improve Challenge i. I was 

told something like, “You can just help out a bit,” but I thought there was no 

way it would be fixed like that, so I worked on improving it. The current process 

is based on listening to the ideas from X and A. (D1-2-4) 

Before C joined, A alone handled all development and execution of the 

manufacturing process. Because C specialized in a part of the process related to 

Challenge i, he was able to resolve the issue completely by improving the process that A 

had not been able to refine thoroughly on his own. 

 

4.4.2.4 [D1-3] Development challenge ii 

The discussion then turned to Development Challenge ii. This defect had been present 

since the early stages, and even after C joined the project, no clear path to a solution had 

been identified. To achieve a fundamental improvement, X, A, and C examined the 

phenomenon together and tested various countermeasures. Although new issues emerged 

temporarily during this process, all problems were ultimately resolved. The discussion of 

Challenge ii unfolded as follows. 

A: When I tried to figure out how to eliminate Challenge ii, I noticed that the 

shape originating from the old process seemed to be the cause. (...) I saw that 

another product was finished very cleanly, so I thought, why not just imitate that 

process? And when we tried it, it worked surprisingly well. (D1-3-1) 

C: The three of us were really excited working on it. We tried all kinds of things. 

There were other methods that looked like they might also solve Challenge ii, 

but in the end we settled on the one that was most efficient. (D1-3-2) 

B: This is the first time I’m hearing any of this. It sounds like you were having a 

lot of fun. I honestly think its better when we can work with that kind of freedom. 

(D1-3-3) 

C: There was that time when strange noise appeared, right? X told me it might 

be caused by residue from the tool we were using. So I went and improved all of 
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the tools, and that’s what we use now. And when you change one thing, 

something else pops up somewhere. (D1-3-4) 

The process by which X, A, and C worked through the challenge was vividly 

reconstructed through the exchange between A and C. Although B was hearing this 

information for the first time, he actively joined the conversation, prompting further 

elaboration from the others. 

 

4.4.2.5 [D1-4] Development challenge iii 

The discussion then moved to Development Challenge iii. This issue emerged in the final 

stage of product commercialization and was critical because it had the potential to affect 

the final product price. As a result, addressing it became an all-out effort that involved 

parties outside the company. Because A and C had limited experience coordinating with 

external organizations, X assumed the lead throughout the process. The members recalled 

the situation as follows. 

B: Wasn’t Challenge iii the toughest one? You were looking for all kinds of 

vendors, right? (D1-4-1) 

A: At first, I looked for options myself, involving people from other departments 

to see whether we could find something suitable, but because of the product 

specifications, there really weren’t many options that met the requirements. (D1-

4-2) 

C: We had meetings with the vendors that were listed for us to consider, and I 

was allowed to sit in on those meetings as well. (D1-4-3) 

A: What X was really particular about was the impact on the final product price. 

Honestly, I thought it would be fine if we just used something off the shelf that 

the vendor proposed. Even when I talked to people around me, they said things 

like, “That’s not something our department should be doing.” (...) But I came to 

realize that X’s insistence on that point was important. I learned that we really 

do have to consider those detailed cost implications. (D1-4-4) 

C: I learned a lot from that too. Like how you put out feelers to multiple places 

first, keep a backup plan running at the same time, and only make the final 

decision at the very end. Before hearing this, I thought there would be one option 
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decided from the start and that we should just focus on that one. I had never 

been involved in anything like that before. (D1-4-5) 

As A noted, there was originally a division responsible for external coordination, 

and company culture suggested that such matters should normally be handled by that 

group. However, because this was a new product with unique requirements, the existing 

division could not fully address the issue. The project team therefore assumed direct 

responsibility for negotiations. In this context, A and C reflected on how X worked 

intensively to minimize the impact on the final product price. Both stated that they learned 

from X’s approach and way of thinking toward Challenge iii. 

 

4.4.2.6 [D1-5] Sales challenge 

Alongside technical challenges, sales-related issues emerged as recurring topics. Because 

the new product differed significantly from the company’s existing array, it required a 

new business strategy. However, existing sales practices were deeply rooted, and not all 

newly proposed strategies could be implemented. For B, this meant bold actions were 

difficult to pursue. 

For example, most existing products followed a business-to-business model, 

with large transaction values that allowed for significant upfront investment before 

returns were realized. In contrast, the new product had a business-to-customer character, 

where the end user was the direct customer. As a result, opinions between this project and 

other departments did not always align regarding business strategy, and spending on sales 

activities was closely scrutinized. 

Compounding this, the termination of the predecessor product created an even 

stronger internal headwind. Despite these pressures, B and X worked closely together, 

taking every feasible step to advance the business strategy and ultimately bring the 

product to market. Many of the specific sales efforts—such as trade show exhibitions and 

internal and external negotiations—were unfamiliar with A and C and are recounted here 

in detail. 

A: X actually went out and met customers directly to gather feedback, right? 

(D1-5-1) 

B: Even though I am in sales, it is not easy for me to go all the way to the end 

users, so it was hard to grasp the real market situation. But X would give me 

technical insights from the user side, so I could build a solid understanding. That 
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really helped me explain things to people in my department in my own words. 

(D1-5-2) 

C: How is it actually going? (D1-5-3) 

B: The fact that we have a partner helping us develop the market already puts 

us in a good place. Right now, it is not about increasing sales. The priority is 

building the environment where sales can grow. We are steadily accumulating 

progress in the market development phase, so it is not something that can be 

evaluated by sales numbers alone. As for how the overall market will react, we 

need a bit more time before we know. (D1-5-4) 

A: Hearing that we are in that kind of phase helps me understand that what we 

are doing on our side also has meaning. (D1-5-5) 

C: After commercialization, since it is not selling in large numbers yet, without 

hearing this kind of explanation I honestly do not know what to think. (D1-5-6) 

B: We have been able to build a partnership structure that we could not achieve 

with the predecessor product. That alone is a major accomplishment. (D1-5-7) 

C: That is a big step forward. (D1-5-8) 

Because A and C did not have direct contact with customers, this portion of the 

discussion became a rare opportunity for them to understand the business conditions 

surrounding the product. Given that both the product and its business strategy differed 

fundamentally from anything the company had previously handled, B explained that sales 

results would not appear immediately, though steady groundwork was beginning to 

generate progress beneath the surface. Although A and C had felt uneasy about the 

postlaunch situation, they expressed understanding once they learned the project was still 

in a phase where visible sales outcomes could not yet be expected. 

 

4.4.2.7 [D1-6] Motivation 

Although the discussion topic was framed as “how members now see and feel about the 

project after its completion,” the conversation expanded to include spontaneous 

reflections on the characteristics and nature of the project and the team itself. Such 

comments arose throughout the session, and related statements are summarized here. 

Because they did not follow a systematic sequence, they are presented below in two 



93 

 

categories: motivation and team communication. The author begins with statements 

related to motivation. 

B: How do I feel about being in this team now… I’m actually having a pretty 

good time. (D1-6-1) 

A: For me, I’m genuinely glad I took on this project. I really leveled up. Nobody 

had done this before, but there was no real reason not to try. And because the 

product was relatively simple, the technical challenges were things I could 

handle myself and make work. In a way, the difficulty level was a really good 

match for me. (D1-6-2) 

B: It made me feel like, oh, we’re actually allowed to try things like this. (D1-6-

3) 

C: Being able to have that kind of mindset was huge. (D1-6-4) 

(...) 

B: Now that the product is out, do you personally feel like things are finished? 

