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Strengths and limitations of this study

 ► We developed and tested a novel offline Writing Aid, 
for authors to use reporting guidelines while writing 
research findings, using a validated measure for the 
intention of use.

 ► This is the first study to test the application of re-
porting guidelines in a real- life setting with a diverse 
group of participants, including researchers from 
low/middle- income countries, reporting results from 
a variety of study designs.

 ► The Writing Aid software was a prototype and im-
provements are required to resolve technical errors.

 ► The subjective nature of outcomes, short exposure 
to the intervention and the no washout period be-
tween the applications of both tools are limitations.

 ► The study did not assess completeness of reporting 
and further assessment is necessary in this regard.

AbStrACt
Objectives To assess the intention of using a Writing 
Aid software, which integrates four research reporting 
guidelines (Consolidated Standards of Reporting Trials, 
Preferred Reporting Items for Systematic Reviews 
and Meta- Analyses, Strengtheningthe Reporting 
of Observational Studies in Epidemiology and 
STrengtheningthe Reporting of Observational Studies 
in Epidemiology- nutritional epidemiology) and their 
Elaboration & Explanation (E&E) documents during the 
write- up of research in Microsoft Word compared with 
current practices.
Design Two- arms crossover randomised controlled trial 
with no blinding and no washout period.
Setting Face- to- face or online sessions.
Participants 54 (28 in arm 1 and 26 in arm 2) doctoral 
and postdoctoral researchers.
Interventions Reporting guidelines and their E&E 
document were randomly administered as Writing Aid or 
as Word documents in a single 30 min to 1 hour session, 
with a short break before crossing over to the other study 
intervention.
Primary and secondary outcomes Using the Technology 
Acceptance Model, we assessed the primary outcome: the 
difference in the mean of intention of use; and secondary 
outcomes: the difference in mean perceived ease of use 
and perceived usefulness. The three outcomes were 
measured using questions with a 7- point Likert- scale. 
Secondary analysis using structural equation modelling 
(SEM) was applied to explore the relationships between 
the outcomes.
results No significant difference in reported intention 
of use (mean difference and 95% CI 0.25 (–0.05 to 0.55), 
p=0.10), and perceived usefulness (mean difference and 
95% CI 0.19 (–0.04 to 0.41), p=0.10). The Writing Aid 
performed significantly better than the word document on 
researchers’ perceived ease of use (mean difference and 
95% CI 0.59 (0.29 to 0.89), p<0.001). In the SEM analysis, 
participants’ intention of using the tools was indirectly 
affected by perceived ease of use (beta 0.53 p=0.002).
Conclusions Despite no significant difference in the 
intention of use between the tools, administering reporting 
guidelines as Writing Aid is perceived as easier to use, 
offering a possibility to further explore its applicability to 
enhance reporting adherence.

IntrODuCtIOn
Incomplete reporting of study results in 
biomedical research is considered unethical 
and a waste of (often public) resources.1 A 
way to increase the usefulness of research 
is to ensure that all essential information is 
included in a research manuscript.

Over the last decades, reporting guide-
lines have been developed and used to 
increase the completeness and transparency 
of research findings. A reporting guideline is 
commonly organised as a checklist of essen-
tial items that should be addressed when 
reporting research manuscripts, in combi-
nation with a flow diagram that specifies the 
items to be reported during the write up of 
the study.2 Reporting guideline’s Elaboration 
& Explanation (E&E) documents provide 
additional explanation and examples of the 
recommendations.2

The publication of the Consolidated Stan-
dards of Reporting Trials ‘CONSORT’ in 
1996,3 was followed by a steady increase in 
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reporting guidelines development for different types of 
study designs including the Preferred Reporting Items 
for Systematic Reviews and Meta- Analyses ‘PRISMA’ 
Statement4 and the Strengthening the Reporting of 
Observational Studies in Epidemiology ‘STROBE’ State-
ment.5 Extensions of reporting guidelines have also been 
developed for specific fields, such as the STrengthening 
the Reporting of Observational Studies in Epidemiology- 
nutritional epidemiology (STROBE- nut), which aims 
to improve the completeness of reporting for nutrition 
research.6 Currently, there are >400 reporting guide-
lines indexed by the EQUATOR Network, an interna-
tional organisation that promotes the use of reporting 
guidelines.7

However, present use of reporting guidelines requires 
consideration. Reporting guidelines are typically applied 
at the final stages of the writing process to address journal 
requirements.8 As a result, reporting guidelines might be 
considered as an administrative burden rather than a tool 
to improve research quality. Moreover, research on the 
usefulness of reporting guidelines from the points of view 
of the authors is scarce. Previous studies have focused on 
the completeness of reporting as an outcome measure, 
which is tailored differently to each reporting guide-
line,9 10 rather than their usefulness. Perceived intention 
of use can give an indication of researchers’ willingness to 
adhere to reporting guidelines.

