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Abstract
Objectives  Metrics and instruments can provide guidance for clinical researchers to assess their potential research 
projects at an early stage before significant investment. Furthermore, metrics can also provide structured criteria for 
peer reviewers to assess others’ clinical research manuscripts or grant proposals. This study aimed to develop, test, 
validate, and use evaluation metrics and instruments to accurately, consistently, systematically, and conveniently 
assess the quality of scientific hypotheses for clinical research projects.

Materials and methods  Metrics development went through iterative stages, including literature review, metrics and 
instrument development, internal and external testing and validation, and continuous revisions in each stage based 
on feedback. Furthermore, two experiments were conducted to determine brief and comprehensive versions of the 
instrument.

Results  The brief version of the instrument contained three dimensions: validity, significance, and feasibility. 
The comprehensive version of metrics included novelty, clinical relevance, potential benefits and risks, ethicality, 
testability, clarity, interestingness, and the three dimensions of the brief version. Each evaluation dimension included 
2 to 5 subitems to evaluate the specific aspects of each dimension. For example, validity included clinical validity and 
scientific validity. The brief and comprehensive versions of the instruments included 12 and 39 subitems, respectively. 
Each subitem used a 5-point Likert scale.

Conclusion  The validated brief and comprehensive versions of metrics can provide standardized, consistent, 
systematic, and generic measurements for clinical research hypotheses, allow clinical researchers to prioritize their 
research ideas systematically, objectively, and consistently, and can be used as a tool for quality assessment during the 
peer review process.
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Introduction
A hypothesis is an educated guess or statement about the 
relationship between two or more variables [1, 2]. The 
hypothesis generation process is critical and decisive in 
determining the significance of a clinical research project 
or scientific project. Although much progress has been 
achieved in scientific thinking, reasoning, and analogy 
[3–8], which are critical skills in hypothesis generation, 
knowledge about the scientific hypothesis generation 
process, including how to facilitate the process, espe-
cially in a clinical research context, is limited. Many data 
science researchers believe that secondary data analytic 
tools can facilitate hypothesis generation [9]. Neverthe-
less, there is a lack of studies demonstrating the role of 
a secondary data analysis tool in this process in clinical 
research. We developed a visual interactive analytic tool 
for filtering and summarizing large health data sets coded 
with hierarchical terminologies (VIADS, ​h​t​t​p​s​:​/​/​w​w​w​.​v​i​
a​d​s​.​i​n​f​o​​​​ [10]) to filter, compare, summarize, and visual-
ize datasets coded with hierarchical terminologies (e.g., 
International Classification of Diseases, 9th Revision, 
Clinical Modification, ICD-9-CM). VIADS can also assist 
clinical researchers with generating hypotheses. Visual 
examples of VIADS include hierarchical graphs to show 
the structure of ICD, bar charts, and 3D plots. Users can 
obtain expanded information via interactive features, 
change graph layouts (e.g., small, medium, and large hor-
izontal spacing), zoom in and out, and move, save, and 
export graphs and their data files.

To put this manuscript in the appropriate context, 
we provide some background information on the entire 
project and how we conducted it to elaborate on how 
this study fits the bigger picture. To explore the clinical 
researchers’ hypothesis generation processes, we con-
ducted one-on-one study sessions in which research-
ers (i.e., participants) analyzed the same datasets to 
generate hypotheses within two hours with or without 
VIADS [11]. This was a 2 × 2 study design (with and with-
out VIADS by experienced and inexperienced clinical 
researchers per predetermined criteria). The quality of 
each scientific hypothesis generated by the participants 
in the study [12, 13] was assessed by an expert panel 
using the same metrics. The aggregated quality assess-
ment results, along with the number of hypotheses, the 
average time, and the number of cognitive events used to 
generate a hypothesis, were used to compare the hypoth-
eses generated by the participants in different groups [12, 
14]. A reliable, generic, and convenient tool is required to 
have a reliable, consistent, and accurate assessment of the 
quality of the generated scientific hypotheses [15].

The original purpose of developing metrics is to evalu-
ate the hypotheses generated by the participants in our 
research project. Furthermore, the validated metrics and 
instruments can be useful in a broader clinical research 

context. Researchers can use the instruments to compare 
and select more valuable and impactful hypotheses to 
pursue in their research endeavor at an early stage before 
any significant investment in resources. Furthermore, the 
instruments can be used during peer review processes for 
clinical research manuscripts or grant proposals. Tradi-
tionally, the peer review process is conducted by human 
experts, which can be a subjective assessment. Using an 
explicit, clearly defined, consistent, and comprehensive 
assessment tool based on metrics can provide a solid 
foundation for a relatively more objective, consistent, 
and perhaps more accurate evaluation during the peer 
review process of clinical research projects. The lack of a 
significant, meaningful, and impactful hypothesis to start 
with can make all other aspects of the research projects 
meaningless, regardless of rigor or validity. Therefore, 
the development and validation of such metrics play 
an important role in facilitating the launch of a more 
impactful research project and conducting a more objec-
tive, consistent, and accurate peer-review evaluation. In 
this manuscript, we introduce the approach we used to 
develop and validate the metrics, the results of the met-
rics and instruments, and the preliminary experience of 
the usage of the metrics. We hope to share the metrics 
and instruments as potential tools and the methodol-
ogy we used to develop them with the clinical research 
community.

