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ABSTRACT Software development methods have been evolved to enable producing usable systems rapidly
while considering all requirements. Several studies have focused on the need to balance between rapid
development and capturing requirements related to user experience and business workflow. This balance has
becomemore urging during COVID19 because many businesses want to quickly transfer to usable electronic
systems that are accurate, efficient, easy to learn, satisfy users and support remote work. Therefore, this paper
proposes a framework by integrating Rapid Application Development (RAD) method with Participatory
Design (PD) method for enabling rapid production of usable systems. Both RAD and PD consist of design
stages that can overlap and generate new phases where users participate in the design process and accelerate
the production. Five usability tests are also added to the framework to validate the usability of the design
at all stages. The Action Research method is used to assess the framework empirically in a context of an
urgent need to an electronic system, and qualitative data analyses were conducted. The results show that the
framework can be adopted by software companies because it satisfies the requirements of adopting software
development methods. Also, the system developed using the framework is usable. The paper concludes that
COVID19 affects software development by emphasizing rapid development while maintaining workflow.
Also, using video conference for remote design assists in meeting users more frequently and in creating
concise requirement documentation.
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INDEX TERMS COVID19, participatory design, rapid application development, software development
methods, usability testing.

I. INTRODUCTION19

COVID19 has affected all life aspects while lockdown poli-20

cies and restrictions on movement caused a sharp jump21

in the use of digital technologies in different domains [1].22

COVID19 has made the need to remote work clearer than23

ever. In fact, the lockdown left many businesses floundering24

due to the non-existence of systems supporting remote work.25

This has caused much financial loss to companies and put26

them in a critical situation trading off between health and27

business. In many countries, businesses depend on either28

traditional paper-based systems or on electronic on-site sys-29

The associate editor coordinating the review of this manuscript and

approving it for publication was Derek Abbott .

tems, and during COVID19, they have started to look for 30

solutions to cope with urgent emerging work conditions. This 31

motivates software development companies, who also suffer 32

from work conditions imposed by COVID19, for producing 33

solutions that enables work under pandemics. To enable rapid 34

production, these companies shifted their development meth- 35

ods from slow methods, such as waterfall, to faster methods 36

such as agile. Unfortunately, the fast development of new 37

electronic systems worsened the situation because they do not 38

fit with workflow and require complicated professional skills 39

and security measure adding new burdens to businesses. 40

The new work environment caused by COVID19 has made 41

the need for rapid development methods that can captures 42

all requirements stronger than before. Traditional methods, 43
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e.g. waterfall, collects requirements without involving users44

in the design, while Participatory Design (PD) overcomes45

old methods shortcomings by putting users in the center of46

the design process [2], [3], [4], [5]. However, both usually47

take long development time, [6], [7], [8]. The other methods48

enabling fast development usually do not capture all require-49

ment details, e.g. Rapid Application Development method50

(RAD) [6]. The agile method, which is the most common51

now, was invented to enable the interaction with users for bet-52

ter requirements collection while building software rapidly53

[9], [10]. However, agile based methods are still criticized for54

not being able to understand the user point-of-view and the55

context of use [10], [11], and for not focusing on documenta-56

tions which can be necessary for further development [6]. For57

overcoming these drawbacks, end-users should be involved in58

all development stages through user centered agile software59

development approach [10]. But, there is a lack of empirical60

studies as evidence of the success of this approach [10].61

Moreover, the shift to work from home during COVID19 has62

reduced the possibilities to interact with users and analyze63

their work context effectively.64

Therefore, this paper proposes an integration of software65

methods for enabling rapid development of software and66

capturing all user and work requirements, particularly during67

COVID19. The proposed integration utilizes RAD for the fast68

development and PD for user collaboration in the design pro-69

cess and capturing all details in the work context. We found70

that these two methods contain development stages that can71

overlap for strengthening their advantages and reducing their72

drawbacks. Also, we added usability testing for enabling73

verification and validation of system design along all stages.74

We refer to the integrated framework as RAPD.75

To find empirical results, we used the action research76

method because it assists in examining a specific problem77

in a specific context and proposing solutions to that prob-78

lem [12]. So, action research assisted us in examining RAPD79

practically by applying it to a context consisting of a soft-80

ware company and Jericho Central Vegetable Market which81

needed electronic systems urgently. The market includes dif-82

ferent auctioning shops who receive farmers’ products and83

sell them to traders who distribute the products to other84

cities. We also tested RAPD during mobility constraints by85

designing through video conference. We also interviewed86

the company manager, development team and end users to87

collect data related to their perspectives about RAPD, the88

development process and the final product. Qualitative and89

quantitative analyses were also conducted to assess RAPD in90

terms of factor influencing its adoption in the company and91

its usability in the workplace.92

The results of the action research show that the integration93

of RAD and PD was successful from the company perspec-94

tive and user perspective. The company stated that RAPD95

allows for rapid development with the required documen-96

tations and efficient team management. More importantly,97

RAPD organized the interaction between the development98

team and end-users in a way that is cooperative, creates99

concise user stories, eliminates conflicts and reduces post- 100

development modifications. We found that RAPD satisfies 101

the factors stated in [13] and [14] that enable the adoption in 102

the company. The users stated that they accepted the system 103

developed using RPAD because it supports remote work, and 104

it is a usable system satisfying all factors affecting usability 105

stated in [15] and [16]. Both, the company and the users stated 106

that participating in the design even through video conference 107

was time-saving and effective design process. They were able 108

to make design meeting at homes more frequent, review and 109

refine the design, and focus on the important elements with- 110

out including unnecessary conversations. This research also 111

found that COVID19 has affected the software development 112

process and created a need for methods that focus on the new 113

work style while urgently responding to the crisis. 114

The contributions of the paper can be summarized as: 115

- A Rapid Application Participatory Development 116

(RAPD) framework which integrates RAD, PD and 117

usability testing methods for the development of usable 118

software that addresses user and work requirements, 119

- Application and Evaluation of RAPD through action 120

research in an important domain, 121

- Qualitative analyses identifying the factors effecting the 122

usability of new software methods used for software 123

development during crisis from the company and end- 124

user perspectives, 125

- Post-crisis quantitative analyses identifying the usability 126

of RAPD as a development method and the usability of 127

the system developed by RAPD. 128

The rest of the paper is organized as follows: Section II 129

presents the theoretical background, Section III explains the 130

methodology, Section IV presents and discusses the results, 131

Section V presents the limitations of the research, Section VI 132

concludes the paper. 133

II. THEORETICAL BACKGROUND 134

COVID19 has imposed new challenges to the software devel- 135

opment by creating a critical situation for businesses due to 136

new work environment. This situation has forced businesses 137

to search for electronic systems that can be employed quickly 138

and support remote work while maintaining workflow. This 139

situation has also forced software development companies to 140

search for methods that balance between rapid development 141

and addressing all requirements. Therefore, the design frame- 142

work proposed in this paper integrates three fundamental 143

methods that are Rapid Application Development (RAD), 144

Participatory Design (PD) and usability testing. These meth- 145

ods were successfully used in [17], but the integration details 146

and influence of these methods on the development team and 147

end users were not discussed. 148

A. RAPID APPLICATION DEVELOPMENT (RAD) 149

RAD is one of the agile software development framework 150

and was found to allow developers to build high quality 151

applications rapidly and iteratively [7]. In contrast to older 152

methods, such as waterfall models, RAD involves iterative 153
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process during all software development four stages: require-154