Long- term adherence to reporting guidelines will 
depend on how well they are integrated into day- to- day 
practices and workflows of researchers during the writing 
process.11 In a survey conducted in 2012, among system-
atic review authors to test a PRISMA extension, authors 
recommended the integration of the reporting guide-
line elements into a systematic review software.12 There 
have been initiatives attempting to develop new tools and 
test their impact on reporting guideline adherence. For 
example, the online COBWEB tool9 13 guides authors on 
how to apply the CONSORT reporting guideline to their 
manuscript and Penelope, an automated online tool, 
generates automatic checks of manuscripts written in MS 
Word. Penelope is currently being integrated and tested 
in an online journal submission application.14–16 A recent 
study also developed a writing tool, and a template with 
the minimum amount of information to report regarding 
data handling of biomarkers in metabolomics.17 Never-
theless, none of these efforts focuses on the uptake of 
several reporting guidelines during the writing process, 
using common offline writing platforms such as Microsoft 
Word.

In recognition of these issues, we developed a Writing 
Aid tool that integrates the reporting guidelines and 
their E&E documents, in the form of an Add- in for 
Microsoft (MS) Word (V.1.0, Automaticals Consulting),18 
and assessed participants’ intention to use it during 
the writing process, using the Technology Acceptance 
Model (TAM). The TAM model has been validated and 
applied previously to test software in similar settings. It 
has been used in office environment operations (eg, text 

editor, voicemail), software application development (eg, 
software maintenance tool) and core business process 
software (eg, production control tools).19 The overall 
objective was to investigate researchers’ intention of using 
the reporting guidelines as a Writing Aid in Word versus 
the traditional approach of a Word document and the 
E&E document. Secondary objectives included perceived 
usefulness and perceived ease of use. We also assessed 
how perceived usefulness and perceived ease of use were 
associated with the intention of use. The questionnaires 
contained questions with a 7- point Likert- scale response 
ranging from extremely unlikely (‘1’) to extremely likely 
(‘7’) (online supplementary appendix 1). The intention 
of use outcome was constructed from two questions:

Q1—Assuming I have access to the reporting guide-
lines documents (as a MS Word table and elaboration 
and explanation document/Writing Aid), I intend to 
use it.
 Q2—Given access to the reporting guidelines docu-
ments (as a MS Word table and elaboration and expla-
nation document/Writing Aid), I predict that I would 
use it.

The perceived usefulness outcome was constructed 
from four questions. Participants were asked to rate the 
reporting guideline usefulness (using the Writing Aid and 
Word Document) based on the tool’s ability to improve 
completeness of reporting, increase productivity, enhance 
effectiveness and usefulness. The perceived ease of use 
outcome was also constructed from four questions. Partic-
ipants were asked to rate the ease of using the reporting 
guidelines (using the Writing Aid and Word Document) 
based on how flexible, easy to use, easy to provide guid-
ance, clear and understandable it was to interact with.

The study was conceived by authors of STROBE- nut, as 
an approach to improve its uptake. However, during the 
study set up, and the software development, it became 
clear that the intention of use and the software developed 
are relevant for other reporting guidelines. As a proof- 
of- concept study, CONSORT, PRISMA and STROBE 
were included to test the wider application within other 
research designs and fields.

MethODOlOgy
Study design and participants
We performed a randomised controlled crossover trial 
comparing two ways (tools) of administering research 
reporting guidelines and their E&E documents; that is, 
using the traditional Word checklists and documentation 
(Control: Word Document) versus using the Writing Aid 
software V.1.0 (intervention: Writing Aid).

Due to the crossover nature of the study design, each 
participant tested both tools in one of the two alternative 
sequences representing the two study arms. Arm 1 partic-
ipants received the Writing Aid first followed by the Word 
Document and arm 2 participants received the Word 
Document first followed by Writing Aid. Participants were 
assigned to one of the two study arms randomly. For this 

 on N
ovem

ber 7, 2019 by guest. P
rotected by copyright.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2019-030943 on 6 N
ovem

ber 2019. D
ow

nloaded from
 

https://dx.doi.org/10.1136/bmjopen-2019-030943
http://bmjopen.bmj.com/


3Hawwash D, et al. BMJ Open 2019;9:e030943. doi:10.1136/bmjopen-2019-030943

Open access

purpose, at the start of the study, the lead investigator 
(DH) generated a randomisation list using Microsoft 
Excel, where numbers from 1 to 100 were randomised 
into either arm 1 or arm 2. Then, each randomisation 
number with its corresponding arm were written on a 
piece of paper, folded and put into a box to be picked 
by participants on the study day. There was no washout 
period between the testing of the two tools. Neither the 
study participants nor the researchers were blinded to 
the sequence of the intervention allocation, or assess-
ment of outcomes. No formal sample size calculation was 
conducted and we aimed to collect as many responses as 
possible. This study was reported using the CONSORT 
recommendations20 (see online supplementary appendix 
2).