Materials and methods
Study flow
In order to identify the metrics that we can use to assess 
scientific hypotheses in clinical research, we conducted 
this study in the following steps: (1) metrics develop-
ment, (2) internal validation (two layers), and (3) external 
validation (two experiments, Fig. 1) [16–18] and iterative 
revisions and refinements of the metrics at each step.

Metrics development
After several failed literature searches without return-
ing needed results when we aimed to identify the exist-
ing metrics to evaluate scientific hypotheses in clinical 
research, we started conceptualizing and developing 
the metrics through literature review and initial metrics 
formulation and development. One author (XJ, a medi-
cal informatics researcher) reviewed the clinical research 
design, clinical research methodology, and clinical tri-
als-related literature [1, 19–29] and drafted the initial 
metrics.

Internal validation
Then, two authors (XJ, a medical informatics researcher, 
and YCZ, a research methodologist) discussed the out-
lined metrics individually and formulated the initial 
metrics. They revised the metrics after all confusion and 
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concerns were addressed iteratively. This was the first 
internal validation layer between two team members. The 
adjusted metrics were distributed to the research team 
as anonymous surveys to seek feedback on all evaluation 
items. This step was conducted in three rounds to incor-
porate all the feedback received. This step constituted the 
second layer of internal validation among the entire team. 
The internal validation processes on the instrument (i.e., 
the evaluation dimensions, subitems, and scales of subi-
tems) followed a revised Delphi method [30–34], which 
included transparent and open discussions (via face-to-
face meetings, emails, and complementary video confer-
ences) among the research team.

External validation
After completing the internal validation, an iterative 
external validation process was conducted by engag-
ing an additional four invited clinical research experts 
who are external to our team. The criteria to be eligible 
as a clinical research expert were pre-defined during the 
design of the research project (please refer to our prior 

publication for details [11]). The instrument used in the 
initial external validation is shown in Appendix 1.

The external validation consisted of three steps, (1) ini-
tial external validation of the metrics via surveys among 
expert panel members, (2) two experimental evaluations 
by using the metrics to assess hypotheses generated dur-
ing the study sessions, and (3) refinement based on the 
feedback and results of the experimental evaluations 
(Fig. 2). A survey (Appendix 2) that served as the medium 
validation instrument was used among all expert panel 
members (including three senior consultants from the 
research team and four external clinical research experts) 
to obtain feedback, which was incorporated into the final 
metrics (Table 1 and Appendix 3). A 10-item evaluation 
instrument was formulated from the development and 
validation processes. The initial external validation used 
a revised Delphi method, including transparent discus-
sions via emails and complementary video conferences 
among the expert panel members.

External validation: experimental evaluation 1
In experimental evaluation 1, we performed valida-
tion analysis for the ten evaluation items (without subi-
tems) using 19 hypotheses generated via pilot studies of 
the research project. These hypotheses were randomly 
assigned to two Qualtrics surveys (10 and 9 hypotheses 
per survey). The seven expert panel members are our 
evaluation team, all of whom have a medical or method-
ology background with decades of experience working in 
a clinical research context. They rated all the hypotheses. 
The inter-rater agreement of the seven experts’ ratings 
on the 19 hypotheses was analyzed using the intra-class 
correlation (ICC). We used descriptive statistics to ana-
lyze the results of the survey. Based on the mean rating 
results (i.e., the average rating scores for each hypoth-
esis) from experimental evaluation 1, we identified the 
best and worst examples of hypotheses, which were used 
as examples in experimental evaluation 2 for the expert 
panel members to better calibrate their rating scores in 

Fig. 2  Refinement process of the clinical research hypotheses quality evaluation instrument

 

Fig. 1  Development, validation, and usage of the metrics to assess the 
quality of clinical research hypotheses. Blue arrows indicate the develop-
ment stages of metrics; solid green arrows indicate the feedback incorpo-
rated into the metrics from each stage; green hollowed arrow indicates 
future work
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the assessment of the remaining hypotheses. Figure  3 
shows the survey we used to conduct experimental evalu-
ations 1 (without the highest and lowest rated examples) 
and 2 (with the highest and lowest rated examples).

External validation: experimental evaluation 2
The results of Experiment 1 indicate that Experiment 2 
is necessary. Experimental evaluation 2 included 30 ran-
domly selected hypotheses from the study sessions using 
the 10-item evaluation instrument (Fig. 3). In the instruc-
tions, we provided the highest and the lowest rated exam-
ples of hypotheses based on the experimental evaluation 
1 results and set a screening item: validity. If a statement 
is not a hypothesis, further evaluation is unnecessary. 
If three or more experts scored at 1 (lowest rating) in 
validity for any of the hypotheses, it was removed from 
the following analysis. ICC analysis was performed to 
examine the consistency of the seven experts’ ratings on 
the valid hypotheses using the ten items. The evaluation 
results, i.e., the quality ratings of hypotheses based on the 
different evaluation items (metrics) were compared using 
a paired t-test analysis. The test results help us to identify 
a simpler version of the instrument that can be used reli-
ably and practically to evaluate all hypotheses generated 
by clinical researchers, i.e., Gateway evaluation in Figs. 1 
and 2.