ments planning, user design, construction, and cutover [18].155

Iterative development means creating increasingly functional156

versions of a system in short development cycles. Each ver-157

sion is revised with the end user to produce requirements158

that feed the next version. The process is repeated until all159

functionalities have been developed. In fact, RAD process160

consists of four stages [18], [19]:161

1- Requirement planning stage: The designers meet with162

clients and form a team to analyze requirements, iden-163

tify all entities, draw action diagrams, and define all164

interactions between functions and data.165

2- Joint application development (JAD): the team revises166

the requirements for determining the core ones, devel-167

ops the entities collected in the requirements planning168

into a data model and diagrams, develops test plans,169

and creates layouts and design for the system based on170

object oriented programming.171

3- Construction stage: the team iteratively develops and172

tests the system, refines the requirements until the173

system is complete. The developers convert the data174

model into a functional prototype which is tested by the175

construction team using test scripts developed in JAD.176

During this stage, the designers meet also with users to177

refine the design.178

4- Implementation stage: the system in deployed and the179

end users are trained on using the system.180

Recently, RAD has been used for developing different181

applications that are based on mobile and cloud computing182

(e.g. [20], [21], [22]). In [20], RAD was used for developing183

a tool for electronic design automation. In [21] and [22], RAD184

was used for developing applications for prayer education and185

Islamic calendar. Extended versions of RADwere introduced186

for developing safety applications [23], [24]. An application187

to track suicide risks was developed in [24].188

Although users are involved in the four stages, RAD allow189

users to only participate in the technical issues of the design190

and consequently non-functional requirements are not cap-191

tured effectively [6], [7], [8]. While, user needs to explore192

other social, organizational and job issues to allow capturing193

all workflow details. Therefore, some attempts were made194

to make RAD focus more on user involvement for better195

requirements elicitation [23], [24], but empirical evidence is196

still needed, particularly from project management point of197

view. Further, RAD does not fully advise on how to build a198

project plan, set up a team, manage user-developer relations199

and document each design step [7], [8]. RAD, as other agile200

methods, is also criticized due to the lack of documentations,201

and this would make tracing changes during development or202

adding new components after development more difficult [6].203

B. PARTICIPATORY DESIGN (PD)204

PD allows for user participation in designing computer205

systems by creating intimate social atmosphere between206

end-users and developers [25], [26]. So, PD is a user centered207

design method in which users express their requirements208

for building software that is usable [4], user friendly and 209

fits well with user culture, age, educational background and 210

communities [27], [28], [29], [31]. Designers interacts with 211

users through design meetings, interviews and participa- 212

tory observation for collecting requirements and evaluating 213

designs. The design process in PD passes through three main 214

stages [26]: 215

1- Pre-design stage: designers and users decide the project 216

plan, objectives and schedule, and they select represen- 217

tatives to perform the coming design tasks. 218

2- Requirement analysis and design stage: this stage is 219

divided into three sub-stages: 220

- Stage 2-A: designers and user representatives ana- 221

lyze the organizational workflow and feed the 222

design with the output resulting from data col- 223

lection and analysis. Documents are created to 224

maintain the focus of all participants in the design 225

process. 226

- Stage 2-B: Then, developers build a prototype 227

based on the earlier analysis, and each update is 228

also documented. 229

- Stage 2-C: After that, further technical issues are 230

determined and the design can be revised to include 231

new technologies. 232

3- Post-design stage: the prototype is implemented and 233

tested against the project plan and objectives. The final 234

specifications are also identified and documented. 235

PD has been used for developing different applications 236

[27], [28], [29], [31]. In [27], PD was used for developing a 237

system for clinical protocol writing. In [28] and [31], PD was 238

used in the education domain for building an academic dash- 239

board and mobile learning systems. In [29], PD was used in 240

the entertainment domain to develop an interactive TV system 241

for elderly people. In [30], PD was used for developing an 242

information system in Ethiopia for rural communities. 243

However, PD is criticized because it neither provides a 244

fully specified design process [32] nor structured and sys- 245

tematic assessment of the design concepts [33]. Therefore, 246

PD requires integration with other practical development 247

methods, such as RAD and agile, to achieve a sufficient influ- 248

ence on information system applications [5], [8]. PD also can 249

be integrated with usability testing methods to enable assess- 250

ing products at each stage effectively [33]. Also, PD puts 251

emphasis on the early systems development phases which 252

delays production of ready-to-use system and causes design 253

sessions to consume much time [34]. 254

C. USABILITY TESTING 255

The usability testing is borrowed from usability engineering 256

and allows users to perform real tasks so that they can evaluate 257

each developed block, and this helps developers produce 258

a ready to use system earlier [35], [36]. In each develop- 259

ment cycle, user problems, preferences, suggestions andwork 260

practices are applied, and a new design cycle will be issues 261

if further design changes are needed [37]. Usability testing 262
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includes different types of tests which are performed during263