Purposive sampling and snowballing was used to 
recruit participants from May until the end of October 
2018. Eligible subjects were doctoral and postdoctoral 
researchers who were writing or had recently published 
a paper in any biomedical research field in the previous 
6 months. Personalised email invitations were dissemi-
nated to potentially eligible students at Ghent Univer-
sity, the University of Split, the Methods in Research on 
Research ‘MiRoR’ network, and at conferences (Feder-
ation of European Nutrition Societies, Belgrade 2018, 
Tropentag Gent 2018, The Cochrane Colloquium 2018). 
Twitter and posters were also used to circulate the invita-
tion to a wider audience.21

tools
Writing Aid
The Writing Aid software was developed as a Micro-
soft Word Add- in in Visual Basic and it works offline 
on all versions of Microsoft Office, operating on a 
Windows system (Writing Aid software V.1.0, Automat-
icals Consulting).18 For each checklist, the tool gener-
ates a specific checklist table, dropdown menu options 
containing the reporting requirements, and an informa-
tion box that contains the text of the E&E manuscript for 
each checklist. The tool has the following functionalities:
1. Users can select a checklist applicable to their manu-

script. Once selected, a reporting table is automatically 
added at the end of the manuscript.

2. Authors can annotate manuscript text (right mouse 
click) and tag it to the corresponding item of the 
checklist.

3. The annotation is visually displayed in the margins 
(similar to the Comments function in Word docu-
ment) with the tagged text automatically copied into 
the reporting table at the end of the paper. When an-
notated text is edited, it is also updated in the table.

4. After completing the annotation process, users have 
the option to fill in the remaining blank items in the 
reporting table and provide additional explanations 
why certain items are not reported.

The flowcharts of PRIMSA and CONSORT were not 
included. The decision was made as the study mainly 
focused on the writing process. Although flowcharts 

provide crucial information for the manuscript, they are 
not typically part of the narrative sections. Moreover, 
their inclusion requires further sophistication of software 
programming, which time and resources did not allow. 
The user manual can be found on GitHub18 and in online 
supplementary appendix 3.

Traditional tool-Word document
For the control (Word Document) tool, we used the rele-
vant checklists of reporting guidelines and their E&E 
document which were downloaded from the relevant 
websites.22–25

Study procedures
The study was administered in the computer labs of 
Ghent University under the supervision of the lead 
investigator (DH). In the protocol, it was planned to 
conduct all sessions face- to- face. However, to recruit as 
many researchers as possible we used video calls through 
Skype for those residing outside Ghent. On the testing 
day, participants drew a randomisation code. When the 
study was done remotely using Skype video call, the lead 
investigator (DH) picked the piece of paper containing 
the code.

Participants could select whichever paper, with a rele-
vant study design (systematic reviews, observational 
studies or randomised controlled trials), to test the tools.

Prior to the application of the Writing Aid, the lead 
investigator (DH) ensured the Writing Aid was correctly 
installed and functional. There was minimal social inter-
action with participants during the study to minimise 
social desirability bias. Apart from resolving technical 
errors, no additional assistance related to the study or 
use of checklists was provided. When technical errors 
could not be resolved, another computer was provided 
or participants were asked to use a different device if they 
were participating remotely.

After allocation, participants completed a baseline 
questionnaire and read a half page explanatory docu-
ment (online supplementary appendix 1). The document 
included a list of points that summarised the concept 
of reporting guidelines. There were no clarifications 
regarding the content of reporting guidelines. Partici-
pants worked at their own pace and had a maximum of 
1 hour to test each tool.

In arm 1, participants applied the Writing Aid to their 
document first. If they wanted to access the E&E docu-
ment, they could use the information box. A user manual 
and a 3 min video on the functionalities of the tool were 
provided.18 In arm 2, participants manually applied the 
reporting guidelines as a Word Document by inserting 
the page number where the relevant information could 
be found in their manuscript. They were also given the 
E&E document.

On completion of testing the first tool, participants 
were asked to complete the first evaluation questionnaire 
(online supplementary appendix 1 with questionnaires). 
A break of a few minutes was given, and then participants 
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Figure 1 Technology Acceptance Model hypothesised pathways of intervention effect on intention of use: direct, indirect.

began the test of the other tool. The second evaluation 
questionnaire was administered after the last test.

Survey instruments
Study outcomes and measurement
The primary study outcome was subjects’ intention of 
using the reporting guideline as Writing Aid and Writing 
Document. Secondary outcome measures included 
subjects’ perceived ease of use and perceived usefulness 
of the two tools.

Self- administered structured questionnaires applied via 
Qualtrics (Qualtrics XM, Provo, Utah, USAT) were used 
to collect data on study outcome measures and other 
relevant variables. All questionnaires were piloted by the 
primary investigators (DH, MKS and CL) for clarity. The 
study outcomes, that is, intention of use, perceived ease 
of use and perceived usefulness, were measured using 
validated instruments adapted from the TAM.26 27

In addition to the three outcomes based on the TAM 
instrument, the respondents’ preferred tool for later use 
and the occurrence of technical errors encountered were 
assessed.