Instruments used
All steps mentioned above (initial draft metrics develop-
ment, internal validation, external validation, refinement, 
and revisions in between the steps) were conducted itera-
tively using quantitative and qualitative approaches (e.g., 
Qualtrics surveys, emails, additional phone calls, and 
virtual conferences). The evaluations of the instrument 
(with 10 items and 39 subitems), i.e., the validation pro-
cess before experts used the instrument to conduct the 
experimental evaluations, including a 5-point Likert scale 
and three additional options of unable to assess, unnec-
essary subitem, or use this item only (Appendix 2). The 
evaluation instrument (with 10 items) used in experi-
mental evaluations 1 and 2 included a 5-point Likert 
scale and an option of not applicable (Fig. 3). The gate-
way evaluation and its results are published separately 
[14, 35]. This study was approved by the Ohio University 
Institutional Review Board (18-X-192) and Clemson Uni-
versity Institutional Review Board (IRB2020-056).

Results
We present comprehensive (10 items and 39 subitems, 
Appendix 3) and brief versions (3 items, 12 subitems, 
Table 1, Appendix 4) of the instrument to assess the qual-
ity of clinical research hypotheses and the evidence gen-
erated from experimental evaluations. Figure 4 presents 
the steps used in this study and the corresponding results 

to provide a summary view of the methods and results. 
Most measurements for evaluating the quality of clinical 
research hypotheses from the literature [1, 2, 9, 19–22, 
24–29, 36] include the following ten dimensions: valid-
ity, significance, novelty, clinical relevance, potential 
benefits and risks, ethicality, feasibility, testability, 
clarity, and researcher interest level. We developed 39 
sub-items to measure each dimension comprehensively 
and unambiguously (Table  1). The quality of each item 
was measured using a 5-point Likert scale. Table 1 shows 
all ten evaluation items (i.e., dimensions) and subitems 
and how they were used to evaluate the quality of clini-
cal research hypotheses. Table  2 presents two examples 
of hypotheses and their quality evaluation results among 
all evaluators when using the 3-item instrument (Appen-
dix 4).

In experimental evaluation 1, the experts’ evaluation 
scores for the 19 hypotheses across the ten dimensions 
were averaged, and none of the ten dimensions could 
achieve a moderate ICC coefficient (> 0.50). ICC, intra-
class correlation coefficients (two-way mixed effects for 
absolute agreement), was used to measure inter-rater 
agreement among the seven experts. According to Koo 
and Li’s guidelines [37], acceptable inter-rater reliability 
should have at least 0.5 or higher ICC values. Therefore, 
experimental evaluation 2 was conducted, validity was 
set as a screening item, and one highest and one lowest 
rated examples of hypotheses from experimental evalua-
tion 1 were provided in the instructions of experimental 
evaluation 2 to help expert panel members calibrate their 
ratings.

In the experimental evaluation 2 result analysis, the 
results of the screening item were checked first. The valid 
sample size included 17 hypotheses (out of 30) in experi-
mental evaluation 2. Then, the inter-rater agreement of 
the 17 hypotheses was checked using ICC analyses. Half 
of the ten dimensions achieved a moderate ICC value 
(0.50–0.75), indicating an acceptable level of absolute 
agreement on the ratings among the seven experts [38]. 
Based on the ICC results, qualitative evaluation of the 
ten dimensions, and our own experience, a decision was 
made to retain three measures (i.e., validity, significance, 
and feasibility) for a shortened version of the evaluation 
instrument.

We averaged experts’ ratings for each item and com-
pared the hypothesis means from the 3-item instrument 
(Appendix 4) and those from the 10-item instrument 
using a paired t-test. The results indicated no signifi-
cant difference between the two sets of ratings (t = 1.74, 
p = .13), which supported the statement that the two 
instruments performed without significant differences. 
Figure  3 shows the 10-item evaluation instrument used 
for experimental evaluation 2, including the highest and 
the lowest-rated hypotheses as examples.
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Table 1  Evaluation items and subitems in the metrics used to assess the scientific hypotheses in clinical research
Evaluation items (10) Subitems (39) Definition/note
Clarity

Clear purposes The hypothesis is clear in each aspect (i.e., subi-
tems), evaluated on a 5-point Likert scaleClear, focused groups

Specified variables
Specified relationships among variables
Overall clear

Clinical relevance
Impact on current clinical practice To test if the hypothesis has the potential to 

have a significant impact on each of these 
aspects (i.e., subitems), evaluated on a 5-point 
Likert scale

Impact medical knowledge
Impact health policy
Overall clinically relevant

Ethicality
No ethical concerns When conducting a study to test a given 

hypothesis, there are no ethical concerns (re-
garding stakeholders and conduction). Consider 
using binary options instead of a 5-point Likert 
scale

Trade my place with a participant if eligible
Overall, an ethical study to test

Feasibility
Regarding needed costs To test if the hypothesis is feasible regarding 

the available resources and scope of the work, 
evaluated on a 5-point Likert scale

Regarding needed time
Regarding the scope of the work
Overall feasible

Interestingness
It interests me The researcher should be able to find interested 

collaborators easily in the field; consider using 
binary options instead of a 5-point Likert scale

I will pursue it if possible.
Overall an interesting idea

Novelty
Leads to innovation in medical practice To test if the hypothesis has the potential to 

lead to innovations in each of these aspects (i.e., 
subitems), evaluated on a 5-point Likert scale

This leads to new methodologies for clinical 
research
It may alter previous findings
Leads to novel medical knowledge
This leads to new findings, which can be 
incremental
Overall novel

Potential benefits and risks
Significant benefits To test if the hypothesis has the potential to 

provide significant benefits over risks to stake-
holders; consider using binary options instead of 
a 5-point Likert scale