different design stages [38]:264

1- The exploratory test is carried out early to test prelimi-265

nary design concepts,266

2- the prototype test is used during requirements gathering267

to provide iterative feedback into evolving design of268

prototypes or systems,269

3- the validation test is conducted to ensure that completed270

software products are acceptable regarding predefined271

acceptance measures,272

4- the comparison test is conducted at any stage to com-273

pare design alternatives or possible solutions.274

The beauty of usability testing is that it can be integrated275

with different software development methods. For example,276

RAD is integrated with usability testing for developing web-277

sites as in [24], [39], and [40].278

III. METHODOLOGY279

In this research, we focus on solving the critical situation280

created by COVID19 for businesses by developing an elec-281

tronic system that supports remote work and workflow in the282

business. As suggested by [13], when a software development283

method that is appropriate for a particular situation can not284

be found, compatible methods can be combined and used285

to develop a software. So, our solution includes integrating286

different software development methods so that the produced287

system can fit with the business requirements and can be288

accepted by users. But, would the integrated framework be289

adopted by the software development company, and would it290

be able to develop a usable system that satisfies users?291

To answer these questions, we used the Action Research292

(AR) methodology. AR supports the seeking of improve-293

ments by solving real-life practical problem, and conse-294

quently it emphasizes the application of good practices and295

contributes to building new theories [12]. We used AR to296

investigate how RAD, PD and usability testing can be inte-297

grated and applied to real world practical problem. Therefore,298

AR enables the integration of RAD and PD by building a299

framework that shows how they work together and applying300

the integration to improve the context of digitization and301

remote work. Also, AR focuses on understanding how tasks302

are performed and why [41], so the researchers cooperates303

with a software development company and clients for ana-304

lyzing tasks at the client side, and how these tasks can be305

digitized at the company side. This also enables testing the306

product through the entire development life, and the product307

is designed to be as usable as passible by adding usability308

testing at all design stages.309

During the AR process, qualitative approaches including310

interviews and observations were used to determine if the new311

integrated framework is smoothly adopted by the company.312

So, we analyzed the factors affecting the adoption of the313

new framework focusing on factors stated in the literature.314

These factors include delivery time, cost of development,315

incorporation of changing requirements, size of team and316

communication with users [13]. Other classical factors also317

show that an innovative solution should be compatible with 318

existing skills and practices, triable where results are exper- 319

imented without extra effort and expenses, simple and used 320

with low complexity, observable where results can be seen, 321

and technically superior to its predecessors [14]. We also 322

analyzed the factors affecting the acceptance of users to the 323

systems developed by the integrated framework. We focus 324

on the usability of websites as we aim to support remote 325

work during crisis through web interface. Website usability 326

include efficiency, learnability, memorability, accuracy and 327

satisfactions [15]. We also focus on user satisfaction since 328

we aim to make the system acceptable. User satisfaction can 329

be measured by the website ease of use, content, delay, and 330

customization [16]. 331

The theory of AR states that the solution of a specific 332

problem for the sake of any situation improvement requires 333

understanding on both the real-world context and the meth- 334

ods used for achieving the improvements. So, this section 335

presents the context in which AR is used, and the activities 336

performed to understand the context and build a practical 337

solution to the problem in the context. This section also 338

explains the actions that should be made to integrate RAD, 339

PD, and usability testing for producing a product that is usable 340

and accepted by end users. 341

A. RESEARCH CONTEXT 342

The research context includes the company which is respon- 343

sible for developing the software and the market which needs 344

the software. 345

1) THE COMPANY 346

We refer to the name of the software company which partici- 347

pated in the research and in the development as ‘the company’ 348

to ensure anonymity. The company is a software development 349

company located in Palestine and started this business in 350

2003. The company produced several software products and 351

participated in transforming the local commercial and finan- 352

cial business from paper-based systems to electronics sys- 353

tems. The company business size is small due to the limited 354

software market in Palestine. In 2017, the company shifted its 355

work from developing desktop applications to cloud services, 356

and started focusing on software services. 357

The company previously depended on the waterfall soft- 358

ware engineering method for developing most of its prod- 359

ucts. The company has started to adopt agile frameworks, 360

mainly RAD, due to its simplicity compared to other agile 361

frameworks. Also, RAD can be an answer to call for software 362

solutions that support remote work due to the COVID19 363

pandemic. In the last three years, the company started to add 364

PD to the development process, and PD was brought to the 365

company by the manager who lived and worked in software 366

development in other countries. The managers decided to use 367

PD as the company found that RAD alone did not capture 368

all requirements and the detailed workflow and therefore, the 369

company had to perform extra RAD cycles to add new tasks 370

to products and fix bugs. 371
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To perform the development through the action research,372