Baseline and relevant characteristics of participants 
were gathered, including their research experience, role 
in the study used, study design of the manuscript tested 
and previous experience with reporting guidelines. 
Previous experience included previous use, frequency of 
use and motivation of use. We also assessed participant’s 
prior knowledge regarding reporting guidelines using a 
validated tool to assess knowledge regarding checklists.28 
Subjective knowledge, considering the utilisation and 
content of the reporting guidelines, was measured with 
two questions on a 5- point Likert scales ranging from 
very unknowledgeable (1) to very knowledgeable (5). 
Objective knowledge was measured using six true or false 
statements. Three true statements were included (1) it is 
acceptable to report that some items on the checklist are 
not applicable to my study; (2) reporting on items that 
are not carried out will add more clarity to my paper and 

will not lead to rejection; (3) the checklists aim to make 
reporting more clear, complete and transparent. The 
three false statements were (1) the checklist should be 
used to evaluate the quality of papers; (2) the reporting 
checklists must be completely filled out, or my paper will 
be rejected; (3) the checklist aims to improve communi-
cation between coauthors.

Statistical methods
Data cleaning and analysis were conducted using Stata 
V.14.1 (StataCorp). All analyses were two- sided and statis-
tical significance was considered at alpha <0.05. Data 
were checked for consistency, missing values, outliers 
and normality prior to analysis. Descriptive statistics were 
reported using percentage and mean with SD.

For the main analysis of the intervention effects on the 
outcome variables intention of use, perceived ease of use 
and perceived usefulness, we analysed the data according 
to the two period crossover trial design. Prior to testing 
the treatment effect, we confirmed the absence of any 
potential sequence or period effect using independent- 
sample t- test and paired- sample t- test, respectively. The 
intervention effect was estimated by looking at the 
average of the treatment difference for each period using 
paired- sample t- test.29 We used the t- test to test the differ-
ence in mean intention of use, perceived usefulness and 
ease of use after confirming normality of data. The inter-
vention effect- size for the difference between Writing 
Aid and Word Document was reported using Cohen’s d 
(mean difference/SD) with values ≤0.2, 0.2> and <0.8, 
and ≥0.8 considered as small, medium and large inter-
vention effects, respectively.30

To provide an explanation for participants’ intention of 
using the tools (Writing Aid vs Word Document), which is 
related to perceived ease of use and/or perceived useful-
ness, we also conducted structural equation modelling 
(SEM) guided by the TAM (figure 1). Based on TAM, we 
hypothesised that the use of the Writing Aid for reporting 
guidelines would result in increased subjects’ intention 

 on N
ovem

ber 7, 2019 by guest. P
rotected by copyright.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2019-030943 on 6 N
ovem

ber 2019. D
ow

nloaded from
 

http://bmjopen.bmj.com/


5Hawwash D, et al. BMJ Open 2019;9:e030943. doi:10.1136/bmjopen-2019-030943

Open access

Figure 2 Participants flowchart. Period 0, period 1 and period 2 represent the baseline, first test and second test data 
collection, respectively.

of use compared with the use of the Word Document, 
which could be facilitated through: (1) immediate 
pathway between subjects’ better perceived ease of use 
for the Writing Aid compared with the Word Document 
leading to a better intention of use and (2) chain pathway 
in which subjects’ better perceived ease of use could 
lead to a better perceived usefulness of the Writing Aid 
compared with the Word Document and finally result in a 
better intention of use. We assumed that perceived useful-
ness would not be affected by the intervention used, as 
the same checklist content was applied in both arms. SEM 
with maximum likelihood estimation was fitted to model 
the hypothesised relationships described above. In the 
measurement models, factor analysis was employed to 
estimate the latent variables intention of use, perceived 
usefulness and perceived ease of use from their construct 
observed variables. We estimated both unstandardised 
and standardised estimates of the direct and indirect 
effect of the treatment (Writing Aid vs Word Document) 

on intention of use through the hypothesised pathways. 
We evaluated the reliability of the measurement scales 
and the relative importance of each construct variable 
in a scale using Cronbach’s alpha coefficient (alpha >0.7 
was considered acceptable),31 item- total correlation coef-
ficients and factor loadings. Model goodness- of- fit was 
checked using fit statistics including the Comparative Fit 
Index >0.95, Tucker- Lewis Index>0.95, Standardised Root 
Mean Squared Residual <0.08, Root Mean Square Error 
of Approximation <0.06.32

ethics
Informed consent was electronically collected and the 
study protocol was registered prior to the study (20 April 
2018).33

Patient and public involvement
We did not involve patients or the public in our study.
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Table 1 Sample characteristics

Sample characteristics N (%)

Research experience

  PhD student 43 (80)

  Post- doctoral student 11 (20)

Affiliation regarding the current paper

  First author 50 (93)

  Coauthor 4 (7)

Study design

  Systematic review 10 (19)

  Randomised controlled study 11 (20)

  Observational study (cross- sectional, cohort, 
case- control)

33 (61)

Previous reporting guidelines use*

  No, it will be my first time to use reporting 
guidelines

27 (50)

  Yes, to write or co- write a paper 13 (22)

  Yes, to write this paper 11 (17)

  Yes, to review a paper 2 (2)

Frequency of reporting guidelines use

  Never 19 (35)

  Rarely 12 (22)

  Sometimes 9 (17)

  Usually 12 (22)

  Every time 2 (4)

Motivation of guideline use*†

  Self- motivation or motivation from colleagues or 
coauthors

12 (22)

  Journal suggestions to use checklists within the 
writing process

1 (2)

  Journal requirements to fill the checklist at the 
end

5 (9)

Subjective knowledge

How do you rank your knowledge with respect to 
the content of the reporting guideline?‡

  Very knowledgeable 3 (6)

  Somewhat knowledgeable 17 (31)

  Neither knowledgeable nor unknowledgeable 8 (15)

  Somewhat unknowledgeable 10 (19)

  Very unknowledgeable 15 (28)

How do you rank your knowledge with respect to 
the utilisation of the reporting guideline?

