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Data Acquisition Tool and Data Quality 

One of the must-do tasks in the early phase of study 

planning is designing a data acquisition tool. In most 

cases, a data collection form (DCF) is used. DCF is 

designed to systematically gather specific information 

related to research questions and objectives. It is a tool 

that helps gather data in an organized and efficient 

manner through predefined fields or questions.1 In 

clinical research, DCF is usually called “Case 

Record/Report Form” (CRF).2,3 DCF format varies due 

to the complexity and purpose of the study. Various 

types of DCF can be designed to collect primary or 

secondary data, and quantitative or qualitative data.1 

The primary data collection form is designed to gather 

original data directly from sources via surveys, 

interviews, and observational checklists. The 

secondary data collection form is typically designed to 

extract data from existing sources including databases, 

reports, or previous studies. Quantitative DCF collects 

numerical data which could be categorical data (e.g., 

diabetes (Y/N), duration of exposure (1–3 months, 4–6 

months, >6 months)) or continuous data (e.g., age, 

quality of life score). Qualitative DCF is a note-taking 

template that transcribes non-numerical data from in-

depth interviews or focus-group discussions.1  

Data quality is critical. A famous old expression in 

computer science says “Garbage In, Garbage Out.” 

Poor-quality data can lead to poor decision-making 

within the research study.4 Poor data quality can lead 

to the inability to answer research questions, distort 

findings, waste resources, misleading conclusions and 

recommendations, and may even do harm to study 

participants.5,6 Poor data quality includes, but not 

limited to, the followings: data entry errors, incomplete 

data sets, and outdated information. According to the 

European Medicines Agency, a good clinical 

practice (GCP) covers ethical and scientific quality 

standards for designing, recording, and reporting 

studies that involve human subjects. The content 

within the GCP guideline is not actually limited to 

clinical aspects. Thus, GCP has been used by all ethics 

committees when reviewing research protocol. Two 

major issues in GCP are protecting the rights, safety 

and well-being of study participants and the credibility 

of the study data.7 According to GCP, the researcher 

should ensure the accuracy, completeness, legibility, 

and timeliness of the data in the data acquisition 

tools.8 It is quite a challenge for form designers to 

secure and ensure data quality captured on DCF—how 

to make it easy to use, understand, complete, and 

accurate. 

DCF Design Process 

DCF can be in paper form (pDCF) or electronic form 

(eDCF). Each type has its own advantages and 

drawbacks regarding data management and data 

quality.2,3,9 pDCF may result in data errors when 

transferring or transcribing the data onto the 

computer system. Particularly for eDCF, edit checks 

are generally programmed into the data collection 

system to help ensure data integrity and improve data 

quality by immediately checking the entering data in 

terms of expected range, inconsistency, illogical, or 

discrepancy. However, eDCF may have limitations 

when lack of available on-site technology, complexity 

of installation, and maintenance of the software, and 

high investment cost.2 Recently, the so-called “patient-

reported outcomes (PRO)” is quite common in clinical 

research. PRO is the DCF that the data is directly 

reported by study participants. As an example of PRO, 

study participants may be asked to record on a daily 

diary card (booklet) regarding their signs and 

symptoms, and their own subjective experiences of 

pain intensity or quality of life using rating scales and 

questionnaires. Because these data are recorded by 
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study participants themselves rather than trained 

data collectors, the PRO should be well-designed by 

taking into consideration of study participants’ 

characteristics and perspectives. 

It is said in the literature that the number one neglected 

topic in statistics is measurement.10 When you don’t 

think seriously about measurement, bad things could 

happen.10 Thus, DCF should be designed by following 

the study procedures and data flow from the perspective 

of the person completing it.2,4,9 The best practice in 

designing DCF is using a multidisciplinary team design 

(including data entry personnel, biostatisticians, and 

the internal study team) to provide input into the 

DCF to ensure the data collected meet the needs of 

the study from all pertinent perspectives.9  

The very first step in designing DCF is that you need 

to have a clear idea of what information you need to 

collect and who are your targeted population. DCF 

should capture protocol-required information but 

should not record data that ultimately will not be 

used for analysis or will not support analyzed data.8,9 

That means you have to understand your research 

questions and objectives, and the characteristics of 

the study participants. This will define the scope, 

content, and format of your DCF.11 It is important to 

always have operational definitions of key variables 

to be used in data analysis (Figure 1).4 Data gathered 

should be based on the underlying terminology or the 

operational definition of the variables needed to 

answer your research questions.10 

 

Figure 1. DCF collects “successfully treated” for TB patients according to the study definition 

Good DCF should contain an informative header and 

footer including protocol ID, site code, and subject ID, 

version number, and page number.2,3,9 Prior to 

finalizing the DCF, you should perform pre-testing 

with a sample of the targeted population. In the 

development process, you then may have many 

versions of DCF, and you should keep track of version 

control (Figure 2). 