the company allocated a team for managing the development373

process, and the team includes: a manager for signing con-374

tracts and participate in setting up plans, schedules and objec-375

tives; designers whose jobs focus on collecting requirements,376

designing prototypes, testing and validations; and developers377

who converts designs to working prototypes and products. All378

team members are familiar with RAD and usability testing,379

but PD was new to them. At the beginning of the research, the380

manager met with client side managers and agreed on work381

principles, trust, and mutual benefits. The team agreed on382

commitment to the design principles and ethical practices par-383

ticularly because the PD involves collaborative interactions,384

verbal communications, sharing knowledge and maintaining385

client artifacts, such as user stories and other documents.386

2) JERICHO CENTRAL VEGETABLE MARKET387

Jericho Central Vegetable Market is the client who has a spe-388

cial context that needs practical improvement. Each county in389

Palestine has a vegetable market that is responsible for buy-390

ing vegetables and fruits products from farmers and selling391

them to traders who distribute these products to other places.392

Jericho Central Vegetable Market which consists of several393

auctioning shops, and each shop contains employees mainly394

auctioneers, accountants and managers. The business model395

in this market depends on that each shop inside the market396

provides annual funding for farmers to enable them buy397

plants, water, electricity, fertilizer, irrigation pipes, plastic,398

and other materials. Farmers pay back funds after selling their399

products to traders through the auctioning shop who also gets400

a commission for each transaction. Also, the auctioning shops401

have contracts with supply stores to provide farmers with402

all needed materials. This market was selected because the403

auctioning shops urgently needed a commercial and financial404

software that supports remote work during the COVID19405

pandemic.406

B. INITIAL RESEARCH PROCESS407

The research started by investigating the work environment408

by the company manager and designers. This investigation409

process lasted one week in which workflow observations and410

12 semi-structured interviews were performed. They shared411

the recorded interviews, observations and artifacts with other412

designers and developers. The recorded materials were tran-413

scribed and analyzed.414

The analysis of the targeted market showed that it has415

some distinguishing characteristics. The work culture where416

clients in the vegetable market have always emerging require-417

ments due to the changing work conditions, they do not have418

sufficient computer skills, and they do not accept computer419

systems that bring new workflow. This was clear because420

at least four computer accounting systems were bought and421

only used for a short time. Evidence in literature shows that a422

large number of software in developing countries fail to give423

the desired results [42], [43], [44], [45]. The clients in the424

vegetable market justified that by the inability to deal with425

new workflow imposed by new software. They stated that 426

farmers, traders, and other suppliers will be confused when 427

shifting from the existing work style, which they are used to, 428

to another style. These results agree with those in [46] about 429

software that fits with the industrial countries may not suit the 430

developing ones. While investigating this case, we found that 431

clients, farmers, traders, and suppliers want the same format 432

of bills, financial balance, and other documents. The clients 433

stated that is more useful if the company let them participate 434

in the design. 435

On the other hand, clients insist to see a prototype as fast 436

as possible for two reasons: they want to ensure that their 437

requirements are satisfied before paying any money for the 438

software producers, they find learning a complete system very 439

difficult so they prefer a step by step training learning fashion. 440

The need for rapid development is also emphasized during 441

crisis such as COVID19 which has imposed restrictions on 442

the market as shop workers, farmers and traders can not 443

meet face to face inside the shops to discuss transactions, 444

billing, and payments. These processes usually depend on a 445

long discussion between all parties and include paper printing 446

of all documents. For example, farmers and traders always 447

request paper bills containing all transactions of that day. So, 448

all these processes have to be transformed to digital format 449

during COVID19. 450

These findings were shared with the clients, and again 451

the company and the clients agreed on these finding and 452

decided to start the development of the software. The com- 453

pany explained that the framework, which will be used during 454

the development, requires the client participation and involve- 455

ment, and users agreed on that. 456

C. RAPD FRAMEWORK: METHODS INTEGRATION 457

The company team formulate the software development 458

framework that will be used in the context based on the AR 459

theory and on the initial process findings. The team names the 460

framework ‘Rapid Application Participatory Development’ 461

(RAPD) because it integrates both RAD and PD by overlap- 462

ping the design stages so that advantages are strengthened 463

and disadvantages are eliminated. Also, RAPD allows adding 464

testing at any design stage. 465

1) RAPD STAGE 1 466

RAD requirements analysis stage is integrated with PD pre- 467

design stage and PD stage 2-A to form RAPD stage 1. In this 468

stage, designers and users determines objectives, plans, and 469

schedules, and they form a team of designers and user rep- 470

resentatives to collect the requirements, identify all entities 471

and draw all diagrams and interactions between functions and 472

data. To avoid delay in this task, a team leader is selected 473

to coordinate tasks among other team members who are 474

divided into members for collecting requirements, members 475

for putting the initial designs and diagrams, members for 476

documenting all details, and others for reviewing related 477

projects and using similar features for the new design. 478
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FIGURE 1. RAPD stage 1, its input, activities and output.

FIGURE 2. RAPD stage 2, its input, activities and output.

This stage is accompanied by exploratory testing for testing479

the collected requirements, observations and other initial480

design. This stage is shown in Fig. 1.481

2) RAPD STAGE 2482

PD stage 2-B and 2-C are integrated with RAD stage 2 (JAD)483

and RAD stage 3 (construction stage), as shown in Fig. 2.484

This reduces the development time if all documentation from485

stage 1 are adequately available, and if reusable components486

from related projects can be found and reused. In this stage,487

all requirements are refined, tests cases are developed, and a488

prototype containing layouts and data based on model, view,489

controller (MVC) is developed and tested. But if no reusable490

components are found, this stage is divided into sub-stage491

A which is for refining requirements, layouts, diagrams, and492

test cases; and sub-stage B which is for building a prototype,493

testing it and refining the design. All steps and changes are494

documented. The team here involves designers who interact495

with developers and representative users. All tasks are coor-496

dinated among members.497

This stage also contains prototype testing to assess the498

functionality of the prototype and feedback the results for499

refining the requirements, modifying the prototype and500

updating the documentations.501

3) RAPD STAGE 3502

RAD implementation stage and PD post-design stage are503

integrated to implement the prototype and test the final504

system, as shown in Fig 3. All documents are reviewed505

to ensure all requirements have been considered. Because506

FIGURE 3. RAPD stage 3, its input, activities and output.

representative users are involved in the design and testing, 507

no training is needed from development team for the client 508

side. 509

At the end of this stage, a validation testing is performed 510

to evaluate the final system and ensure that all objectives and 511

plans have been sufficiently addressed. Further, each stage 512

also contains comparison testing for allowing participants to 513

look for alternative designs and solutions. 514

At the end of stage 3, all major requirements are addressed 515

in the design, and functions that are necessary to complete 516

tasks are ready. So, end users can perform their work and send 517

feedback to the design team. The team also revisits stage 1 to 518

consider the requirements that were postponed and consider 519

any emerging requirements. 520

D. APPLICATION OF RAPD 521

This section presents how the RAPD framework is applied 522

to the Jericho Central Vegetable Market. The process started 523

in April/2020 when the market made a call for a system that 524

transforms the traditional work routine to electronic one and 525

supports remote work. Four auctioning stores were selected, 526

and two of them have electronic desktop system and the 527

others are paper based stores. Three levels of users; managers, 528

accountants, and data entry employees, cooperate to build the 529

system.We refer to these users as direct users because they are 530

responsible for the management of the system. Meanwhile, 531

other users such as traders, farmers, workers, and supply 532

stores are indirect users because they can view transactions 533

and interact with the system after the direct users initiate 534

transactions. In total, the direct users include nine auctioning 535

shop owners and accountants, and indirect users include 120 536

farmers, 70 traders and nine agriculture supply stores. 537

COVID19 has also imposed restrictions on designers and 538

developers as they can not meet users face to face. So, 539

designers and developers shift to digital forms of communi- 540

cation such as video conferencing for most of meeting and 541

workshops. This was not easy at the beginning due to lack 542

of technical experience of end users. But, once a prototype 543

is shown to users, they started interacting with designers 544

remotely for testing and providing feedback. 545

The RAPD framework passed through the three stages: 546

RAPD stage 1: 547

Participants: direct users, designers, and developers 548
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Prerequisites: artifacts: user stories, paper documents of549

all types of transactions, screenshots of existing electronic550

system (interfaces), and video of workflow551

Activities:552

1- Managers signed contracts to initiated the development553

process during a face to face kick-off meeting for three554

hours, and they agreed on the development team which555

involves users, developers and designers,556

2- a video conference environment was selected to facil-557

itate the communication, and all participants were558

informed that the meeting lasts for two hours,559

3- designers and direct users met virtually to setup objec-560

tives, plans, schedules, and checklists,561

4- designers analyzed artifacts and met virtually with562

direct users to collect the functional and non-functional563

requirements and identify priorities, and perform564

exploratory testing for refining the requirements and565

other observations,566

5- designers and developers put initial design including567

all needed diagrams, entities, and initial interfaces,568

and then met virtually with direct users to perform569

comparison testing for the design so that all alternatives570

can be identified.571

Outcomes:572

1- contracts, objective document, work plan documents,573

schedule, and checklists,574

2- concise user stories, specifications including functional575

and non-functional requirements documentations,576

3- priorities of tasks based on dependency,577

4- initial design (models and Documentations) including578

diagrams interfaces, database entities and communica-579

tion entities.580

The development team decided to give high priority to581

functions that are related to direct users. Other requirements582

related to indirect users were postponed. This task lasted for583

21 days and include one physical meeting and three virtual584

meetings. The developers build the initial design and identi-585

fied the reusable components at the end of this period. These586

reusable components can accelerate the development time.587

To allow remote work, the development team agreed on using588

web-based system supported by cloud services. Examples589

of services that are necessary to direct users are shown in590

Table 1 and prioritized based on dependency.591

RAPD stage 2592

Participants: development team: direct users, indirect user593

representatives, designers and developers594

Prerequisites:595

1- Initial design, diagrams, entities, interfaces and596

reusable components,597

2- artifacts: concise user stories, paper documents related598

to indirect users, screenshots of existing electronic sys-599

tem (interfaces), and video of workflow,600

3- priorities of tasks.601

Activities:602

1- Designers analyzed artifacts and met virtually with603

direct and indirect users to collect the functional and604

TABLE 1. Examples of direct user services prioritized based on
dependency.