(D1-6-5) 

C: No, honestly I don’t feel done at all. There are still way too many things left 

unresolved. (D1-6-6) 

A: If anything, it feels like things are just getting started. There’s still a ton left 

to do. (D1-6-7) 

B: Commercialization is not the goal. The real question is what we do to make 

it actually sell. We also need to continue improving it. And the fact that the 

technical members feel the same way is incredibly encouraging from a sales 

perspective. Commercialization is just one step. I feel like from the beginning it 

was never treated as the final goal, and that was really good. (D1-6-8) 

C: Back in the day, I used to think once the documentation was registered, the 

job was basically done. (D1-6-9) 

Because the project had ended, each member looked back positively on having 

participated. They noted that they learned to adopt a constructive, challenge-oriented 

mindset, which contributed to their own growth. Even at this stage, none of them felt the 
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project was finished, and all expressed a strong willingness to continue. However, as 

described, their initial motivation was not particularly high. These comments indicate that 

members’ motivation changed substantially over the course of the project. 

 

4.4.2.8 [D1-7] Communication 

This section presents statements related to communication. Here, the core topic is 

progress management. Throughout the project—and still today—the members meet 

roughly once a week to share updates and ongoing tasks. Because the team is small and 

each member inevitably works independently, these meetings serve as an open 

communication venue where members freely share feedback for collective review. 

Early in the project, their interactions occurred one-on-one between X and each 

member. Over time, A, C, and X began meeting together, and eventually B joined. This 

led to the establishment of a regular progress meeting that became the project’s central 

gathering. Although the technical and sales issues were generally shared, time constraints 

limited discussion of the concrete actions underlying each topic. A and C focused on 

technical work, while B handled sales, and although X communicated closely with both 

groups, many operational details remained unknown between the technical side (A, C, X) 

and the sales side (B, X). 

Members expressed the following thoughts about the progress meetings: 

B: I actually think the way we do progress management works really well. (D1-

7-1) 

A: Meeting once a week, keeping things simple… the visualization of tasks is 

great. The “To Do list” helps a lot. (D1-7-2) 

C: Breaking things down toward the larger goal makes everything easier to 

understand. (D1-7-3) 

A: What I really think X does well is balancing things. Like showing that we’ve 

made progress, but also pointing out where we still need to dig deeper. (D1-7-

4) 

B: And proper feedback always comes back. (D1-7-5) 

C: It becomes so clear what needs to be improved. Once you know what to fix, 

all you have to do is push toward it. Anytime we did something, X responded 

instantly with an evaluation. (D1-7-6) 
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A: Because X devoted himself to the development product and gave us quick 

feedback, I think that was a major factor in getting from development to 

commercialization so quickly. (D1-7-7) 

(...) 

C: Even a small amount of shared knowledge across everyone really makes 

things run smoother. Maybe it is only possible because we are such a small team. 

(D1-7-8) 

B: I feel like we really understand each other, and someone is always keeping 

an eye on the whole picture. Meeting regularly and sharing not only updates but 

the atmosphere and context of the moment is really valuable. (D1-7-9) 

A: Exactly. It genuinely feels like a team. But if we tried to use this same style 

for another project, I do not think it would work the same way. (D1-7-10) 

(...) 

A: X sends samples to all sorts of places and always shares the reactions with 

us. Thanks to that, I gradually started to feel that we were making something 

good. Without that feedback, I probably would have stayed doubtful the whole 

time. (D1-7-11) 

B: Getting so many kinds of feedback made me feel that what we are doing really 

has meaning. (D1-7-12) 

A: It made me feel that the time I was putting in actually mattered. Not knowing 

what your work means is the toughest thing. (D1-7-13) 

B: At first I was pretty skeptical, but hearing those stories helped me empathize 

and really commit. That seems important for the team to function. And 

interestingly, everyone has naturally fallen into that mindset. (D1-7-14) 

Through these exchanges, members reflected on how the project was managed 

and identified several success factors, including task segmentation, clear goal setting, and 

rapid feedback. Their statements consistently showed trust in X’s management approach 

during the weekly meetings. Members shared not only status updates but also the 

atmosphere surrounding their work, and they perceived themselves as a tightly connected 
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team with strong mutual understanding. They also noted that X’s steady feedback on 

external reactions and experiment results played a major role in sustaining their 

motivation. 

In addition to progress meetings, members discussed broader topics such as how 

the project concept was formed and how the project should be run: 

C: When X first explained the development product to me, he talked about the 

entire future outlook. The commercialization flow, the customer base, the 

business development. I remember thinking, he has thought this through so 

thoroughly. (D1-7-15) 

B: Because we made use of a lot of information from the predecessor product, 

X had already structured a solid business strategy and concept. I think we all 

partly resonated with it, like, yes, this makes sense. On the sales side, we 

supplemented key points and helped with ideation. We had a concept for the 

predecessor too, but the team back then struggled to steer things properly. (D1-

7-16) 

A: Having the predecessor as a reference was probably a big factor. (D1-7-17) 

B: Exactly. We are making use of the feedback from that time. We are not doing 

anything wasteful. It feels like everything is aligned toward moving in the right 

direction. (D1-7-18) 

(...) 

A: There are cases where development finishes and then someone says, okay, 

now hand it over, but we cannot mass produce it. Just because something worked 

once does not mean it is good enough. (D1-7-19) 

B: In that sense, X really understands that. If we cannot actually manufacture 

the product properly, it means nothing. And it is not like we are saying 

everything should be completed before handing it off. We just need an overlap 

between development and production readiness. (D1-7-20) 

A: That is why I really appreciated that X oversaw everything consistently from 

start to finish. (D1-7-21) 
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C: Even after commercialization, when we are mainly focused on production, he 

still listens to our opinions. (D1-7-22) 

Members seemed to appreciate how X incorporated lessons from failed product 

into the newconcept. He also did well in securing consensus among stakeholders and took 

responsibility for the product after commercialization. They recognized that the 

combination of these favorable elements helped sustain motivation and foster healthy 

communication within the team. Each member independently reflected that such 

conditions were essential to the project’s successful completion. 

 

4.4.2.9 [D1-8] Future prospects 

Finally, a topic not originally included in the agenda emerged during the discussion. Now 

that the initial product has been commercialized, a derivative product is being prototyped 

within the team, led primarily by C. Members voluntarily shared their thoughts on future 

prospects and expressed their impressions as follows. 

C: So what about the new product? I mean, is it supposed to be positioned as a 

kind of high-performance version? (D1-8-1) 

B: The new product will benefit from the foundation we have already built with 

the current one. (D1-8-2) 

A: If we keep moving at this pace, I think it will succeed. (D1-8-3) 

C: Anyway, I’ll just try making it first. From there, I’ll keep pushing it forward 

bit by bit. The technology behind this product seems like it could be used in lots 

of places. (D1-8-4) 

B: Yeah, I think it can be used for other applications too. (D1-8-5) 

A: Honestly, I also feel like it could work in various ways. Since we’ve developed 

this technology, it would be great if we could apply it to something else. (D1-8-

6) 

B: For now, we should focus on the current product, but I really hope we can 

take on those new directions in the future. (D1-8-7) 
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In this exchange, members reaffirmed their intended development goals and 

expressed positive perspectives on achieving them. They also expressed the desire to 

leverage extant technological capabilities and extend them to other applications. 

 

4.4.3 Second group discussion (D2) 

4.4.3.1 Overview of the D2 investigation 

D2 was conducted with all members present, including X. As in D1, the discussion was 

recorded, and all members consented to its use solely for this study, with the 

understanding that the recording would later be reviewed with Y. In D2, several topics 

were raised based on the findings from D1, and members were encouraged to speak freely 

about each. Because X had already discussed the D1 results with Y, D2 also behaved as 

a venue for reporting the discussions. The D2 topics are summarized in Table 4.4. 

 

Table 4.4. Topics discussed in the second group discussion. 

Numbering Topic 

D2-1 
Review of D1  

Development Challenge iv 

D2-2 Team cohesion 

D2-3 Changes in motivation 

 

According to the audio recording, the session lasted 115 min, with B departing 

at around the 105-min mark. As in D1, members’ statements were transcribed and used 

for analysis. Notably, the share of statements was X: 57%, A: 13%, B: 12%, and C: 18%, 

indicating that X accounted for more than half of the narrative. This distribution reflects 

X’s role as project leader and discussion facilitator, as well as the fact that approximately 

40% of X’s statements consisted of reporting on D1. A small portion of the transcript 

(about 5%) consisted of digressions and anecdotal remarks, which were included in the 

word count. In contrast, the proportions of statements among the nonleader members were 

roughly comparable. 