No or tolerable risks
The overall benefits outweigh the risks

Significance
Addressing established medical needs To test if the hypothesis has the potential to 

have an impact on each of these aspects (i.e., 
subitems), evaluated on a 5-point Likert scale

Impact future direction of the field
Impact on the target population
Impact the cost and benefit
Overall significant

Testability
It can be tested in an ideal setting The hypothesis can be tested, regardless of feasi-

bility, and evaluated on a 5-point Likert scaleAdequate number of patients to choose from
Overall testable

Validity
Scientific validity The hypothesis is scientifically and clinically 

valid, evaluated on a 5-point Likert scaleClinical validity
Overall valid

Note: Validity, significance, and feasibility, denoted in bold, were used in the brief version of the instrument to conduct gateway evaluations for all the hypotheses 
generated in the study
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Discussion
Interpretation of the results
Hypothesis generation is a highly sophisticated cognitive 
process. Not all information used during the processes 
is a conscious or explicit choice. Our study explored the 
process of scientific hypothesis generation using the same 
clinical datasets to determine whether a secondary data 
analytic tool could facilitate the process. Establishing the 

evaluation metrics was the first step and was the critical 
foundation for the overall study and understanding of the 
entire process. Comprehensive and objective measures 
were given more weight during the development of the 
metrics. In our studies, the clinical researchers gener-
ated a few to over a dozen hypotheses within two hours 
[12, 13]. However, not all hypotheses were of high quality. 
Therefore, it was not conducive to using the experts’ time 

Fig. 3  Ten-item evaluation instrument for clinical research hypothesis screening and evaluation
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to comprehensively evaluate each hypothesis generated 
during the study sessions.

Furthermore, using the entire set of metrics, includ-
ing all items and subitems, to evaluate each generated 
hypothesis may be unnecessary. Thus, we used “gate-
way” evaluations as a filter to identify the higher-quality 
hypotheses. The experts can determine the higher-quality 
hypotheses more carefully, thoroughly, and comprehen-
sively during the comprehensive evaluation. Therefore, 
validity was used as a screening item, and the “not a 

hypothesis” option was added in the initial assessment, 
enlightened by the experimental evaluation 1 results.

The results of experimental evaluation 2 aided in deter-
mining a brief evaluation instrument with the 3 items 
used to evaluate the rest of the hypotheses generated by 
the participants during the gateway evaluation (Figs.  1 
and 2). From the ICC analysis in experimental evalua-
tion 2, feasibility, testability, and clarity have the highest 
ICC values among the ten items, which indicates higher 
agreement on these dimensions among the expert panel 
members. However, empirically, we highly prioritize 

Table 2  Example of hypotheses and evaluation results using the 3-item instrument
Hypothesis Three evaluation items R1 R2 R3 R4 R5 R6 R7 Item means SD Hypothesis

mean ± 95%
confidence interval

H1 Validity 5 5 5 3 4 3 4 4.14 0.83 4.0 ± 0.35
Significance 4 4 4 3 3 2 4 3.43 0.73
Feasibility 5 4 4 4 5 5 4 4.43 0.49

H2 Validity NA 3 4 3 3 3 1 2.83 0.90 2.64 ± 0.52
Significance NA 3 4 4 2 3 2 3 0.96
Feasibility NA 3 2 3 2 1 1 2 0.82

Note: Hypothesis 1: Patients who have hypertension between 2005 and 2015, do hypertension patients have a higher obesity morbidity rate (ICD9 codes: 27801) in 
2015 than in 2005? Hypothesis 2: Whether the changes in packed food consumption caused an increase in diabetes (ICD9 code: #250) from 2005 (case counts: 774) 
to 2015 (case counts: 1281) at the zip code level? R1: reviewer 1; NA: not applicable (i.e., an evaluator cannot assess the item, a hypothesis is invalid, and all following 
items are not evaluated)

Fig. 4  Summary of methods, steps, and corresponding results of development and validation of metrics in assessing the quality of clinical research 
hypotheses
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validity, significance, and novelty for clinical research 
projects. Combining our experience and the statistical 
testing results, we developed two options: validity, signif-
icance, and feasibility; validity, significance, clinical rel-
evance, and feasibility. The testing results indicated that 
both were valid options. Thus, we determined the 3-item 
evaluation instrument for easier operational purposes. 
We used our experience and statistical testing results to 
guide decision-making.

Meanwhile, we noticed negative ICC values in ethi-
cality, potential benefits and risks, and interestingness. 
The results indicated that reaching a consensus on these 
items might be challenging. We recommend that these 
three items change to a binary (yes/no) category instead 
of a 5-point Likert scale to simplify the evaluation and 
improve the agreement among the evaluators.

During the external validation, one major result was 
to add “not applicable” as an option to the evaluation 
instrument under each item and subitem. Considering 
the different backgrounds of expert panel members, this 
additional option helped them to simplify the evaluation 
process. Comparing the statistical results, we noticed a 
significant improvement in experimental evaluation 2, 
mainly due to the examples of the highest and the low-
est-rated hypotheses, which might assist evaluators in 
calibrating their expectations. Furthermore, we reminded 
the evaluators that some statements were not hypotheses, 
i.e., we used validity as a screening item. The experimen-
tal evaluation 2 results are based on 17 valid hypotheses. 
The 13 invalid hypotheses have three or more expert 
panel members who evaluated them as 1 (the lowest 
score) in the dimension of validity.