TABLE 2. Services developed in stage 2.

non-functional requirements for the rest of the require- 605

ments, and updated the checklist, 606

2- designers and developers refined requirements, built 607

test cases, developed and tested MVC prototype as in 608

comparison test to check all alternatives, and then met 609

virtually with direct and indirect users to discuss and 610

modify the design, 611

3- the development team performed prototype testing and 612

used the results to refine the prototype and update the 613

documentations, 614

4- the development team setup and tested the cloud envi- 615

ronment. 616

Outcomes: 617

1- prototype that runs all functions related to direct users 618

and interfaces to those related to indirect users, 619

2- documentations for requirements, design, diagrams, 620

test cases, cloud and results of testing. 621

This stage lasted for 14 days including three virtual meet- 622

ings, and the development team was able to build a prototype 623

for 90% of the entire system. The services related to indirect 624

users were also added to the prototype, and the services 625

developed in this stage are shown in Table 2. 626

Other low priority services, such as data analytics and 627

forecasting, were postponed because these services require 628

data. So, the development team waited until users inputted 629

some data. This postponing also ensured that the end users are 630
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satisfied with the highest priority services before upgrading631

to more advanced ones.632

RAPD stage 3633

Participants: development team: direct users, indirect user634

representatives, designers and developers635

Prerequisites:636

1- prototype,637

2- design documentations.638

Activities:639

1- The development team implemented and tested the640

prototype, and then met virtually with direct and indi-641

rect users to perform comparison testing and check all642

alternatives,643

2- They reviewed the documentations to checkwhether all644

requirements have been considered or not and updated645

the checklist,646

3- The development team met virtually with direct and647

indirect users for validation testing and for ensuring all648

objectives and plans were sufficiently considered.649

Outcomes:650

1- A system that runs on cloud,651

2- Updated documentations that include all requirements652

designs, testing and results.653

This stage lasted for 12 days including three virtual meet-654

ings. During this stage, the last 10% of the system was655

designed and implemented. With another short round by656

revisiting all stages, more advanced services related to data657

analytics and forecasting were added.658

E. POST COVID-19 ANALYSIS659

To ensure the validity of RAPD and its usage after the crisis660

is over, we conducted questionnaires focusing on both the661

software development company and the users. The question-662

naire is justified at this point because the number of end663

users of the system developed by RAPD has increased. The664

questionnaire objectives are divided into two categories that665

focus on the development analyses and usability analyses.666

The development analyses targeted the persons who partic-667

ipated in the development process and other developers, and668

this questionnaire has four categories:669

1- Effectiveness of RAPD during similar crisis conditions670

or normal conditions: This questionnaire targeted direct671

users, indirect user representatives and the develop-672

ment team from the company. Three questions tested673

if RAPD is effective during the crisis and even after674

the crisis, and if the team are convinced that RAPD675

achieves good results in other scenarios.676

2- RAPD benefits over other methods: Ten questions677

tested if the development team think that RAPD is678

better than other development practices in terms of679

cost of development time and team size, delivery680

time, commitment to schedules, collecting user stories,681

interaction with users, avoiding conflict with users,682

clear plans, writing documentations, and addressing683

requirements.684

3- Willingness to learn RAPD development process:685

This questionnaire targeted company developers.686

Five questions tested the reputation of RAPD among 687

developers’ peers, their skills in PD and RAD, and their 688

motivations to learn RAPD even if they do not know PD 689

and RAD. 690

4- Willingness to participate in remote design based on 691

RAPD: four questions tested if the team is confident 692

that they master RAPD and ready to practice it for 693

developing software for other markets. This is impor- 694

tant because most companies in Palestine develop soft- 695

ware for other international companies. This also tested 696

the willingness of developers to cooperate with users 697

face to face or by video conference after the end of 698

COVID-19. 699

On the other hand, the usability analyses targeted direct 700

and indirect users, particularly users who did not partici- 701

pate in the development process. This tested if the system 702

developed using RAPD during COVID-19 is still usable after 703

COVID-19. The questionnaire focused on: 704

1- testing the willingness of user to work remotely. 705

2- testing the usability factors stated in [15] 706

3- testing user satisfaction factors stated in [16]. 707

The questionnaires were written in Arabic, and each state- 708

ment in the questionnaires has five scales: Strongly Agree 709

(SA), Agree (A), Neutral (N), Disagree (D) and Strongly Dis- 710

agree (SD). There are also questions with open answer where 711

respondents can write short paragraph about the most and 712

least favorable features of RAPD. A total of 23 respondents; 713

nine direct users and 14 developers from different companies 714

participated in the development analysis questionnaire. Also, 715

a total of 51 respondents, 14 direct users and 37 indirect users 716

including farmers, traders, and supply store workers partici- 717

pated in the usability analysis questionnaire. We ensured that 718

all end user respondents knew about RAPD and experienced 719

the system developed by RAPD. For example, each user has 720

at least three months of experience in using the system. 721

IV. RESULTS AND DISCUSSION 722

This section presents and discusses the effect of RAPD on 723

the company and end users. The section discusses the factors 724

affecting the adoption of RAPD in the company. Then, it dis- 725

cusses the factors affecting the usability of system developed 726

using RAPD. Finally, the section discusses the quantitative 727

analysis results for the use of RAPD in normal conditions. 728

A. RAPD COMPANY PERSPECTIVES 729

From the analyses of the qualitative data obtained from the 730

interviews and observations, we identified the factors affect- 731

ing the adoption of RAPD as a new software development 732

framework. We mapped these factors to the factors identified 733

in [13] and [14]. 734

1) RAPD PROJECT TIME 735

In the company context, the project time refers to the time 736

from the start of the project to the moment users become 737

familiar with the developed system and stop demanding 738

new modifications. This time includes the development time, 739
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debugging time, modifying by including new requirements,740