 

4.4.3.2 [D2-1] Reviews of D1 and development challenge iv 

D2 began with a review of D1. X first highlighted the high reproducibility of the 

reconstructed development story and expressed surprise that members had reflected on 

the team itself, going beyond the originally planned topics. X then thanked the members 
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for their cooperation in D1 and for the motivation they expressed toward the ongoing 

project. The “another stories” extracted from D1 (Section 4.5.1.1) and the discussion 

between X and Y regarding D1 (corresponding to Sections 4.5.2 and 4.5.3) were also 

shared. Through this review, members confirmed that there were no discrepancies in their 

understanding of the D1 results. 

When X asked about Development Challenge iv, which had not emerged in D1, 

the members explained that they had simply forgotten it. The group then collectively 

revisited that challenge. 

X: I thought the development story we reconstructed was pretty comprehensive, 

but did we forget to talk about Development Challenge iv? (D2-1-1) 

A and C: Yeah, we thought the same thing. (D2-1-2) 

X: Is there anything you remember about Development Challenge iv? (D2-1-3) 

A: At first we used the equipment that was readily available, but defects kept 

showing up. So we went on business trips to check out different options, hoping 

we could find some way to fix it. (D2-1-4) 

B: Going on business trips as a customer is actually pretty fun. Sales trips have 

a completely different kind of enjoyment. (D2-1-5) 

(...) 

X: Unfortunately, everything we tested on that trip failed. But I remembered 

that, years ago, we tried a completely different machine and it had seemed 

promising. When we tried that one again, the defects disappeared. (D2-1-6) 

C: That was lucky. If we hadn’t had that option, I think we would’ve given up. 

(D2-1-7) 

In addressing Development Challenge iv, X, A, and C took several business trips 

to evaluate new equipment, and episodes from those experiences were shared in the 

discussion. Because A and C rarely traveled outside the company due to the nature of 

their technical roles, these trips provided valuable opportunities to gather external 

information and observe equipment demonstrations. In contrast, B frequently traveled 

with X for external coordination. The discussion therefore broadened into a wider 

reflection on external interactions. Ultimately, it became clear that Challenge iv was 
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resolved because X recalled past experimental experience that fortuitously led to a viable 

solution. 

 

4.4.3.3 [D2-2] Team cohesion 

In D1-7, A had noted that the team felt a strong sense of unity. To explore how that unity 

developed, members were asked to reflect again on the process. 

X: I’d like to know what led you to feel that a sense of unity had emerged. For 

example, was it the way we communicated? If anything comes to mind, let me 

know. (D2-2-1) 

C: I think it comes down to having a shared sense of purpose. You feel the goal, 

you move toward it, and the results come back to you. It builds up over time. 

(D2-2-2) 

X: I see. But goal setting itself is something most teams probably do. (D2-2-3) 

B: Maybe so, but even if a goal is set, whether people actually empathize with it 

is… I think that sense of ownership probably comes from empathy or something 

similar. (D2-2-4) 

A: I feel like the number of people might matter. In my department, nine of us 

meet weekly for process discussions, and I really feel a sense of unity there. (D2-

2-5) 

C: But that is because that group gets along well. Even with a small group, you 

don’t always have that sense of unity. (D2-2-6) 

X: So it’s not about team size? (D2-2-7) 

A: Maybe it is the so-called “small talk”? Everyone says what they want, then 

once that’s done, we share updates and give each other advice. (D2-2-8) 

B: Yeah, I used to have a different project where we had a 30-minute check-in 

every morning, and there was a lot of casual talk. It felt very cohesive. That 

environment is similar to this one. (D2-2-9) 

(...) 
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A: If X were not someone who talks a lot, we probably wouldn’t even have these 

meetings in the first place. (D2-2-10) 

X: Communicating with emotion matters. It can be about private things or about 

work. (D2-2-11) 

A: Whether we can joke around makes a difference. (D2-2-12) 

C: In the end it all comes back to psychological comfort. More people mean 

more eyes on you, which can make it harder to speak freely. (D2-2-13) 

B: Having people, you feel safe talking to really matters. (D2-2-14) 

Each member spontaneously shared personal views on what creates a sense of 

team unity. Ideas included a shared purpose, empathy, team size, and everyday casual 

conversation. As the discussion progressed, the group converged on the view that a 

condition resembling psychological safety was essential. Because members felt safe 

speaking openly, a sense of unity developed naturally. 

This led to comments about members’ first impressions of X. 

A: At first, I thought X wasn’t interested in anything outside of work. I felt like 

saying the wrong thing might be risky, so in the beginning, I reported things very 

plainly. (D2-2-15) 

C: My first interaction with X was in this room. I remember X speaking 

passionately, but even so, I still had this preconception that I shouldn’t say 

anything careless. (D2-2-16) 

X: Really? You felt that way? (D2-2-17) 

C: Yeah. I didn’t know how what I said would be taken. (D2-2-18) 

X: B never felt that way. (D2-2-19) 

B: Well, we joined the company the same year. (D2-2-20) 

Both A and C initially felt they should not speak carelessly to X. Although X 

had been mindful of his interactions from the beginning, psychological safety was not 

present at the outset. B, being X’s cohort, did not experience this distance. It therefore 
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appears that a meaningful amount of time was required before the team environment 

evolved into one where everyone felt comfortable speaking openly. 

 

4.4.3.4 [D2-3] Changes in motivation 

Although the members now view the team positively (D1-6), their motivation at the time 

they joined was not high (D1-1). To explore how their motivation changed, members 

reflected on contributing factors and key turning points. 

X: None of you were very positive about joining the project at first. Was there a 

turning point? Or was it more like you suddenly realized your mindset had 

changed? (D2-3-1) 

A: At the beginning, I had no starting point, and everything felt like a hassle. 

But this project had a lot of freedom. I could try anything, starting with 

something simple. As I made things and went through trial and error, the product 

gradually got better. What I made kept getting refined. That was really fun. (D2-

3-2) 

C: That is the essence of making things. (D2-3-3) 

X: So as you made progress, it started to feel fun? And through that work, you 

shifted from “being made to do it” to “doing it yourself”? (D2-3-4) 

A: Exactly. Seeing results improve was really rewarding. Until now, most of my 

work involved following instructions. I hardly ever reflected my own ideas in 

anything. (D2-3-5) 

C: I think I am similar to A. It is not that there was a specific turning point. It 

was through the work itself, seeing things gradually improve, that my mindset 

changed. (D2-3-6) 

X: You also mentioned that feedback was quick. You could immediately see the 

results, so you could run many short trial-and-error cycles. That kept motivation 

moving. (D2-3-7) 

A: Other product improvements can take months. Here, the speed was really 

helpful. (D2-3-8) 
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C: Whenever I do something, I want to know the results right away. Even if it is 

bad, I am satisfied because then I know I just need to revise it. How about you, 

B? (D2-3-9) 

B: I think I am close to A. When I had parts I could think through myself, it really 

got my adrenaline going. Even small things, like designing a flyer, thinking 

through it myself and talking with the team about it. That was great. I am not 

fully confident the company recognizes those efforts as results, but now that we 

finally have an environment where the product can sell, and I can have intense 

conversations with customers, my motivation has gone up. (D2-3-10) 

(...) 

X: At the beginning, everyone was pretty skeptical. In D1-8, you said the new 

product would likely succeed. Hearing you say that now makes me really glad. 