  Very knowledgeable 2 (4)

  Somewhat knowledgeable 17 (31)

  Neither knowledgeable nor unknowledgeable 9 (17)

  Somewhat knowledgeable 11 (20)

  Very unknowledgeable 15 (28)

Objective Knowledge

Continued

Sample characteristics N (%)

  Answer the following statement with true or 
false (frequency of the correct answer)

  The checklist should be used to evaluate the 
quality of papers* (FALSE)

9 (17)

  The reporting checklists must be completely 
filled, or my paper will be rejected† (FALSE)

37 (69)

  It is acceptable to report that some items on the 
checklist are not applicable to my study* (TRUE)

49 (91)

  Reporting on items that are not carried out will 
add more clarity to my paper and will not lead to 
rejection* (TRUE)

36 (69)

  The checklists aim to make reporting more clear, 
complete and transparent*(TRUE)

51 (94)

  The checklist aim to improve communication 
between coauthor* (FALSE)

34 (63)

*Indicate a multiple- response question.
†n = 27
‡n=53

Table 1 Continued

reSultS
Participants
We recruited 54 participants between May and October 
2018, of which 28 and 26 were randomly allocated in 
arms 1 and 2, respectively; all participants completed the 
trial (figure 2). It was not possible to assess response rate, 
as recruitment methods used a snowballing approach. 
However, in this study only those who willingly wanted to 
participate n=54 completed the study.

As shown in table 1, 80% (n=42/54) of the sample was 
PhD students and nearly all (n=50/54, 93%) were the 
first author of the manuscript. Over half (n=33/54, 61%) 
reported findings of an observational study, (n=11/54, 
20%) a randomised controlled trial and (n=10/54, 19%) 
a systematic review. Half of the sample (n=27) had never 
used any reporting guideline before and almost half of the 
sample (n=25) considered themselves unknowledgeable 
regarding reporting guidelines’ content or their utilisa-
tion (n=26). Only 17% (n=9/52) correctly answered that 
reporting guidelines should not be used as an evaluation 
tool for the quality of the paper. Almost all participants 
(94% and 91%) correctly answered the two statements 
regarding the aim of the reporting guidelines.

Outcomes
We did not find a significant sequence or period effect 
(p>0.05) in the crossover design. Table 2 shows that there 
was no significant difference in the performance between 
the Writing Aid and the Word Document for both the 
primary outcome; intention of use (mean difference and 
95% CI 0.25 (-0.05 to 0.55), p=0.10), and perceived useful-
ness (mean difference and 95% CI 0.19 (-0.04 to 0.41), 
p=0.10). A significant effect was found when comparing 
the perceived ease of use of the Writing Aid compared 
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Table 2 Effect of the intervention on primary and secondary outcomes, mean (SD), comparing Writing Aid and MS Word tools 
in a crossover design (n=54)

Outcomes (factor 
score)

MS Word
Mean (SD)

Writing Aid
Mean (SD)

Mean difference and 
95% CI*

P value of mean 
difference

Effect- size 
95% CI*

Intention of use 5.51 (1.24) 5.84 (1.24) 0.25 (-0.05 to 0.55) p=0.10 0.23 (-0.05 to 0.5)

Perceived usefulness 5.38 (1.14) 5.63 (1.06) 0.19 (-0.04 to 0.41) p=0.10 0.23 (-0.04 to 0.5)

Perceived ease of use 5.25 (1.30) 5.98 (0.93) 0.59 (0.29 to 0.89) p<0.001 0.54 (0.25 to 0.83)

*Cohen’s d values used to estimate the effect size for the difference between the interventions (ie, Writing Aid minus MS Word documentation 
scores) in terms of SD scores; Cohen’s d values (x≤0.2, 0.2<x<0.8 and x≥0.8), represents small, medium and large effects.

Table 3 Structural equation modelling: parameter estimates for the hypothesised pathways: direct, indirect and total effects, 
beta coefficient and p values

Hypothesised pathway

Standardised estimate

Direct effect
beta coefficient 
(SD) P value

Indirect effect
beta coefficient 
(SD) P value

Total effect
beta coefficient 
(SD) P value

Structural
PU <- PEU

0.56 (0.11) <0.001* 0.56 (0.11) <0.001*

PU <- Intervention effect 0.33 (0.11) 0.003* 0.33 (0.11) 0.003*

PEU <- Intervention effect 0.60 (0.18) 0.001* 0.60 (18) 0.001*

IU <- PU 1.23 (0.21) <0.001* 1.23 (0.21) <0.001*

IU <- PEU 0.23 (0.14) 0.11 0.69 (0.14) <0.001* 0.92 (0.15) <0.001*

IU <- Intervention effect −0.03 (0.16) 0.87 0.53 (0.17) 0.002* 0.50 (0.21) 0.02*

Goodnessof fit results R2: R- squared = 0.145; standardised root mean squaredresidual = 0.048, root mean square error of approximation = 
0.074, CFI = 0.975,TLI = 0.965.
CFI, Comparative Fit Index; IU, intention of use; PEU, perceived ease of use; PU, perceived usefulness; TLI, Tucker- Lewis Index.

with the Word Document (mean difference and 95% CI 
0.59 (0.29 to 0.89), p<0.001).