and training time. In [13], the project time is referred to as741

delivery time.742

At the beginning of the project, developers and designers743

resisted PD and thought that PDwill increase the project time.744

They justified their thought as they are not expert in PD, and745

user involvement in the design to a degree more than that of746

RADwould cost much timeworkingwith users. The thoughts747

about PD were seriously considered by the company, and748

a project manager who has experience in PD was assigned749

to the project. The project manager put the project time in750

the first priority. To ensure effective time management, the751

PD principles were explained to the developers, designers,752

and clients. The project manager facilitates the use of PD753

and made the team feel comfortable with the whole process.754

In fact, because RAPD contains RAD which is used in755

the company for other projects, the manager found RAPD756

compatible to a moderate degree with the developers’ skills757

and company practices. RAPD compatibly accelerated the758

acceptance of the development team to this new framework.759

In total, RAPD did not increase the project time. The760

company stated that, in previous systems developed by RAD761

only, they used to add more RAD cycles for bug fixing,762

follow up review, and modifying the system according to user763

emerging requirements. In RAD, the developers focused on764

developing what they got from end users iteratively, and in765

many cases the development time was overdue, this agrees766

with [13]. But, when PD is introduced to the development767

life cycle, users were involved in the design and felt as they768

were in brainstorming sessions and obligated to explain all769

work details. So, the integration of RAD, PD and usability770

testing reduced the delivery time in the company. This made771

the company accept RAPD and consider it for future projects,772

which agrees with [13].773

2) TEAM MANAGEMENT774

The company used to follow RAD as an agile framework775

more than the other agile frameworks. In RAD, the company776

used to have five team members, and in RAPD the number777

became six because a teammember was added for writing the778

documentation. Because most design meetings were online,779

one member was enough for the documentations. The video780

conference with voice to text conversion made collecting user781

stories easier than hand writing.782

The members stated in the interviews that they were previ-783

ously acting according to semi-management plans at which784

schedules and overall objectives were not clear. When PD785

is integrated with RAD, the project manager ensured clear786

management strategy, plans, schedules and objectives. The787

project manager initiated meetings, supervised design and788

documentations, and served as mediator between the com-789

pany and the clients. According to the management strat-790

egy, tasks were distributed among members based on their791

experience. Each member has to participate in the design792

meeting, continuously report the progress of the development793

and commit to the time schedule. At the end of the project,794

the team members stated that they experienced less pressure 795

during the RAPD processes, and they were fully aware of 796

the purpose of tasks under-development and the final goals. 797

This clarity of objectives, tasks, and final system made the 798

development cost less than before in terms of team size and 799

project time. This made the company adopt RAPD easily, 800

which agrees with [13]. 801

3) TEAM TO USER INTERACTION 802

The authors in [13] show that the communication with users 803

is one of the factors affecting adoption of software develop- 804

ment methods. So, the interaction between the development 805

team and the users was also studies through observation 806

during the development and interviewing participants. The 807

analysis shows that the interaction was limited at the first 808

meeting but after that the interaction became smoother. The 809

project manager revealed important issues about the inter- 810

actions with users. In older development project, developers 811

used to resist new changes demanded by users. In some cases, 812

conflicts occurred between developers and users and between 813

developers and designers because developers do not want 814

to keep changing the product. The conflicts resulted from 815

erroneous assumptions made by designers who depended on 816

verbose user stories that were interpreted differently from 817

time to time. Also, users expressed ‘what’ functions they 818

need without caring about ‘how’ these functions should be 819

made, and designers had to extract ‘why’ these functionswere 820

needed and then build a design to show how functions could 821

be in the digital form. 822

In contrast, the RAPD made the interaction more coop- 823

erative, direct and clearer than before because developers 824

were aware of the project objectives, and they also aware that 825

user role in the design would lead to an optimized product. 826

During the workshops and meeting, the researcher observed 827

that the company team members were consistently working 828

on performing tasks and harmonically interacting with each 829

other and with the end-users. According to the development 830

team, the roles of each team member was clearer in RAPD 831

than before. Even the end users were participating in the 832

design according to PD principles and were aware of the final 833

goals. They also benefited from RAD as they could try the 834

prototype, give feedback and suggest alternative solutions. 835

Therefore, the end users started to care about ‘how’ the 836

function should be made and to suggest ways for doing that. 837

Also, the end users started to appreciate the effort spent on 838

developing every single function, and they could estimate the 839

required time for transforming one task from paper to digital. 840

So, the end users became more considerate about requesting 841

changes or modifications. 842

The video conference alsomade the interactionmore coop- 843

erative and useful because all participants knew that the time 844

for the virtual meeting is limited and they avoided unneces- 845

sary talks. There were nine virtual meetings with two hours 846

per each. In the vegetablemarket culture, auction shop owners 847

and customers usually use much conversation about different 848

topics while making a specific deal which costs much time. 849
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In RAPD, the conversations were minimized during the video850