(D2-3-11) 

B: What I remember most is realizing that “it is okay to try things.” That really 

broke a lot of fixed assumptions for me. (D2-3-12) 

C: I felt that it was okay to do what I wanted to do. (D2-3-13) 

X: The fact that you shifted to thinking that way—and are now openly saying 

so—is a big change, even though I had sensed it already. (D2-3-14) 

The members reflected on what enabled their shift from having little motivation 

to feeling motivated. Their views were largely consistent: because the project allowed a 

high degree of freedom and encouraged trial and error based on their own ideas, they 

gradually came to enjoy the work. Their willingness to express strong motivation toward 

the new product in D1-8 stemmed from their recognition that this was a team in which 

they could experiment and progress autonomously. 

 

4.5 Discussion 

4.5.1 Extraction and integration of “another stories” 
4.5.1.1 Extraction of “another stories” 

From the perspective of extracting “another stories,” this section revisits D1. Although 

the initial aim was to uncover “another stories” unknown to leader X, the discussion 
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revealed that A, B, and C also held many “another stories” unknown to one another. By 

sharing and aligning these individual “another stories,” members gained a deeper 

understanding of each other and an opportunity to rediscover the meaning and 

significance of their own roles. The extraction of “another stories” is reviewed for each 

topic below. 

In D1-1, each member described the circumstances that led them to join the 

project and their initially low motivation. While X had sensed this lack of motivation, X 

did not know the detailed backgrounds. As seen in D1-1-1 through D1-1-3, A, B, and C 

expressed skepticism about participating in the project. The circumstances of A and B at 

the time of joining were unknowable to C, the last to join, unless C asked directly—and 

indeed C elicited these narratives. Likewise, A and B did not know each other’s joining 

stories and heard them for the first time in D1. Thus, these accounts functioned as 

“another stories” not only for X but for all members. 

D1-2, which concerns Development Challenge i, had been handled jointly by A 

and X, making the content completely new to B and C. Moreover, X had not fully 

understood how A felt during the period when A worked alone on the technical task, as 

expressed in D1-2-3. Early in the project, A and X worked only at an experimental level, 

without strict process management. As the project progressed, however, each process 

became more specialized, and A’s workload increased. X’s perception remained anchored 

in the early stage, preventing a full appreciation of A’s burden. This constituted, quite 

literally, unseen labor. 

In D1-3 (Development Challenge ii), X, A, and C experimented together, and X 

was familiar with nearly all aspects of the process. For B, however, the content was 

entirely new. A and C recreated the atmosphere of that period through their exchanges, 

conveying their experiences with a strong sense of presence. B joined in, prompting 

further storytelling from A and C. 

In D1-4 (Development Challenge iii), although X had taken the lead, the 

reflections revealed how A and C had felt at the time. As stated in D1-4-4, A had 

experienced a sense of resignation, but seeing X persist without compromise taught A the 

importance of cost. C likewise noted in D1-4-5 that C learned the value of running 

multiple plans in parallel to pursue the best outcome. X had worried that such insistence 

might have frustrated others and had not imagined that A and C viewed these efforts 

positively. 

D1-5 (Sales Challenge) was led by B and X, making its details normally 

inaccessible to A and C. B explained how he worked within existing business constraints 

while steadily building sales activities. Although X already understood this through daily 
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communication with B, comments such as D1-5-5 and D1-5-6 showed that the discussion 

helped reduce A and C’s anxieties. It also became clear that the product-development 

narratives reconstructed in D1-2 through D1-5 were highly reproducible and nearly 

identical to X’s recollection. X had not expected the members’ understanding to be so 

high and learned this only through D1. Because the members shared this depth of 

understanding, their narratives carried weight even for those who did not know the details, 

strengthening mutual interaction among “another stories.” 

D1-6 and D1-7 contained members’ spontaneous reflections on the project and 

team—content X had not anticipated. Their observations on team structure and 

management were points X rarely heard. The comments were largely positive, including 

satisfaction with having participated in the project (D1-6-1 through D1-6-4) and 

appreciation for the progress meetings (D1-7-1 through D1-7-14). While some 

differences toward X cannot be ruled out, hearing concrete views about aspects X had 

been unsure of was valuable. 

D1-8 also emerged spontaneously and consisted of future-oriented talk about the 

newly developing product. Members expressed positive impressions and showed 

eagerness to pursue further technical advancement. X had been concerned that members 

might have lost motivation once the main project concluded, particularly because new 

developments demanded additional effort. Seeing their enthusiasm renewed X’s 

motivation. In short, D1 contained “another stories” not only for X but also for A, B, and 

C. 

For the purpose of extracting “another stories,” D1 was conducted without X. 

Members served as their own facilitators, and their speaking time was nearly evenly 

distributed. This contrasted with D2, where X participated. Removing X made it easier 

for members to discuss topics that X knew but that they had never shared with each other. 

Thus, the “leader absent” condition effectively supported the extraction of “another 

stories.” The semistructured format provided thematic guidance while allowing 

discussion to expand beyond preset topics. The group discussion enabled real-time 

interaction, alignment of understanding, and the emergence of new “another stories” 

through mutual influence. A written questionnaire would not have enabled such 

interaction. Therefore, the semistructured, leader-absent group discussion implemented 

in D1 can be considered an effective method for extracting “another stories” from team 

members. 
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4.5.1.2 Integration of “another stories” 

D2 functioned as the process through which the “another stories” extracted in D1 were 

integrated by all members. In D2, the leader X also participated, reflecting on the D1 

results alongside X’s own “another stories,” while the team collectively discussed newly 

emerging questions and issues. 

The session began with an overview of the “another stories” extracted in D1, 

including X’s interpretation and the discussion between X and Y. This step integrated 

those “another stories” with X’s own, creating a shared understanding of how members’ 

perspectives had changed since their initial involvement and of the overall development 

trajectory. Missing elements, such as those addressed in D2-1, were supplemented 

through collective reflection. For X, A, and C, this meant revisiting content they already 

knew, whereas for B it constituted an “another story.” At the same time, B’s remarks 

(e.g., D2-1-5) introduced B’s perspective into the topic, generating reciprocal interaction 

among “another stories” similar to that observed in D1. 

As seen in D2-2 and D2-3, members then engaged in deeper discussions on 

topics of particular significance, strengthening their understanding of the team. In D2-2, 

they examined the origins of their sense of unity. Statements such as D2-2-1 through D2-

2-9 show how members exchanged views and responded actively to one another, 

ultimately arriving at a collectively satisfying conclusion, as reflected in D2-2-10 through 

D2-2-14. In D2-3, they revisited how their motivation had changed over time. Although 

each member described their motivation as having risen gradually (D2-3-2, D2-3-6, D2-

3-10), articulating these experiences in their own words deepened individual 

understanding and established shared recognition of the process across the team. 

In sum, D2, conducted with all members present, enabled the integration of the 

“another stories” extracted in D1 and supported consensus formation regarding the team’s 

practical activities. The two group discussions demonstrated the two essential 

components of multi-perspective internal observation. D1 showed that team members 

observe practical activity from their own perspectives and that each member’s “another 

stories” can be fully elicited. Together, D1 and D2 achieved the integration of these 

stories through dialogic alignment and the establishment of shared conclusions about 

practical activity as research findings. Through this study, the concrete procedures used 

in D1 and D2 were shown to function as an effective approach for realizing multi-

perspective internal observation.  
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4.5.2 Practical knowledge identified from the product 

development project 
4.5.2.1 Characteristics of the project and analytical perspectives 

Throughout the progression of this project, from initiation to completion, members’ 

conditions, interpersonal relationships, and the project structure changed markedly. 2 

Early communication consisted mainly of one-to-one exchanges (D1-2-1, D1-2-2), and 

no framework existed for viewing the project collectively. As the project advanced, 

however, weekly progress meetings were introduced (D1-7), evolving into a structure 

through which information, issues, and emotions were shared across the entire team. 

A comparable transformation occurred in members’ motivational states. In the 

early phase (D1-1-1 through D1-1-3), none of the members expressed strong enthusiasm; 

skepticism and uncertainty were common. By contrast, at the time of project completion, 

members described themselves as working proactively with high motivation (D1-6-1 and 

D1-6-2). This reflects a substantial shift in motivational states over the course of the 

project. 