Although the evaluation of a particular hypothesis by 
an expert can be subjective, we used examples of the 
highest and the lowest-rated hypotheses to assist experts 
in calibrating their expectations more accurately. The 
inclusion of seven expert members balances the subjec-
tivity and provides a more consistent evaluation using 
the same instrument, which aligns with publications in 
the field [39]. In addition, we used objective measures, 
e.g., the number of hypotheses generated and the aver-
age time spent on each hypothesis, and randomized 
the hypotheses during the assessment. These strategies 
helped the expert panel to provide more consistent eval-
uations and allowed us to accurately conclude the qual-
ity of the hypotheses. The two examples and their rating 
results in Table 2 elaborate on the process. According to 
the results, reviewers rated hypothesis 1 (hypertension-
obesity connection) higher in validity, significance, and 
feasibility than hypothesis 2 (diabetes and packed food 
consumption). The rating differences were larger in rat-
ings of validity (4.14 versus 2.83) and feasibility (4.43 ver-
sus 2), although significance ratings were much closer 
(3.43 versus 3). For hypothesis 2, the lower feasibility 

rating might be related to difficulties obtaining dietary 
information over time.

We want to emphasize a critical point for peers who 
may use our metrics and instruments: we strongly 
encourage a pilot evaluation to test validity before the 
metrics are used. We hope our methods in this manu-
script will be used as an example of how such calibra-
tion can be conducted instead of using our example as a 
one-test-fits-all scenario to assume our brief version can 
be applied to all potential assessments. We provided a 
relatively comprehensive evaluation of items and subi-
tems and hoped users could choose needed items from 
the comprehensive pool for their purposes; however, 
such selection should be validated via testing with their 
datasets.

Strengths and weaknesses of the study
The most obvious strength of our study is we developed 
and validated the metrics and instruments for evaluat-
ing hypotheses in a clinical research context. After sev-
eral failed literature searches for existing metrics, scales, 
or instruments, we decided to develop and validate a 
tool for our study and the broader clinical research com-
munity. While preparing this section, we reviewed all 
84 records similar to this manuscript (as a preprint) in 
PubMed, with no publication about similar purposes, 
which further confirmed no such metrics/instruments 
exist. Therefore, this paper is the first to present the met-
rics and instruments to assess scientific hypotheses for 
clinical research projects. We validated and tested them, 
although most evaluation items and subitems origi-
nated from existing textbooks and papers about clinical 
research and clinical trials. The metrics and the instru-
ments are systematic and convenient tools for the clinical 
research community.

We recognize the crucial role of social and ecologi-
cal accountability in modern practices. It entails taking 
responsibility for our products’ impact on society, includ-
ing communities and the environment. We do need to 
emphasize ethical standards and adhere to certain social 
and cultural standards. We hope to address these issues 
in our future research.

This study within the literature context
Although we had several failed literature searches before 
we initiated our study, some similar studies are worth 
mentioning. The first paper is a highly cited methodolog-
ical instrument development and validation paper that 
was published in 2003 by Slim et al., a French group [40]. 
That study comes up with a 12-item list (e.g., stated aim, 
inclusion criteria, loss to follow-up not exceeding 5%) for 
methodological quality evaluation for non-randomized 
studies in surgery [40]. Our study used very similar prin-
ciples during the instrument development and validation. 
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However, we focused on very different evaluation dimen-
sions (quality of hypotheses in clinical research, e.g., 
validity and significance) from theirs (a checklist for 
reporting the quality of nonrandomized studies). A group 
in the UK developed a checklist for research to describe 
health service interventions [41]. The checklist includes 
patient group, organization, location, workforce and 
staffing, and other context information [41]. A clear dif-
ference between their study and ours is that we aim to 
evaluate the quality of the scientific hypotheses in clinical 
research projects despite the overlap between our over-
all goals. There are other efforts to develop and evaluate 
the patient self-assessment instruments to assess pri-
mary care quality [42], instruments for diabetes health 
literacy scales [43], and instruments to assess the qual-
ity of clinical care guidelines [44] and drug studies [45]. 
An additional example includes reporting on the quality 
of randomized control trials [46]. Although these studies 
are remotely relevant to our work, they are different from 
our study. We compare our study with theirs to put our 
metrics and instruments into context and emphasize the 
unique contributions of our study.

Conclusion
The metrics and instruments developed in this study can 
benefit clinical researchers in evaluating their hypoth-
eses more comprehensively, consistently, and efficiently 
before launching a research project, as well as provid-
ing valid instruments for the peer review process in 
clinical research. Our results provide an evidence-based 
brief version (validity, significance, and feasibility) and 
a comprehensive version of the evaluation items (valid-
ity, significance, feasibility, novelty, clinical relevance, 
testability, clarity, ethicality, potential benefits and risks, 
and interesting to others) to assess the quality of clinical 
research hypotheses. The metrics can be used to stan-
dardize the process and provide a consistent tool for this 
highly sophisticated cognitive process.

Supplementary Information
The online version contains supplementary material available at ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​
g​/​1​0​.​1​1​8​6​/​s​1​2​8​7​4​-​0​2​5​-​0​2​4​6​0​-​1​​​​​.​​

Supplementary Material 1

Supplementary Material 2

Supplementary Material 3

Supplementary Material 4

Acknowledgements
All authors would like to thank the expert panel members sincerely for 
their time and expertise; all authors would also like to thank all the study 
participants sincerely; without their help and participation, this work would 
not be possible.