conference. The project manager had more control on the vir-851

tual meeting than the face to face meeting. The manager acted852

as a moderator of the meetings and mediated the discussion853

between the company side and the client side, and pushed to854

avoid unnecessary talks. So, PD is performed via the video855

conference to create artifacts, and the rapid nature of RAD856

assisted in minimizing unnecessary communications which857

create verbose stories. PDmade user stories clearer than what858

they used to be before because PD allows the user to focus on859

the design not only describing the requirements. Thus, the860

video conference enabled creating concise documentations861

and concise participation and consequently clearer design862

with less conflict. The video conference is found useful for863

creating participatory design during crisis, and it can help864

big companies to organize participatory design session with865

customers in different places866

To show the advantage of using the video conference in867

the design meetings, we give the following example. Printing868

farmer balance is a function that was developed using dif-869

ferent software methodologies and users experienced it on870

different systems. In previous systems, the user story was871

recorded as 27minutes video for this function. This videowas872

converted to a document of four pages. But with RAPD video873

conference, the user story for that function is nineminutes and874

converted to a concise document of two paragraphs. Both the875

end users and the company were happy about the interaction876

during the project development which made RAPD to be877

easily adopted by the company.878

4) RAPD OBSERVABILITY AND TRIABILITY879

RAPD enabled the rapid development of the system and users880

could see the prototype in early stages. Also, the usability881

testing included in all RAPD stages reduced the number of882

bugs and modifications in the final system. These testing883

accelerated the production of usable services that have higher884

priorities. So, RAPDobservability was high as its results were885

clear to users and developers. Further, RAPD compatibility886

and the existence of a member with high skills of PD and887

RAD made the developers aware how to use the framework.888

Also, user participation and the documentations facilitated889

the process of trying RAPD. On the client side, users could890

try the system services easily because they already had their891

hands dirty on testing the prototypes and the system. So, the892

RPAD triability was also high, which made RAPD attractive893

to the company and easily adopted. This agrees with results894

in [14].895

5) RAPD INCORPORATION OF EMERGING REQUIREMENS896

This factor is stated in [13] as an important factor for consid-897

ering a software development method in any company. Most898

modern development methods, such as Agile and RAD, focus899

on user involvement in the design process to enable capturing900

all requirements not only at the start of the project but also901

during all design stages. So, RAPD by including both RAD,902

PD and usability testing makes user involvement clearer and903

more effective because users become a major player in the 904

development team. The users were observed very active in 905

expressing their requirements and in adding new changes 906

to the system after testing developed services. The RAPD 907

documentations consisting of concise user stories allowed the 908

developers to refer to these changes and address them one 909

by one. These features of RAPD made it acceptable by the 910

company. 911

6) RAPD COMPLEXITY 912

The developers at the company initially thought that changing 913

the method, which they are used to, will complicate the devel- 914

opment process. Their lack of experience in PD strength- 915

ened their argument. However, their behavior towards RAPD 916

started to change when the PD principles were explained to 917

them andwhen they saw that PD and RAD stages can overlap. 918

Their knowledge of RAD and the usability testing made them 919

easily understand RAPD. Also, the COVID19 conditions 920

motivated the company and the developers to think more 921

seriously about finding a way to incorporate all requirements 922

effectively. The video conference also made the developers 923

less reluctant to use RAPD because they did not need to meet 924

users face to face, which reduced travel burdens and infection 925

possibilities. By the time, RAPD complexity was reduced, 926

and the company accepted it which agrees with [14]. But, this 927

required the existence of amemberwho has strong experience 928

in PD and RAD. 929

B. RAPD USER PERSPECTIVES 930

The developed system during the action research through the 931

RAPD framework is a web-based system running on cloud 932

and support several services. These services include data 933

entry, data review, billing, balancing, queries, and creating 934

accounts for customers and users. The interaction of users 935

with the new system was observed during the design and 936

performing tasks from the workplace and remotely. Also, 937

direct and indirect users were interviewed at the end of the 938

research. The analysis focused on the usability of the system 939

and user satisfaction. The analyses of the observations and 940

interviews are mapped to the usability factors stated in [15] 941

and the user satisfaction factors stated in [16]. 942

1) REMOTE WORK 943

This factor is a new one and emerged due to COVID19 944

to maintain safety. The system utilizes cloud computing 945

technologies for hosting the data and process the functions 946

efficiently. The users interact with the system through a 947

responsive web interface which supports desktop computers 948

and mobile devices. Therefore, the users are able to work 949

ubiquitously; from the office, home or other places at any 950

time. To enable secure access to the system, the users need 951

only to login to the system and start any process based on the 952

privileges given to them. 953

The users stated that the remote work was very useful to 954

them during the COVID19. When the mobility constraints 955

were very tight, the direct users, such as the shop owners 956

and accountants, were able to perform the basic data entry at 957
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office, which is at the moment of auctioning, and then could958

do other data processing remotely. On the other hand, indirect959

users, such as traders and farmers, were able to view their960

accounts, bills, and balance online without the need to visit961

the auctioning shops and demand paper bills. This reduced962

the face to face negotiations between all users and minimized963

the possibility of infection.964

An important point was expressed by all users is the sat-965

isfaction from the remote work. Once users got used to the966

remote work functionalities, they started to depend on that967

because the remote work enabled reviewing the billing before968

adding bills to the total financial balance. In the traditional969

system, bills had to be written manually and added to the970

balances and customers had to wait before taking their bills.971

The RAPD framework allowed the users to participate in the972

design remotely and build experience of the system step by973

step. So, the adaptation to remote work was easier than they974

thought at the beginning.975

2) TIME SAVING AND EFFICIENCY976

In [15], efficiency affects system usability. The developed977

system saved the time for users on different levels. The time978

for the daily work routine was sharply reduced for users who979

depended on the paper work. They used to spend eight hours980

on average for writing bills and reports manually. They had981

to check different documents and made several calculations982

when a customer made a query about a specific financial983

issue. For the other types of users, who had electronic sys-984

tems, the time was also reduced because RAPD enabled the985

users to modify the systems to be more customized to their986

work and more efficient.987

We also found that the remote work saves users time.988

In the vegetable market, the remote work saved time because989

customers became able to view their accounts, bills, and990

financial balance without visiting the market which saves991

their time, especially, some farmers and traders come from992

far places. Customers could also review their billing remotely993

and demand for modification before adding bills to the finan-994

cial balance. This reduced the revision time and negotiation995

time by enabling fixing calculations errors easier than before.996

3) LEARNABILITY AND MEMORABILITY997

Learnability and memorability are important for evaluating998

user satisfaction [15]. When the qualitative data were ana-999

lyzed, we found that users did not separate between learn-1000

ability and memorability. They stated that ‘‘what I learn I1001

can remember’’. RAPD enabled the system to be developed1002

rapidly and to be exactly customized to the daily workflow in1003

themarket by considering the sequence of operations, the out-1004

put formats and all query services. Also, end users stated that1005

the customization through RAPD allows them to learn how1006

to use the system and memorize that faster and easier than1007

other systems developed by other methods. Further, users1008

including direct and indirect users participated in designing1009

and testing the system. So, the degree of learnability and1010

memorability were higher than other systems purchased by1011

the market before.1012

4) ACCURACY 1013

Accuracy is very critical for the auctioning shop because 1014

any mistake in the calculation causes conflict between the 1015

direct users and the indirect users. Also, mistake causes time 1016

delay to determine the reasons of the mistake and solve it. 1017

The users stated that the system is very accurate because all 1018

calculation errors were solved during the development stages. 1019

The users actually participated in making the system accurate 1020

because they explained the workflow, dependencies and show 1021

all parameters clearly. User participation in the system design 1022

made the system easy to use without causing any mistake. 1023

In contrast, the users stated that they have bad experience 1024

with other systems developed by other methods. They were 1025

not used to workflows added by the other systems and they 1026

took much time to learn how to use these systems. Also, they 1027

were not satisfied with the format of the output reports and 1028

bills. So, they did many mistakes during the learning phase 1029

and received many complaints from indirect users. They gave 1030

up using these systems because of the low accuracy and new 1031

tasks needed to be added to make the systems more accurate. 1032

5) USER SATISFACTION 1033

We also analyzed the responses of users towards the factors 1034

affecting user satisfaction, and these factors include: 1035

a: WORKFLOW AND CUSTOMIZATION 1036

The customization of the system to users and business 1037

requirements makes users more satisfied with the sys- 1038

tem [16]. In RAPD, users participated in the design and 1039

expressed their requirements effectively. They refined the 1040

design at each workshop according to the artifacts. The 1041

usability testing also assisted the users in verifying and val- 1042

idating the produced services. To users, the most important 1043

points were the sequence of operations and the output format. 1044

Previously when using RAD alone, the developers decided 1045

where to start the programming process. But with RAPD, 1046

the developers had to build the functions that can achieve the 1047

sequence of operations based on dependency priority so that 1048

the users can test them and give feedback. 1049

b: CONTENT 1050

The well consideration of the workflow and output formats 1051

made the users satisfied with the content of the system. 1052

An important issue that was raised during the development 1053

is the number of queries and their output reports. When more 1054

functions were generated and the users saw the strength of 1055

the system, they kept on adding new queries for generating 1056

useful reports. For example, more data management, items 1057

tracking and forecasting functions were demanded by the 1058

direct users. The developers followed the style of expressing 1059

the power of the developed queries, and if the users were 1060

not satisfied, they considered the requested queries in the 1061

new stage. The developers also explained the dependency 1062

priority to users and both side committed to the dependencies. 1063

When the third design stage was completed, the users found 1064

the query services were enough. RAPD helped the company 1065
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produce a system with appropriate content and therefore the1066