 

Figure 2. Original version and revised version of DCF with additional choice 

 

One of the most important aspects of DCF design is to 

provide clear and helpful instructions in filling out the 

form.11 To help ensure data quality, there should be a 

DCF completion guideline (Figure 3). The guideline is 

also useful for training data collectors. The guideline 

should contain how to fill out items in each part of the 

DCF with an explanation of the descriptions or 

operational definitions of certain protocol-specific items.  
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Figure 3. General and DCF-specific data completion guidelines 

 

Standards and Good Practices in DCF Design 

Designing a DCF is both science and art. DCF should 

include sufficient and accurate data to reach research 

objectives during analysis. On the other hand, the DCF 

should be presented in a format to enhance easy 

reading/understanding and accurate data entry.2,9 

Here are some tips and tricks in DCF design.2,5,8,9,11 

• Design in Accordance with the Study Protocol 

Compliance. The collection of unneeded data will 

result in wasted resources in collecting and 

processing and not even being utilized for 

analysis.2,9  

• Do not Collect Personal Identifiable Information 

(PII) on DCF. According to the GCP guideline and 

certain legal regulations on the confidentiality of 

personal information, you must not have 

identifiable information on DCF.8 However, if PII is 

needed to be collected in some circumstances (such 

as during outbreak investigation, not in general 

research context), investigators must maintain its 

confidentiality as best as they can. In clinical 

research, you may collect PII (e.g., personal ID) to 

avoid duplicate enrollment (advertently or 

inadvertently) or to link with medical records of the 

study participants; such PII must be kept in a 

confidential DCF package, separate from the DCF 

package used to answer research questions.   

• Choose the Right Type and Number of Questions. 

Data to be collected to answer your research 

questions will affect the quantity and quality of the 

data on DCF. Avoid asking too many or too few 

questions, as this can lead to respondent fatigue, 

boredom, or confusion.11 Types of data will dictate 

the types of questions on DCF.  Several types 

include, for example, open-ended, closed-ended, 

multiple choice, or rating scale (Figure 4-6). To 

make it easier for data management and analysis 

as well as achieving standardized answers across 

study sites, try to use close-ended questions with a 

coded format (fixed choices) whenever possible. The 

use of pictorial choices may be helpful for a certain 

issue (Figure 7). Avoid (open-ended) free text 

questions.2,3,4,9 

 

Figure 4. Examples of close-ended questions 
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Figure 5. Examples of semi open-ended and open-ended questions 

 

 

Figure 6. Examples of scaled questions 

 

 

Figure 7. Examples of pictorial choices questions 

• Layout of Data Fields Arranged in a Clear, 

Logically Formatted, and Easy to Follow. 

Complicated forms can lead to nonresponse or 

careless response.5 Problems with data quality for 

pDCF are related to the poorly designed, organized, 

or printed of the DCF. It is recommended that DCF 

should be printed single-sided with legible font size. 

DCF page should contain both the page number and 

the total number of pages. 9  

• Use Simple and Clear Language. Language 

comprehension can be a barrier.5 To ensure 

obtaining complete and comparable data, wordings 

should be clear, simple, concise, specific, and 

consistent while avoiding jargon, technical terms, 

acronyms, or abbreviations that your respondents 

may not understand.9,11 

• Avoid Collecting Duplicate Data. The presence of 

redundant data is a very common problem in many 

studies.3 Duplicates can result from collecting 

identical information (e.g., age and date of birth) 

from different sources, or from human error.4 Try not 

to collect redundancy data as it will create 

unnecessary work for data collectors and the need to 

check for consistency between redundant data points. 



OSIR, June 2024, Volume 17, Issue 2, p.114-119 

https://doi.org/10.59096/osir.v17i2. 269888 | 118 

• Avoid Referential Questions with a Skipping 

Pattern (Figure 8). Answering a question upon the 

answer to another question creates a high chance of 

having missing or incomplete data. 

 

Figure 8. Examples of referential questions 

• Provide Units of Measurement for Data Fields.  

If data is stored in inconsistent formats, the 

information may not be comparable and interpreted 

correctly. It is a good idea to provide units of 

measurement (Figure 9), particularly in multi-site 

study.  As an example, local laboratories may use 

different units of measurement, thus asking the 

data collectors to keep the original value and its 

unit. Unit conversion can be done during the data 

analysis phase, not during the collection phase. 

 

Figure 9. Examples of fixed and open lab units 

• Do not Ask the Data Collector to Perform any 

Calculation on DCF. Errors could occur when 

asking the data collector to calculate or derive a 

data value for other raw data values (e.g., asking 

to calculate BMI from weight and height).9 Let it 

be the work done in the data management or data 

analysis phase.  

• Arrange a Package of Series of DCFs over the 

Study Period. When data are collected over the 

course of a longitudinal study, DCFs for each study 

participant should be sequentially arranged in 

order according to timelines (visits) and separated 

by sections (Figure 10).3,9 

 

Figure 10. Schedule of data collection using series of DCFs 

Conclusion 

Valid and credible data is important to reach accurate 

research results. The measurement errors could lead 

to incorrect statistically significant findings.12 Data 

on DCF should be organized in a format that 

facilitates and simplifies data analysis.2 According to  
 

Good Clinical Data Management Practice (GCDMP), 

minimum standards in the design and development of 

DCF include: collecting only the data specified by the 

protocol; documenting the process for CRF design, 

development, approval, and version control; and 

keeping records of training of personnel on the protocol 

and DCF completion instructions.9 The more effort you 
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put into designing DCF, the more chance you will be 

able to answer your research questions effectively and 

precisely. Collecting data is one thing, but more 

challenges still need to be taken into consideration for 

data quality checks prior to data analysis: data entry, 

data storage, data validation, and data transformation. 

These data management processes will be discussed in 

future articles. 
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