As described in Section 4.1, although each member entered the project with a 

different technical background, the team did not share specialized expertise in project 

management or in methods related to internal observation or practice-based research. The 

project therefore began in a “non-ideal state.” Despite the absence of explicit theories or 

models, members achieved the positive transformations noted above through locally 

emergent processes grounded in day-to-day practice. This is a defining characteristic of 

the project. 

This section examines how such state changes occurred through specific 

practical processes, addressing the central analytic question of this study. In doing so, it 

articulates the practical knowledge that proved effective in the actual context of the 

project, thereby fulfilling the study’s first objective. 

 

4.5.2.2 From individual exchanges to a multilayered team communication 

system 

In the early stages of the project, communication among members took the form of one-

to-one exchanges. When only X and A were working on the task, they “proceeded by 

communicating closely” (D1-2-1), and “the only person A could consult with was X” 

 
2 The concept also changed from its initial stage. Although X constructed the initial business strategy using 

information from the predecessor product (D1-1-1), the members did not fully agree with its direction at 

first (D1-1-2). However, roughly one year after the project began—when C joined—it was received as a 

concept that “made sense” (D1-7-15). This indicates that the concept evolved during the project into one 

that could be shared and accepted by all involved. 
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(D1-2-2). The community for technical discussion was therefore quite limited. This began 

to change when C joined. As seen in D1-2-4, D1-3-2, D1-3-4, and D2-1-4, collaborative 

technical work among A, C, and X emerged naturally, forming a localized community of 

practice. On the sales side, B and X jointly considered concrete measures (e.g., D1-5-2), 

establishing a separate communication channel for sales practice. Together, these 

episodes show that “highly immediate one-to-one communication,” enabling consultation 

and confirmation as needed, arose organically early in the project. Because these were 

informal field-level exchanges, they provided fertile ground for what Bakhtin (1975) calls 

“internally persuasive discourse,” which mediates mutual understanding. 

As these individual exchanges accumulated, members’ practices became 

increasingly concrete and complex, creating a need for a shared, bird’s-eye view of “who 

is working on what, and where each person is struggling.” In response, regular progress 

meetings emerged spontaneously. As described in D1-7-8 and D1-7-9, these meetings 

worked effectively for cross-member information sharing and gaining an overview of the 

whole project. In addition, D1-7-11 through D1-7-14 show how the results of technical 

trials and external reactions were shared, enabling members to situate their own practices 

within a broader context. Moreover, as suggested by D1-7-10, the meetings also 

functioned as a psychologically safe space that fostered a “sense of team” and allowed 

members to share “how they felt at the time” (D2-2-4, D2-2-13, D2-2-14). 

The nature of these meetings differed markedly from each member’s everyday 

practice, including interactions with external stakeholders. They correspond to the 

“extraordinary space” described by Bakhtin (1965), where members could be exposed to 

topics outside their own jurisdictions and influenced by others’ perspectives. For 

example, A’s technical practice normally lay outside B’s sales-related concerns. Yet 

when A shared his practice, B could respond from a different angle—as a kind of jester—

and initiate new forms of interaction. The progress meetings thus created a space where 

members could step away from daily constraints, interact on an equal footing, and 

experience a carnivalesque sense of the project world. 

A key factor enabling the continuity of these meetings was X’s consistent stance 

of actively engaging in conversation, as indicated in D2-2-10. Although A and C initially 

felt hesitant to speak freely with X (D2-2-15, D2-2-16), their impressions changed 

through daily one-to-one exchanges, and they came to view X as “someone they could 

consult.” This supports the observation that the progress meetings did not begin as a 

formal mechanism but emerged gradually as individual communication matured. The 

same pattern applied to the other members. As each became more willing to accept 
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interactions from new angles—and experienced that these interactions helped them 

overcome practical impasses—the meetings took shape as a team-level forum. 

In summary, the project developed a multilayered communication structure 

consisting of immediate, flexible one-to-one exchanges at the micro-level and progress 

meetings that provided a macro-level overview. Such a structure is particularly important 

in exploratory product-development projects. It enabled the team to continue generating 

rapid trials while maintaining team-level coherence. 

 

4.5.2.3 Acceleration of trial cycles through task decomposition and rapid 

feedback 

A notable feature of practice in this project is that multiple members described feeling 

able to “proceed at their own discretion” (for example, D1-2-1, D1-2-4, D1-3-1, D1-4-2, 

D1-5-2). In D2 as well, this discretionary quality was explicitly identified as a major 

source of motivation (D2-3). However, such discretion did not arise because X simply 

adopted a hands-off approach. The group discussion data contain several indications of 

how discretion gradually became established. 

For instance, A’s descriptions of work being “within my own capability” and of 

difficulty levels that “matched my level” (D1-6-2), together with comments that tasks had 

been “broken down” (D1-7-3) and set at a balanced level (D1-7-4), suggest that task 

decomposition and fine-grained segmentation were progressing in the field through daily 

one-to-one exchanges (as discussed in 5.2.2). In the early phase, members were unsure 

“where to start” (D2-3-11, D2-3-12), and X therefore needed to indicate “what to do 

next.” Yet these indications were not unilateral assignments. Rather, through ongoing 

conversations of the type “this part is difficult” and “then let us first try only this portion,” 

tasks were naturally decomposed through responsive dialogue. In this way, each task was 

reshaped into a “hurdle that could be cleared,” enabling members to set appropriate tasks 

for themselves and to feel “competent” as they overcame them. This aligns with 

Deci’s (1975) conceptualization of competence and self-determination. 

By the middle stage of the project, as seen in D2-3-5, members themselves had 

begun proposing ideas, with X responding to their initiatives. Task decomposition and 

discretion were thus not predesigned elements of a managerial scheme. They emerged as 

the natural outcome of X’s responses to members’ consultations and the evolving division 

of roles within the team. This emergent quality was also reflected in the progress 

meetings, where the team collectively shared, decomposed, and reframed tasks, and 

considered next actions from multiple perspectives. 
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Another factor accelerating task decomposition was that X was responsible for 

evaluating the performance of the new product. Because X was assigned exclusively to 

this project, it became possible to “return evaluation results as quickly as possible” for 

each member’s trials. A, B, and C described the feedback as arriving “almost instantly” 

(D1-7-6, D1-7-7). Such rapid feedback promoted successive trials and the resetting of 

tasks, thereby increasing the pace of the trial cycle. Quick feedback not only raised the 

number of trials but also enhanced motivation. Several comments (D2-3-2, D2-3-6) 

indicate that the accelerating accumulation of trials became a source of stimulation, 

deepening members’ immersion in their practice. This directly corresponds to the 

emergence of a flow state (Csikszentmihalyi, 1990) and served as a core source of 

intrinsic motivation. 

Through these mutually reinforcing processes of task decomposition and rapid 

feedback, members could maintain a continuous sense that “the next step is visible.” This 

structure did not result from a preplanned management intervention but emerged from 

practice. Over time, this accumulation elicited members’ autonomy and generated a 

dynamic of rising motivation. Similarly, the process functioned effectively only because 

it rested on the multilayered communication foundation described above. The coexistence 

of immediate, flexible one-to-one consultation (micro-level dialogue) and progress 

meetings that provided an overall project view (macro-level dialogue) allowed task 

decomposition and feedback to circulate smoothly and enabled members to adjust their 

actions to situational demands. 

 

4.5.2.4 Managerial significance of the practical knowledge identified 

through multi-perspective internal observation 

As described, this study extracted multiple forms of practical knowledge through multi-

perspective internal observation. Each instance of practical knowledge was formed in 

response to specific events and interactions that occurred during the project and was 

continually adjusted to fit the situation. Thus, these findings are not merely a list of 

effective behaviors. They are context-sensitive forms of knowing that emerged through 

trial and error in practice. 