In the present sample, the Cronbach’s alphas were 0.87, 
0.89 and 0.97 for perceived usefulness, perceived ease of 
use and intention of use, respectively (online supplemen-
tary appendix 4). SEM indicated an acceptable goodness 
of fit, as the Comparative Fit Index and Tucker- Lewis 
Index were both above 0.95. The standardised root mean 
squared residual was below the cut- off of 0.08, but the 
root mean square error of approximation was not below 
its cut point of 0.06. Based on Schreiber et al, all reported 
measures indicate that there is an acceptable goodness of 
fit between our data and the model.32

As shown in table 3, the total effect of the Writing Aid 
on intention of use was significantly mediated through 
higher perceived ease of use vs the Word Document (beta 
coefficient 0.5, p=0.02). The direct component was nega-
tive 0.03; by contrast the indirect effect was 0.53, indi-
cating that the effect of the Writing Aid on the intention 
of use was fully arbitrated by perceived ease of use. The 
total effect of the perceived ease of use (Writing Aid vs 
Word Document) on intention of use was 0.92. An esti-
mated 25% (0.23/0.92) of the effect of perceived ease of 
use on intention of use is direct, while 75% of the effect 
was indirect and was mediated through perceived useful-
ness. A significant indirect effect of the tools (Writing Aid 

vs Word Document) on perceived usefulness mediated 
through perceived ease of use was observed.

Other measures
More than two- third of the sample (n=42, 77%) selected 
the Writing Aid as the preferred method of use for later 
use. Almost one- third of the study sample (n=17, 32%) 
encountered a technical issue when installing the Writing 
Aid.

DISCuSSIOn
This study attempted to test the intention to use of a 
novel Writing Aid software vs the traditional Word Docu-
ment version of several widely used reporting guidelines. 
This paper extends prior knowledge by using an interven-
tion to test the uptake of reporting guidelines in a real- life 
writing process, using all sections of a paper.

In the present study, participants indicated no signifi-
cant difference in intention of use, and perceived useful-
ness between the two tools. This can be explained by the 
fact that the two applied interventions contained the 
same recommendations for reporting. However, partici-
pants perceived the Writing Aid to be easier to use than 
the Word Document with a significant effect. This can be 
attributed to the difference in application characteristics 
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(integrated software vs a MS Word document). The results 
further show that the perceived ease of use of the guide-
lines as a Writing Aid can indirectly affect the intention of 
use as an important condition to increase adherence to 
reporting guidelines.

Half of the sample had never used any reporting guide-
line before participating in this study. However, after 
being exposed to the two tools, more than two- thirds 
of the sample answered that the Writing Aid was their 
preferred method of use. It is important to note that 
preferences might not lead to intention of use and actual 
use. This study sheds light on subjective and objective 
knowledge as important prerequisites for the application 
of reporting guidelines. The findings support Shamseer 
et al’s recommendation for a more active approach to 
improve reporting guidelines implementation, targeting 
the knowledge, beliefs, education and motivations of 
authors.34 Earlier introduction of reporting guidelines as 
a Writing Aid could become a formative process, where 
researchers are continuously exposed to and reminded 
of the content and use of the reporting guidelines items, 
leading to more complete research papers. Moreover, 
writing is an iterative process, thus repeated exposures 
to guidelines within and throughout the process may 
result in the greatest benefits to adherence. In addition, 
a digital ecosystem of software is increasingly being used 
to do research (eg, reference management software), and 
integrated tools such as the Writing Aid can be of added 
value. Furthermore, a user friendly system of applying the 
reporting guidelines can enhance self- efficacy towards 
their use.35 Authors are generally unaware of the value 
of reporting guidelines and those responding to peer 
reviewers have problems adhering to reporting guide-
lines.10 Thus, aligning education efforts to integrate 
reporting guidelines into the workflow, as educational 
tools, could be the first step. A holistic system approach 
and support (universities, professors, peer reviewers, 
journals) is needed to encourage the use, and uptake of 
writing aids.35

Our study had several strengths. We applied the tools 
within an approximation of a real life setting with partic-
ipants who were in the process of writing- up personal 
research findings. Second, the tool works offline, which 
allowed us to have participants from a variety of settings, 
including countries with poor internet connectivity (ie, 
Ethiopia). Third, we accommodated a variety of topics 
and research designs. Lastly, we assessed the subjective and 
objective knowledge of the participants at baseline. With 
a new version, the Writing Aid software could incorporate 
more reporting guidelines. Furthermore, the Writing Aid 
software is open access and constructive contributions to 
improve the software are welcomed.