system was accepted by users, which agrees with [16].1067

c: EASE OF USE AND COMPLEXITY1068

Users participated in designing the interface of the system,1069

and the output format, such as bills and financial reports. The1070

reports were exactly the same as the paper-based formats so1071

they are simple and easy to understand. The users ensured that1072

any complex feature has to be simplified. So, the resulting1073

interface was simple and the direct users who use all of the1074

services found the system easy to use. They stated that they1075

felt familiar with the structure of the system, and they easily1076

understood the tasks represented by each service provided by1077

the system. According to [16], users can be more satisfied1078

when the system is easy to use.1079

d: DELAY1080

Delay of retrieving information negatively affects user sat-1081

isfaction [16]. In the developed system using RAPD, users1082

experienced delay in a creating weekly and monthly account1083

balances due to the large amount of data. This issue was1084

solved in RAPD stage 3 as developers found they need to1085

use aggregation of data. After that, the users were satisfied1086

with the speed of information retrieval. We also found that1087

direct and indirect users expressed their satisfaction from1088

the product delivery time which was less than two months1089

(47 days). The reusable components assisted in generating1090

all services without costing much development time or effort.1091

In total, the product became usable in a short time compared1092

to other methods. For example, one auctioning shop stated1093

that they had experience with developing a similar system1094

using other methods and the delivery time was almost five1095

months that is longer than RAPD.1096

C. RAPD POST COVID-19 RESULTS1097

The results of the development analysis questionnaires show1098

that RAPD performed well during COVID-19 and can main-1099

tain its effective performance after the crisis, as shown in1100

Table 3. All respondents agree that RAPD was effective1101

during COVID-19 and can be used in normal conditions1102

for building other applications. The benefits of RAPD are1103

shown in Table 3, where developers agree that RAPD is1104

useful for the company. However, 4% of respondents think1105

that RAPD may increase team size because documentations1106

require extra staff. This issue was resolved using the video1107

recording feature. Also, while most respondents think that1108

RAPD supports clear planning, collecting user stories and1109

interacting with users, only 4% do not agree because some1110

developers were not familiar with RAPD before. A high1111

percentage of developers stated that they did not knowRAPD,1112

RAD or PD before, as shown in Table 3. But, the most1113

important issue is that most developers are willing to learn1114

RAPD even they do not know RAD or PD.1115

Table 3 also shows that developers preferred the video con-1116

ference tool during the design, and they think they are quali-1117

fied enough to participate in RAPD if it is used for outsourced1118

software development in other countries. Most respondents1119

TABLE 3. RAPD development analysis results.

agree that RAPD does not need modifications to fit with 1120

design in normal life conditions. This is because RAPD rapid 1121

and participatory nature assist developers in building usable 1122

software. A low percentage of respondent think that video 1123

conference tool can be replaced by face to face workshops. 1124

The respondents answered the open answer question that 1125

the video conference supporting remote cooperative design is 1126

the most important feature, particularly nowadays as remote 1127

work has become a daily routine. They added that the least 1128

favorable feature of RAPD is incorporating many users in the 1129

design which may complicate the process, particularly when 1130

users have low computer proficiency degree. Others, who 1131

were using software methods other than RAD and PD, added 1132

that they do not mind learning RAPD but this requires time. 1133

The results of the usability questionnaire show that remote 1134

work has become one of the usability factors as most users, 1135

Table 4, require that the system should support remote work 1136

although they sometimes prefer to work onsite. Most users 1137

also are stratified with the system developed using RAPD 1138

and agree that the system is usable, as shown in Table 4. The 1139

reason why some do not agree is that some users need more 1140

93612 VOLUME 10, 2022



Y.-A. Daraghmi, E.-Y. Daraghmi: RAPD: Rapid and Participatory Application Development of Usable Systems

TABLE 4. RAPD usability analysis results.

query services, some have a very low computer proficiency,1141

and the slow internet increases the latency of submitting1142

queries and viewing results.1143

The most important summary of this quantitative results1144

is that a high percentage of users agree that the system is1145

usable, and easy to be understood and used with low com-1146

plexity. On the other hand, a high percentage of developers1147

agree that RAPD is more useful for the company than the1148

current method, which is RAD, and RAPD can be used for1149

developing different applications at different times.1150

V. LIMITATIONS1151

The limitations of our research concern the used research1152

method which is action research. Because action research1153

allows researchers to study a specific problem in a specific1154

context to find a suitable solution, this process limits the1155

generalizability of the results. Therefore, further research is1156

needed to examine RAPD in different context. The other lim-1157

itation is assuming that the company has a team whose one or1158

more members have experience in participatory design which1159

is new to the Palestinian software development culture. Also,1160

assuming that end users would accept participation and hav-1161

ing the skills to participate in video conferencing. So, further1162

research is needed to study the factors influencing adopting1163

new software development methods in larger companies, for1164

larger projects, and with different cultures of end users.1165

VI. CONCLUSION1166

Software development during crisis, such as COVID19, faces1167

new challenges identified by the creation of usable and1168

accepted systems in a short time. To save time, businesses 1169

adopted on-shelf systems that do not fit with their require- 1170

ments. This caused new challenges, such low accuracy long 1171

training time on using these systems. On the other hand, using 1172

agile methods that do not focus on capturing user experience 1173

also made the produced systems inappropriate for business 1174

workflow. Therefore, this paper has proposed a framework 1175

called RAPD that integrates two well know software devel- 1176

opment methods. RAD allows for rapid development and PD 1177

allows for user participation in the design process. To make 1178

the produced system more acceptable, usability testing meth- 1179

ods are also added to all design phases. For the company, 1180

RAPD was useful as it offers sufficient management plan, 1181

reduces development time and cost, and eliminates conflicts 1182

with end users. The company adopted the new framework 1183

easily as it is a small new company with young development 1184

teams, which agrees with [47]. For user, RAPD made the 1185

developed system usable and acceptable as it is customized 1186

to the workflow, accurate and time saving. We also found 1187

that software development is affected during COVID19, and 1188

video conference enabled PD to create more concise design 1189

documentations. The post COVID-19 analyses show that 1190

RAPD, its tools and process can still be used to develop dif- 1191

ferent applications in normal conditions without crisis. Future 1192

work will include using RAPD for software development in 1193

another context so that it can be generalized. 1194
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