Author contributions
XJ, YZ, JJC, and VLP designed the study. XJ and AW conducted the study 
and cleaned and organized the data. YZ analyzed data. JJC, JHS, and SDL 
participated in the study. CL provided technical support to conduct the study. 
XJ prepared the first draft, and YZ, VLP, and JJC revised the draft substantially. 
All authors reviewed and revised, and approved the manuscript.

Funding
Open access funding provided by the Carolinas Consortium.
The project was supported by the National Library of Medicine 
(R15LM012941) and partially supported by the National Institute of 
General Medical Sciences of the United States National Institutes of Health 
(P20GM121342). The funding bodies played no role in the study’s design, data 
collection, analysis, and interpretation of data, nor in writing the manuscript.

Data availability
All data and instruments were included in the manuscript. Please contact the 
corresponding author if additional data are needed, and the final decision will 
be made on a case-by-case basis.

Declarations

Ethics approval and consent to participate
This study was approved by the Ohio University Institutional Review Board 
(18-X-192) and Clemson University Institutional Review Board (IRB2020-
056). All participants received IRB-approved consent forms before the study 
sessions, and informed consent was obtained verbally from all participants 
before conducting each study session. We confirm that all methods were 
carried out in accordance with relevant guidelines and regulations with 
corresponding citations.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1College of Behavioral, Social, and Health Sciences, Clemson University, 
Clemson, SC, USA
2Patton College of Education, Ohio University, Athens, OH, USA
3Department of Biomedical Informatics and Data Science, Heersink 
School of Medicine, University of Alabama, Birmingham, AL, USA
4College of Osteopathic Medicine, Touro University, Vallejo, CA, USA
5The New York Academy of Medicine, New York, NY, USA
6College of Art and Science, California State University Channel Islands, 
Camarillo, CA, USA
7Russ College of Engineering and Technology, Ohio University, Athens, 
OH, USA
8Department of Public Health Sciences, College of Behavioral, Social, and 
Health Sciences, Clemson University, 519 Edwards Hall, Clemson,  
SC 29634, USA

Received: 10 June 2023 / Accepted: 3 January 2025

References
1.	 Supino P, Borer J. Principles of research methodology: A guide for clinical 

investigators. 2012.
2.	 Parahoo A. Nursing research: Principles, Process & issues. 1997.
3.	 Holyoak KJ, Morrison RG, ed. The Oxford handbook of thinking and reason-

ing. New York: Oxford University Press. 2012.
4.	 Patel VL, Arocha JF, Zhang J. Chapter 30: thinking and reasoning in Medicine. 

In: Holyoak KJ, Morrison RG, editors. The Cambridge Handbook of thinking 
and reasoning. New York: Cambridge University Press; 2005. pp. 727–50.

5.	 Joseph G-M, Patel VL. Domain knowledge and hypothesis generation in 
diagnostic reasoning. Med Decis Making. 1990;10:31–46.

https://doi.org/10.1186/s12874-025-02460-1
https://doi.org/10.1186/s12874-025-02460-1


Page 10 of 10Jing et al. BMC Medical Research Methodology           (2025) 25:11 

6.	 Kaufman DR, Patel VL, Magder SA. The explanatory role of spontaneously 
generated analogies in reasoning about physiological concepts. Int J Sci 
Educ. 1996;18(3):369–86. https:/​/doi.or​g/10.10​80/0​950069960180309.

7.	 Arocha J, Patel V, Patel Y. Hypothesis generation and the coordiantion of 
theory and evidence in novice diagnostic reasoning. Med Decis Making. 
1993;13:198–211.

8.	 Patel V, Groen G. Knowledge based solution strategies in medical reasoning. 
Cogn Sci. 1986;10:91–116. https:/​/doi.or​g/10.12​07/s​15516709cog1001_4.

9.	 Spangler S. Accelerating discovery: mining unstructured information for 
hypothesis generation. 2016.

10.	 Jing X, Emerson M, Masters D, et al. A visual interactive analysis tool for filter-
ing and summarizing large data sets coded with hierarchical terminologies 
(VIADS). BMC Med Inf Decis Mak. 2019;19(31). ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​/​1​0​.​1​1​8​6​/​s​1​2​9​1​
1​-​0​1​9​-​0​7​5​0​-​y​​​​​.​​​

11.	 Jing X, Patel VL, Cimino JJ, et al. The roles of a Secondary Data Analytics Tool 
and Experience in Scientific Hypothesis Generation in Clinical Research: 
protocol for a mixed methods study. JMIR Res Protoc. 2022;11(7):e39414. ​h​t​t​​p​
s​:​/​​/​d​o​​i​.​​o​r​g​/​1​0​.​2​1​9​6​/​3​9​4​1​4​​​​​.​​​

12.	 Jing X, Patel VL, Cimino JJ, et al. A Visual Analytic Tool (VIADS) to assist the 
hypothesis generation process in Clinical Research: mixed methods Usability 
Study. JMIR Hum Factors. 2023;10:e44644. https:/​/doi.or​g/10.21​96/4​4644.

13.	 Draghi B, Ernst M, Patel V, et al. Number of scientific hypotheses and time 
needed in a 2-hour study session among inexperienced clinical research-
ers—preliminary results. AMIA Summit 2023; Mar 18–21, 2023 Mar 13–16, 
2023; Seattle, Washington; 818.