It is important to note that these forms of practical knowledge arose and 

functioned only because certain team conditions were in place. Trust among members, 

mutual responsiveness, role awareness, and shared purpose had reached a sufficient level, 

and under these conditions the practical knowledge identified here could exert its intended 

effects and support the advancement of development activities. 
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Conversely, simply applying this practical knowledge in other settings where 

such conditions have not yet been established does not guarantee similar results. For 

example, the regular progress meetings that proved effective in this study might have 

generated burden or resistance had they been introduced at the very beginning of the 

project. In such a case, they may not have led to cooperative action based on members’ 

understanding and agreement. Applying practical knowledge without regard to its 

generative conditions can even be counterproductive. 

From this perspective, when attempting to apply practical knowledge to other 

projects or organizations, it is essential to examine background factors such as the 

maturity of the team, the quality of interpersonal relationships, and the nature of the tasks. 

Practical knowledge is inherently tied to the context in which it is generated. In this sense, 

it should not be viewed as something that can simply be transplanted but rather as 

something that must be regenerated through interaction with a specific local setting. 

This study serves as a case that unpacks the processes through which practical 

knowledge functions and clarifies the origins of that knowledge. Much of the practical 

knowledge identified here aligns, to varying degrees, with existing frameworks and 

concepts discussed in prior research. However, the value of this study does not lie in 

whether the content of the practical knowledge itself is novel. Rather, it lies in having 

illuminated how that knowledge actually arose in a real-world context and under what 

conditions it operated. In this sense, detailed observation and description through multi-

perspective internal observation help make visible the dynamics of practical knowledge 

generation in the field. 

 

4.5.3 Motivational management effects of multi-perspective 

internal observation 
4.5.3.1 Motivation moving toward a future orientation in D1 

The method of multi-perspective internal observation in this study extends the internal 

observation formulated by Masuda (2007, 2013) and is characterized by the fact that 

multiple members mutually become observers. Prior research has already demonstrated 

that internal observation possesses the feature that katari itself functions as motivational 

management. In this study, however, because a reciprocal setting was created through 

group discussion, motivational acts mediated by katari occurred in a chain-like manner. 

Below, the members’ statements in D1 are organized according to katari modes, and their 

motivational functions are examined. 

In the participation histories and development story (D1-1–D1-5), each member 

presents their own “another story,” corresponding to a typical past-oriented katari-tsutae 
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mode. Miyamoto and Masuda (2019) argue that katari-tsutae generates empathy and 

forms a relational foundation. In this group discussion, as members shared these 

experiences with one another for the first time, mutual understanding and empathy visibly 

deepened. 

The review of experiences that had already been shared between A and C (D1-

2–D1-4) unfolded in the katari-ai mode, but this same katari-ai simultaneously 

functioned as katari-tsutae for B. In other words, the same act of katari operated as 

different modes depending on the listener’s position and practical experience. While this 

multilayered functioning of katari is theoretically understood to occur universally within 

teams, prior research using the theory of katari has not sufficiently documented it. In this 

study, by incorporating each member’s perspective as an object of observation through 

multi-perspective internal observation, it became possible to identify this layered 

structure of katari modes in detail. 

In Development Challenge iii (D1-4), A and C described what they had learned 

from X’s stance toward the issue (D1-4-4, D1-4-5). This was not merely recollection, but 

a context in which past experience was connected to the present self and oriented toward 

future use, corresponding to katari-tsugi. X’s actions were reinterpreted by A and C and 

became part of the team’s learning process. 

In the Sales Challenge (D1-5), A and C initially interpreted the absence of sales 

negatively. However, through B’s explanations (D1-5-4, 5-6), this recognition shifted 

toward an understanding that “progress is occurring in the sales phase.” This process can 

be regarded as a “transformation of meaning” arising from katari-awase. Importantly, 

this shift generated a positive feeling—“we are doing something meaningful” (D1-5-5)—

and thus functioned directly as motivation. 

In the evaluation of team characteristics (D1-6–D1-7), members spontaneously 

articulated positive aspects of the team. This is a typical expression of the katari-dashi 

mode. Morishita and Masuda (2018) noted that katari-dashi may create new, future-

oriented contexts through new actions, but earlier studies have not clearly demonstrated 

this phenomenon. In this study, the shared recognition that “the project is still ongoing” 

prompted explicit statements such as “there is still a lot left to do” (D1-6-5 to 9), revealing 

a distinctly future-oriented katari-dashi. This represents the first documented case in 

which a theoretically assumed future-oriented katari-dashi has been empirically 

observed. 

In addition, statements such as “we felt that X continued to stay close to the 

members” (D1-7-19 to 22) generated empathy toward X’s stance in the current situation 

and therefore constitute present-oriented katari-tsutae rather than past-oriented. One 
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background factor underlying the katari-dashi discussed above may be that members 

genuinely felt this content of katari-tsutae in the present. 

The subsequent Future Prospects (D1-8) explicitly concerns future action and 

shifts to the katari-tsukuri mode. The sequential development of katari-dashi → katari-

tsukuri represents a process in which members, already in a motivated state, construct 

themselves toward the future. This sequence offers an empirical example of the 

mechanism proposed by Morishita and Masuda (2018). 

To summarize the katari modes in D1, the discussion exhibited moment-to-

moment shifts beginning with past-oriented katari-tsutae, moving to present-oriented 

katari-ai and katari-awase, and then to future-oriented katari-dashi. It further progressed 

to katari-tsukuri, in which members verbalized concrete future actions. This chain of 

modes emerged through changes in both katari content and the roles of “tellers” and 

“listeners” within internal observation. Importantly, the transformations that initiated this 

chain were triggered by “another stories” embedded in the katari. The katari of “another 

stories”—content that each member heard for the first time—constituted non-everyday 

and unexpected situations. In the theory of katari, such situations serve as cues for 

questioning motivation. The interaction of katari, in which “another stories” elicit further 

“another stories,” induced a chain-like development of katari modes, and within this 

process each member’s motivation became manifest. 

In other words, D1, which intentionally sought to elicit “another stories,” 

functioned as motivational management for the team and simultaneously served as a 

catalyst that enabled motivation to unfold smoothly. Furthermore, the setting of D1 

created an extraordinary situation due to the absence of the leader, producing for each 

member a carnivalesque sense of the world (Bakhtin, 1965) in which they were 

temporarily freed from everyday interactions with the leader. 

In this way, the conditions of D1 and the “another stories” expressed there 

provided many nonroutine experiences for the members, inducing interfacilitation and 

mutual motivation. Miyamoto and Masuda (2019) also identified similar operative 

communication in another innovation-creation project, although in their case the research 

design contrasted with this study using interview surveys and the presence of an external 

facilitator. 

Moreover, the future-oriented transformations in katari modes observed in D1 

produced a meaningful shift even for X, who was not physically present in the katari 

setting. X had no direct access to how each member felt. Learning that each member had 

been motivated by the project led X to feel “motivated in turn to keep working hard.” 

Although this is not an immediate effect, it can be interpreted as a present-oriented katari-
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tsutae through which X’s recognition changed based on katari concerning the team’s 

current state. 

 

4.5.3.2 Motivation through active recognition change in D2 

D2 unfolded as a discussion that built on the shared understanding and relationships 

formed in D1. It involved reconfirming the content of D1, reconstructing the previously 

omitted Development Challenge iv, exploring the sources of team cohesion, and 

clarifying changes in motivation. As in D1, the statements in D2 are organized using 

katari modes to illuminate how they functioned motivationally. 

At the beginning of D2-1, the content of D1 was reviewed. This process involved 

members mutually confirming that no discrepancies existed in their interpretations of the 

prior discussion. Because this review was grounded in shared understanding, it 

corresponds to katari-ai; however, its distinguishing feature is that members engaged in 

interactive confirmation of interpretive alignment rather than merely exchanging 

information. 