Our study had some limitations. First, to minimise drop-
outs, we did not include a washout period and conducted 
both interventions on the same manuscript in one 
session. The fact that half of our sample was not exposed 
to reporting guidelines before could have increased the 
chances of treatment period interaction, including a 

ceiling effect. SEM, which was conducted as a secondary 
analysis, was potentially underpowered. A larger sample 
size could have increased the power of the study, the statis-
tical significance and the bias in the parameter estimates 
used in the SEM.36 Second, participants were asked to test 
both tools on the same manuscript in a testing session that 
lasted 1 hour. The length of exposure is not representative 
of the whole writing procedure, which is a lengthy process 
that contains several iterations between coauthors. Third, 
we did not assess actual reporting completeness or correct 
filling of the checklist. Most manuscripts were still in draft 
form and were not collected as a part of the study. Fourth, 
purposive sampling was used. The majority (80%) of the 
participants were PhD students, which might be unrepre-
sentative for other authors. Further assessment in authors 
with more seniority is required. Fifth, intention of use, 
perceived ease of use and perceived usefulness were all 
collected at the same time, thus not allowing enough time 
for participants to experiment with the tools and assess 
the intention of use and actual use correctly. We consider 
the present study as a first step to assess the usefulness of 
our Writing Aid, whereas assessing reporting complete-
ness was neither relevant, nor realistic at this stage.

COnCluSIOnS
The results of our study encourage a follow- up randomised 
controlled study with a longer exposure time and washout 
period. This will offer the possibility to further explore 
the potential applicability of our Writing Aid to enhance 
reporting guideline adherence. The findings of this study 
are encouraging for further product development and 
testing in a more representative sample of researchers.

twitter Melissa K Sharp @sharpmelk

Acknowledgements The authors acknowledge Automaticals Consulting for 
developing the software and Dr Nathalie De Cock for her input during protocol 
development.

Contributors Conceptualisation: CL, DH and PK. Supervision: CL and PK. Wrote 
the first draft of the manuscript: DH. Contributed to the writing of the manuscript: 
CL, MKS and PK. Analysis: AA and DH. Agree with the study design, and findings: 
AA, CL, DH, MKS and PK. All authors have read, and confirm that they meet ICMJE 
criteria for authorship.

Funding DH is supported by the special research fund (BOF) from Ghent University. 
CL has received funding from the FWO Research Foundation - Flanders, grant 
number G0D4815N. MKS receives funding from the European Union’s Horizon 2020 
research and innovation programme under the Marie Sklodowska- Curie grant 
agreement No 676207. There was no other outside funding for this study.

Competing interests Authors (CL, DH and PK) have developed STROBE- nut for 
nutritional epidemiology cited in this manuscript. MKS works on the reporting 
guideline STROBE as a part of her doctoral studies. Writing Publication Aid version 
1.0 Created by Automaticals Consulting http://www. automaticals. com/ consulting. 
Authors: Carl Lachat (Project manager, concept), Dana Hawwash (Project manager, 
concept), Patrick Kolsteren (Concept), Nathalie De Cock (Concept), Chen Yang 
(Concept), Herwig Jacobs (Programming). Copyright (C) 2016, Ghent University 
www. ugent. be.

Patient consent for publication Not required.

ethics approval The study was approved by the Ethics Committee of the Ghent 
University Hospital number EC/2018/0479.

Provenance and peer review Not commissioned; externally peer reviewed.

 on N
ovem

ber 7, 2019 by guest. P
rotected by copyright.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2019-030943 on 6 N
ovem

ber 2019. D
ow

nloaded from
 

https://twitter.com/sharpmelk
http://www.automaticals.com/consulting
https://www.ugent.be/
http://bmjopen.bmj.com/


9Hawwash D, et al. BMJ Open 2019;9:e030943. doi:10.1136/bmjopen-2019-030943

Open access

Data availability statement Data are available upon reasonable request. 

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non- commercial. See: http:// creativecommons. org/ licenses/ by- nc/ 4. 0/.

OrCID iDs
Dana Hawwash http:// orcid. org/ 0000- 0001- 7053- 8488
Melissa K Sharp http:// orcid. org/ 0000- 0001- 5261- 1573

reFerenCeS
 1 Moher D. Reporting guidelines: doing better for readers. BMC Med 

2018;16:233.
 2 Moher D, Schulz KF, Simera I, et al. Guidance for developers of 

health research reporting guidelines. PLoS Med 2010;7:9.
 3 Schulz KF, Altman DG, Moher D, et al. Consort 2010 statement: 

updated guidelines for reporting parallel group randomised trials. J 
Clin Epidemiol 2010;63:834–40.

 4 Moher D, Liberati A, Tetzlaff J, et al. Preferred reporting items for 
systematic reviews and meta- analyses: the PRISMA statement. PLoS 
Med 2009;6:e1000097.