14.	 Jing X, Draghi BN, Ernst MA et al. How do clinical researchers generate data-
driven scientific hypotheses? Cognitive events using think-aloud protocol. 
AMIA Annual Symposium; 2024; San Francisco, California.

15.	 Jing X, Zhou YC, Cimino JJ et al. Development and preliminary validation of 
metrics to evaluate data-driven clinical research hypotheses. AMIA. 2022; 
2022 Nov 5–9, 2022; Washington DC; 1363-64.

16.	 Oates BJ. Researching information systems and computing. London: SAGE; 
2006.

17.	 Wisdom J, Creswell JW. Mixed Methods: Integrating Quantitative and Qualita-
tive Data Collection and Analysis While Studying Patient-Centered Medical 
Home Models. Secondary Mixed Methods: Integrating Quantitative and 
Qualitative Data Collection and Analysis While Studying Patient-Centered 
Medical Home Models 2013. ​h​t​t​​p​s​:​/​​/​p​c​​m​h​​.​a​h​​r​q​.​g​​o​v​/​​p​a​​g​e​/​​m​i​x​e​​d​-​m​​e​t​​h​o​d​​s​-​i​n​​
t​e​g​​r​a​​t​i​n​g​-​q​u​a​n​t​i​t​a​t​i​v​e​-​a​n​d​-​q​u​a​l​i​t​a​t​i​v​e​-​d​a​t​a​-​c​o​l​l​e​c​t​i​o​n​-​a​n​d​-​a​n​a​l​y​s​i​s​-​w​h​i​l​e​​​​​​​

18.	 Kelley-Quon IL, Surveys. Merging qualitative and quantitative research meth-
ods. Semin Pediatr Surg. 2018;27(6):361–66.

19.	 Gallin JI, Ognibene FP, Ognibene FP. Principles and practice of Clinical 
Research. Burlington, UNITED STATES: Elsevier Science & Technology; 2007.

20.	 Embi PJ, Payne PRO. Clinical research informatics: challenges, opportunities 
and definition for an emerging domain. JAMIA. 2009;16:316–27.

21.	 Richesson RL, Andrews JE. Clinical Research Informatics. 2012.
22.	 Hulley S, Cummings S, Browner W, Grady D, Newman T. Designing clinical 

research. 2013.
23.	 Browner W, Newman T, Cummings S, et al. Designing Clinical Research. 5th 

ed. Philadelphia, PA: Wolters Kluwer; 2023.
24.	 Friedman LM, Furberg CD, DeMets DL, Reboussin DM, Granger CB. Funda-

mentals of clinical trials. Springer International Publishing; 2015.
25.	 Glasser SP. Essentials of clinical research. 2014.
26.	 Portney LG. Foundations of Clinical Research: applications to evidence-based 

practice. F.A. Davis; 2020.
27.	 Hicks CM. Research methods for clinical therapists: Applied project design 

and analysis. 1999.
28.	 Pruzan P. Research Methodology: the aims, practices and Ethics of Science. 

Springer International Publishing Switzerland; 2016.
29.	 Farrugia P, Petrisor B, Farrokhyar F, Bhandari M. Research questions, hypoth-

eses and objectives. J Can Chir 2010;50.

30.	 RAND Corporation. Delphi Methods. Secondary Delphi Methods. ​h​t​t​​p​s​:​/​​/​w​w​​
w​.​​r​a​n​d​.​o​r​g​/​t​o​p​i​c​s​/​d​e​l​p​h​i​-​m​e​t​h​o​d​.​h​t​m​l​​​​​​​

31.	 Chitu Okoli SD, Pawlowski. The Delphi method as a research tool: an example, 
design considerations and applications. Inf Manag. 2004;42(1):15–29. ​h​t​t​​p​s​:​/​​/​
d​o​​i​.​​o​r​g​/​1​0​.​1​0​1​6​/​j​.​i​m​.​2​0​0​3​.​1​1​.​0​0​2​​​​​.​​​

32.	 Hohman N, Cote M, Brand J. Research pearls: Expert Consensus based evi-
dence using the Delphi Method. Arthroscopy. 2018;34:3278–82. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​
g​/​1​0​.​1​0​1​6​/​j​.​a​r​t​h​r​o​.​2​0​1​8​.​1​0​.​0​0​4​​​​​.​​​

33.	 Khodyakov D, Grant S, Denger B, et al. Using an online, modified Delphi 
Approach to engage patients and caregivers in determining the patient-
centeredness of Duchenne muscular dystrophy care considerations. Med 
Decis Mak. 2019;39(8):1019–31. https:/​/doi.or​g/10.11​77/0​272989x19883631.

34.	 Hill CE, Knox S. Essentials of consensual qualitative research. American Psy-
chological Association; 2021.

35.	 Jing X, Cimino JJ, Patel VL, et al. Data-driven hypothesis generation among 
inexperienced clinical researchers: a comparison of secondary data 
analyses with visualization (VIADS) and other tools. J Clin Translational Sci. 
2023;8(1):e13. https:/​/doi.or​g/10.10​17/c​ts.2023.708.