Next, X presented supplementary insights based on discussions between X and 

Y. This constitutes past-oriented katari-tsutae, in which X conveys prior knowledge to 

evoke empathy. Similarly, because X introduced new perspectives on D1 that members 

had not previously considered, these statements also functioned as katari-naoshi, altering 

members’ existing interpretations. The forgotten Development Challenge iv surfaced in 

this flow of discussion. Triggered by X’s remarks (D2-1-1), A and C recalled the issue 

(D2-1-2), and A, C, and X jointly reconstructed their earlier experiences—an instance of 

katari-ai. For B, who had not participated in Challenge iv, this same katari-ai operated 

as katari-tsutae, and B received it with empathy (D2-1-5). As in D1, a single katari 

simultaneously manifested in multiple modes depending on the listener’s position. 

In the discussion of team cohesion (D2-2), katari statements by A, B, and C 

stimulated one another. Members proposed factors such as shared purpose, empathy, 

group size, and informal conversation. Despite some differences in viewpoint, the 

discussion progressed and ultimately converged on psychological safety. This is a typical 

katari-awase mode. Through this katari-awase, members arrived at a shared 

understanding of the basis of team cohesion, further deepening their insight into team 

dynamics. Related to this, when members spoke about X’s characteristics (D2-2-15 to 

20), A and C revealed their initial impressions of X, and X received these disclosures 

with surprise. Because psychological safety had not existed at the project’s outset, X had 

consciously exercised care in communication, but this caution inadvertently created an 
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atmosphere in which A and C felt they “should not say the wrong thing.” These 

statements thus functioned as katari-naoshi, correcting X’s prior assumptions. 

In the katari concerning motivational change (D2-3), members articulated 

internal histories that X had not recognized, and the discussion traced detailed 

fluctuations and transformations in their motivation. This process involved reconstructing 

“another stories” unknown to X and, because many aspects had not been mutually shared 

among the members, it operated as katari-awase. Through this katari-awase, elements 

previously identified in D1-6 and D1-7 were brought together, deepening the team’s 

collective understanding of motivational transitions and making visible the accelerated 

trial cycle and motivational growth described in 4.5.2.3. Moreover, X’s commentary on 

D1-8 (D2-3-11) served as katari-naoshi, reactivating the future-oriented katari-tsukuri 

from D1 and renewing its meaning in the present context. X’s evaluation that members 

came to feel “we are allowed to try things” (D2-3-14) reframed their recognition and 

granted it new significance. 

Unlike D1, D2 featured frequent occurrences of katari-naoshi and katari-awase. 

This is natural given that D2 aimed to integrate “another stories,” making retrospective 

katari-naoshi and supplemental katari-awase central processes. Both modes transform 

the listener’s existing katari—past or present—and in D2 all members updated their 

“another stories” and their interpretations of the project. Through these exchanges, 

members renewed their understanding of both the project and one another, producing 

expressions of confidence such as “I can try anything” (D2-3-2) and “I am allowed to do 

it” (D2-3-12). Thus, D2 provided motivational effects through katari modes that actively 

transformed recognition, functioning in a manner distinct from the mode transitions that 

generated motivation in D1. 

In summary, this study demonstrates that in both the extraction of “another 

stories” (D1) and their integration (D2), different katari modes interacted in complex 

ways to mutually motivate team members. This shows that multi-perspective internal 

observation—an extension of internal observation—operates as motivation management 

for team members, thereby fulfilling the second purpose of this study. 

 

4.6 Conclusion 

In this chapter, a managerial analysis of team practices in a product development project 

was conducted using multi-perspective internal observation. The distinctive feature of 

this study lies in extending conventional internal observation by expanding the role of 

observer to the entire team, thereby enabling the elicitation and integration of each 
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member’s “another story” and allowing team practices to be examined from multiple 

perspectives. 

The analysis drew on two group discussions: D1, a leader-absent session 

designed to elicit “another stories,” and D2, a full-member discussion aimed at integrating 

them. Through these discussions, several forms of practical knowledge surfaced from 

concrete events and interactions during the project, including the formation of a 

multilayered communication system and the acceleration of trial cycles through task 

decomposition and rapid feedback. These forms of practical knowledge were not 

predetermined but were dynamically adjusted as the project evolved, and their generative 

processes were clarified through the analysis. 

Furthermore, examining D1 and D2 through the theoretical framework of katari 

revealed characteristic katari modes. “Another stories” triggered chains of katari that 

linked past, present, and future, while integrative discussions actively transformed 

members’ interpretations and understandings. This demonstrates that multi-perspective 

internal observation functioned not only as a research method for identifying practical 

knowledge but also as a form of motivation management that fostered mutual 

understanding and engagement among team members. 

In summary, this chapter elucidated the practical knowledge, its emergence 

process, and the motivational dynamics embedded in a product development project 

through multi-perspective internal observation. These findings offer valuable insights not 

only for product development efforts but also for broader team-based activities and on-

site management in organizational settings. 
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Chapter 5.  

 

Concluding Remarks 
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5.1. General Conclusion 

5.1.1. Technological contribution 

The technical contribution of this study lies in systematically demonstrating the 

technological foundation of thin-section- and matrix-free MSI, as well as the extensibility 

to thin-section-free MALDI-MSI, using a transfer plate composed of a platinum-coated 

porous body, with the aim of reducing the burden of sample preparation in MSI. 

Chapter 2 demonstrates that thin-section- and matrix-free SALDI-MSI can be 

realized using a transfer plate consisting of a porous plate formed of glass beads and a 

platinum layer deposited on one side. The transfer plate combines sufficient mechanical 

strength to withstand the transfer pressure with a porous structure capable of absorbing 

sample-derived solvents, thereby enabling stable transfer regardless of the wetness of the 

sample. In addition, the platinum layer provides both ionization functionality based on 

SALDI and electrical conductivity, allowing the transfer plate to be used directly with 

commercially available MALDI-TOFMS. Consequently, a simplified MSI workflow 

without matrix application was achieved, with the advantage of avoiding matrix-derived 

background peaks in the low-mass region. Nevertheless, the results presented in Chapter 

2 indicate that SALDI-MSI has limited sensitivity to certain classes of molecules, 

including anthocyanins. Accordingly, Chapter 3 investigates the feasibility of combining 

MALDI with thin-section-free MSI using a transfer plate. 

In Chapter 3, strawberry cross sections were employed as a model sample, and 

an experimental design was adopted in which SALDI-MSI measurements were first 

performed on the same transferred sample, followed by matrix application and subsequent 

MALDI-MSI analysis. This approach enabled a direct comparison between SALDI-MSI 

and MALDI-MSI under conditions that eliminated variability arising from the transfer 

process. The ion images of metabolites such as hexose, citric acid, and sucrose obtained 

by both techniques showed qualitative agreement, and subsequent matrix spraying did 

not cause any substantial delocalization in the MALDI-MSI results. Furthermore, 

anthocyanins, which are difficult to detect by SALDI-MSI, were successfully visualized 

by MALDI-MSI on a transfer plate, demonstrating that the molecular coverage can be 

effectively expanded within a thin-section-free MSI framework based on the transfer 

plate. 

When consolidated, the results of Chapters 2 and 3 demonstrate that the transfer 

plate not only enables straightforward thin-section-free sampling but also serves as a 

versatile MSI platform on which different ionization modalities, such as SALDI and 
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MALDI, can be employed in combination. The technical insights obtained in this study 

provide a foundation for expanding the applicability of MSI and lowering the barrier 

associated with sample preparation, thereby offering an important basis for the future 

development of diverse MSI applications. 

 

5.1.2. Managerial contribution 

The managerial contribution of this study lies in demonstrating that the introduction of 

multi-perspective internal observation enables a deeper understanding of team practices 

and motivational dynamics in product development research. 