36.	 Biesecker L. Hypothesis-generating research and predictive medicine. 
Genome Res. 2013;23:1051–53.

37.	 Koo TK, Li MY. A guideline of selecting and reporting intraclass correlation 
coefficients for reliability research. J Chiropr Med. 2016;15:155–63. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​
o​r​g​/​1​0​.​1​0​1​6​/​j​.​j​c​m​.​2​0​1​6​.​0​2​.​0​1​2​​​​​.​​​

38.	 Cicchetti DV. Guidelines, criteria, and rules of thumb for evaluating normed 
and standardized assessment instruments in psychology. Psychol Assess. 
1994;6(4):284–90. https:/​/doi.or​g/10.10​37/1​040-3590.6.4.284.

39.	 Stetson PD, Bakken S, Wrenn JO, Siegler EL. Assessing electronic note quality 
using the Physician Documentation Quality Instrument (PDQI-9). Appl Clin 
Inf. 2012;3(2):164–74. https:/​/doi.or​g/10.43​38/a​ci-2011-11-ra-0070.

40.	 Slim K, Nini E, Forestier D, Kwiatkowski F, Panis Y, Chipponi J. Methodological 
index for non-randomized studies (minors): development and validation of a 
new instrument. ANZ J Surg. 2003;73(9):712–6. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​/​1​0​.​1​0​4​6​/​j​.​1​4​4​
5​-​2​1​9​7​.​2​0​0​3​.​0​2​7​4​8​.​x​​​​​.​​​

41.	 Dorling H, White D, Turner S, Campbell K, Lamont T. Developing a checklist 
for research proposals to help describe health service interventions in 
UK research programmes: a mixed methods study. Health Res Policy Syst. 
2014;12:12. https:/​/doi.or​g/10.11​86/1​478-4505-12-12.

42.	 Derriennic J, Nabbe P, Barais M, et al. A systematic literature review of patient 
self-assessment instruments concerning quality of primary care in multipro-
fessional clinics. Fam Pract. 2022;39(5):951–63. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​/​1​0​.​1​0​9​3​/​f​a​m​p​r​
a​/​c​m​a​c​0​0​7​​​​​.​​​

43.	 Lee EH, Lee YW, Lee KW, Nam M, Kim SH. A new comprehensive diabetes 
health literacy scale: development and psychometric evaluation. Int J Nurs 
Stud. 2018;88:1–8. https:/​/doi.or​g/10.10​16/j​.ijnurstu.2018.08.002.

44.	 AGREE Collaboration. Development and validation of an international 
appraisal instrument for assessing the quality of clinical practice guidelines: 
the AGREE project. Qual Saf Health Care. 2003;12(1):18–23. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​g​/​1​0​.​
1​1​3​6​/​q​h​c​.​1​2​.​1​.​1​8​​​​​.​​​

45.	 Cho MK, Bero LA. Instruments for assessing the quality of drug studies pub-
lished in the medical literature. JAMA. 1994;272(2):101–4.

46.	 Kumar S, Mohammad H, Vora H, Kar K. Reporting quality of Randomized 
controlled trials of Periodontal diseases in Journal Abstracts-A cross-sectional 
survey and bibliometric analysis. J Evid Based Dent Pract. 2018;18(2):130–
e4122. https:/​/doi.or​g/10.10​16/j​.jebdp.2017.08.005.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.1080/0950069960180309
https://doi.org/10.1207/s15516709cog1001_4
https://doi.org/10.1186/s12911-019-0750-y
https://doi.org/10.1186/s12911-019-0750-y
https://doi.org/10.2196/39414
https://doi.org/10.2196/39414
https://doi.org/10.2196/44644
https://pcmh.ahrq.gov/page/mixed-methods-integrating-quantitative-and-qualitative-data-collection-and-analysis-while
https://pcmh.ahrq.gov/page/mixed-methods-integrating-quantitative-and-qualitative-data-collection-and-analysis-while
https://www.rand.org/topics/delphi-method.html
https://www.rand.org/topics/delphi-method.html
https://doi.org/10.1016/j.im.2003.11.002
https://doi.org/10.1016/j.im.2003.11.002
https://doi.org/10.1016/j.arthro.2018.10.004
https://doi.org/10.1016/j.arthro.2018.10.004
https://doi.org/10.1177/0272989x19883631
https://doi.org/10.1017/cts.2023.708
https://doi.org/10.1016/j.jcm.2016.02.012
https://doi.org/10.1016/j.jcm.2016.02.012
https://doi.org/10.1037/1040-3590.6.4.284
https://doi.org/10.4338/aci-2011-11-ra-0070
https://doi.org/10.1046/j.1445-2197.2003.02748.x
https://doi.org/10.1046/j.1445-2197.2003.02748.x
https://doi.org/10.1186/1478-4505-12-12
https://doi.org/10.1093/fampra/cmac007
https://doi.org/10.1093/fampra/cmac007
https://doi.org/10.1016/j.ijnurstu.2018.08.002
https://doi.org/10.1136/qhc.12.1.18
https://doi.org/10.1136/qhc.12.1.18
https://doi.org/10.1016/j.jebdp.2017.08.005

	﻿Development, validation, and usage of metrics to evaluate the quality of clinical research hypotheses
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Study flow
	﻿Metrics development
	﻿Internal validation
	﻿External validation
	﻿External validation: experimental evaluation 1
	﻿External validation: experimental evaluation 2
	﻿Instruments used

	﻿Results
	﻿Discussion
	﻿Interpretation of the results
	﻿Strengths and weaknesses of the study
	﻿This study within the literature context

	﻿Conclusion
	﻿References