In Chapter 4, multi-perspective internal observation is implemented through the 

analysis of two sessions of group discussion conducted by the same team under different 

conditions: D1, conducted without the team leader; and D2, conducted with the team 

leader present. The analysis revealed the process by which the team members’ previously 

undocumented “another stories” were integrated through dialogue and ultimately 

converged into a common understanding. Furthermore, the results show that the team 

acquired two forms of practical knowledge through multi-perspective internal 

observation. The first was a multilayered team communication system and the second 

was the acceleration of trial cycles achieved through task decomposition and rapid 

feedback. Multi-perspective internal observation also made it possible to visualize how 

these forms of practical knowledge were acquired by the team from the perspective of 

integrating “another stories”. Understanding the background and processes through which 

practical knowledge emerges constitutes important insight into introducing and utilizing 

practical knowledge in project management at the operational level. In addition, multi-

perspective internal observation promoted the reorganization of meanings that members 

had attributed to past events (katari-naoshi) and generated future-oriented katari (katari-

tsukuri). The act of engaging in multi-perspective internal observation itself functioned 

as a source of motivation for the team, serving to corroborate the theoretical stance on 

internal observation which stipulates that observation equals motivation. 

The multi-perspective internal observation approach adopted in this study was 

based primarily on two sessions of group discussions conducted by the same team and 

their subsequent analysis, without requiring specialized expertise or advanced skills. In 

this respect, the proposed approach is not limited to the present case but can be positioned 

as a methodology applicable to the analysis of a wide range of team activities and project 

contexts. 
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5.1.3. Business practices 

The transfer plate served as the central theme of the new business practice, through which 

the author executed a series of phases, including idea generation, solution verification, 

business plan formulation, and business launch. As described in Section 1.4, the transfer 

plate was identified as a technological solution originating from a clear motivation to 

address customer requirements that had been expressed for DIUTHAME. Subsequently, 

the transfer plate was positioned as a product development project. Following the author’s 

enrollment in GPI in 2022, the project advanced through the resolution of multiple 

technical challenges and the certification processes required for commercialization, 

leading to its launch in the Japanese market in January 2024 under the product name 

Poropare  (Figure 5.1). Furthermore, as of the doctoral thesis examination in February 

2026, work on the transfer plate continues as an ongoing business within the author’s 

affiliated company. 

 

 

Figure 5.1. (A) Product brochure for the transfer plate. (B) Conference exhibition of the 

transfer plate. 

 

As also noted in Section 1.5, MSI is an analytical technique that fundamentally 

applies photonic technologies at the core of its desorption and ionization processes and is 

therefore closely related to the development of the photonics industry. From this 
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perspective, the transfer plate can be positioned as a technology that promotes the further 

social implementation of MSI and as a business practice that contributes to the creation 

of new photonics industries. 

The technical and managerial research presented in this study was conducted 

entirely as part of the business practice activities related to transfer plates. Technical 

investigations constitute concrete and case-specific technological studies within MSI; 

however, they are also positioned as practical processes for idea generation and solution 

verification embedded in new business practices. In parallel, this study advances the 

managerial perspective by demonstrating the effectiveness of a methodological approach 

that extracts practical knowledge from actual product development settings and applies 

multi-perspective internal observation as a framework for motivational management. This 

effectiveness was verified through its application in the product development phase 

analysis. The analytical concepts employed in this study are not dependent on a single 

case, but are generally applicable to a wide range of new business creation contexts. 

Accordingly, Chapters 2 and 3 focus on technical investigations corresponding to the 

solution verification phase, whereas Chapter 4 analyzes the practices of the product 

development project team during the business launch phase. 

This doctoral thesis does not comprehensively describe all phases of the new 

business practice. Prior to establishing the platinum-coated porous body formed of glass 

beads as a transfer plate, multiple stages of idea generation and verification were 

undertaken. However, the details of these activities are confidential and are therefore not 

included in this thesis. In addition, the business scale and specific business plans related 

to the transfer plate are based on customer data owned by the author’s affiliated company 

and thus cannot be disclosed in a publicly available doctoral dissertation. Under these 

constraints, this thesis focuses on the core technical verification and managerial analysis 

of new business practices within a scope that can be made public. 

 

5.1.4. Overall conclusion 

The major objective of this study was to acquire practical academic knowledge in both 

technology and management through the practical product development process of 

transfer plates, thereby contributing to the creation of new photonics industries. From a 

technical perspective, the study fulfilled its technical research objective by demonstrating 

the technological principles of the transfer plate for MSI and verified its applicability to 

thin-section-free MSI, including its extensibility to MALDI-MSI. These results establish 

a concrete foundation for reducing the burden of MSI sample preparation and for 
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expanding MSI applications. From a managerial standpoint, this study achieved its 

managerial research objective by analyzing the management of the product development 

team through multi-perspective internal observation and elucidating the practical 

methodologies and motivational processes involved. This analysis clarified how practical 

knowledge emerges within a team and how observation functions as motivation 

management at the operational level. These technological and managerial achievements 

were obtained in the context of a new business development activity that progressed from 

problem identification to product launch and continued operations within a technology-

driven company. By integrating technological achievements, managerial insight, and 

business practice within a single research framework, this doctoral study presents a 

concrete model of photonics-driven industrial creation grounded in practical product 

development. 

 

5.2. Future Perspectives 

Building on the technological and managerial progress achieved in this doctoral study, 

several issues have emerged that warrant further investigation. 

From a technological perspective, these issues include the reproducibility of the 

transfer operation, adaptation to higher spatial resolution, depth of analyte information 

obtained through the transfer process, and further improvements in sensitivity. In this 

study, spatial resolution was defined based on the diameter of the glass beads constituting 

the transfer plate (approximately 50 μm), and MSI measurements at spatial scales larger 

than this value were discussed. In practical measurements, however, it is necessary to 

consider not only the limitations imposed by the structure of the transfer medium itself 

but also the fluctuations inherent to the transfer operation. Further examination is required 

to determine the extent to which the molecular information from different depths of the 

sample surface is reflected in the transferred analytes. These issues are closely related to 

the reproducibility of the transfer process, and should be addressed in conjunction with 

the establishment of reliable transfer protocols. When aiming for a higher spatial 

resolution, improvements in both the transfer operation and the intrinsic spatial resolution 

limit of the transfer medium are required. With respect to sensitivity, although the 

feasibility of combining the transfer plate with MALDI was demonstrated in this study, 

it remains desirable to further enhancement of the intrinsic sensitivity of the transfer plate 

itself is required to preserve the original advantages of thin-section- and matrix-free MSI. 

Continued efforts to address these technological issues are essential for meeting the 

emerging user needs for transfer plates, and related investigations and developments are 

currently ongoing. 
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From a managerial perspective, several issues must be examined through 

continuous application and verification. First, a comparative analysis of the method 

employed in this study—two sessions of group discussion to elicit “another stories”—

against alternative approaches is required. For example, a comparison with methods 

based on written questionnaires to collect “another stories” would provide valuable 

methodological insights. In addition, because multi-perspective internal observation is 

designed as a team-wide reflective practice, its applicability to different team sizes 

warrants further consideration. While the present study involved a team of four members, 

it remains unclear whether the same approach would be effective for larger teams, such 

as those consisting of ten members, or whether subdividing teams into smaller groups 

would be more appropriate. Furthermore, the effectiveness of multi-perspective internal 

observation is likely to depend on team characteristics such as the degree of familiarity 

or distance among members. Accumulating and examining application cases across 

diverse teams is necessary to clarify how such attributes influence the outcomes of multi-

perspective internal observation. These managerial issues will be continuously examined 

through the author’s future participation in and observation of various project teams. 

The author’s affiliated company has traditionally focused on developing and 

selling photodetectors and light sources as its primary business. In this context, the 

transfer plate represents a new business that differs substantially from the company’s 

existing operations in terms of technology, business models, and target customer base. In 

today’s rapidly changing business environment, product diversification and 

diversification of business models are of critical importance for corporate survival. New 

business practices such as transfer plates constitute an important challenge for 

technology-driven companies, and continued engagement in such practices is required. 

Finally, the author hope that this doctoral thesis, even in a modest way, will deepen the 

readers’ understanding and help cultivate a greater number of individuals who will take 

on the challenge of creating new industries, including those in photonics. 