 5 von Elm E, Altman DG, Egger M, et al. Strengthening the reporting 
of observational studies in epidemiology (STROBE) statement: 
guidelines for reporting observational studies. BMJ 2007;335:806–8.

 6 Lachat C, Hawwash D, Ocké MC, et al. Strengthening the reporting 
of observational studies in Epidemiology- Nutritional epidemiology 
(STROBE- nut): an extension of the STROBE statement. PLoS Med 
2016;13:e1002036.

 7 Equator Network. Enhancing the quality and transparency of health 
research 2018[cited 2018 3rd November 2018]. Available from. 
Available: http://www. equator- network. org

 8 Hopewell S, Altman DG, Moher D, et al. Endorsement of the 
CONSORT Statement by high impact factor medical journals: a 
survey of journal editors and journal 'Instructions to Authors'. Trials 
2008;9:20.

 9 Barnes C, Boutron I, Giraudeau B, et al. Impact of an online writing 
aid tool for writing a randomized trial report: the COBWEB (Consort- 
based web tool) randomized controlled trial. BMC Med 2015;13:221.

 10 Cobo E, Cortés J, Ribera JM, et al. Effect of using reporting 
guidelines during peer review on quality of final manuscripts 
submitted to a biomedical Journal: masked randomised trial. BMJ 
2011;343:d6783.

 11 Marušić A. A tool to make reporting checklists work. BMC Med 
2015;13:243.

 12 Burford BJ, Welch V, Waters E, et al. Testing the PRISMA- Equity 
2012 reporting guideline: the perspectives of systematic review 
authors. PLoS One 2013;8:e75122.

 13 COBWEB Consort- based web tool an online writing aid tool 
for writing a randomized trial report. Available: https:// cobweb. 
clinicalepidemio. fr/

 14 Penelope. Available: https://www. penelope. ai
 15 Reporting checklists for medical researchers. Available: https://www.

goodreports.org2019

 16 Penelope. Case Study - BMJ Open 2018. Available: https://www. 
penelope. ai/ blog/ 2018/ 2/ 12/ 9id6 9afc 4jd8 sy6h 36vc 2x8p x69myo 
[Accessed 9 Nov 2018].

 17 Considine E, Salek R. A tool to encourage minimum reporting 
guideline uptake for data analysis in metabolomics. Metabolites 
2019;9:43.

 18 WritingAidTool [program]. 1 version. Github, 2016. Available: https:// 
github. com/ carllachat/ WritingAidTool

 19 Legris P, Ingham J, Collerette P. Why do people use information 
technology? A critical review of the technology acceptance model. 
Inf Manage 2003;40:191–204.

 20 Moher D, Schulz KF, Altman DG. The CONSORT statement: revised 
recommendations for improving the quality of reports of parallel- 
group randomised trials. The Lancet 2001;357:1191–4.

 21 Twitter, 2018. Available: https:// twitter. com/ Danahawwash/ status/ 
1011238978471817216

 22 Liberati A, Altman DG, Tetzlaff J, et al. The PRISMA statement for 
reporting systematic reviews and meta- analyses of studies that 
evaluate healthcare interventions: explanation and elaboration. BMJ 
2009;339:b2700.

 23 Vandenbroucke JP, von Elm E, Altman DG, et al. Strengthening 
the reporting of observational studies in epidemiology (STROBE): 
explanation and elaboration. Int J Surg 2014;12:1500–24.

 24 Moher D, Hopewell S, Schulz KF, et al. Consort 2010 explanation 
and elaboration: updated guidelines for reporting parallel group 
randomised trials. BMJ 2010;340:c869.

 25 Hörnell A, Berg C, Forsum E, et al. Perspective: an extension of 
the STROBE statement for observational studies in nutritional 
epidemiology (STROBE- nut): explanation and elaboration. Adv Nutr 
2017;8:652–78.

 26 Davis FD, Usefulness P. Perceived usefulness, perceived ease of 
use, and user acceptance of information technology. MIS Quarterly 
1989;13:319–40.

 27 Venkatesh V, Davis FD. A theoretical extension of the technology 
acceptance model: four longitudinal field studies. Manage Sci 
2000;46:186–204.

 28 Fudickar A, Hörle K, Wiltfang J, et al. The effect of the who surgical 
safety checklist on complication rate and communication. Dtsch 
Arztebl Int 2012;109:695–701.

 29 Hills M, Armitage P. The two- period cross- over clinical trial. Br J Clin 
Pharmacol 1979;8:7–20.

 30 Rice ME, Harris GT. Comparing effect sizes in follow- up studies: 
ROC area, Cohen's D, and R. Law Hum Behav 2005;29:615–20.

 31 Tavakol M, Dennick R. Making sense of Cronbach's alpha. Int J Med 
Educ 2011;2:53–5.

 32 Schreiber JB, Nora A, Stage FK, et al. Reporting structural equation 
modeling and confirmatory factor analysis results: a review. J Educ 
Res 2006;99:323–38.

 33. Hawwash D, Lachat C, De Cock N, et al. Integrating a writing aid 
to facilitate the use of reporting guidelines: a crossover randomized 
controlled trial version 1 2018, 2018. https:// biblio. ugent. be/ 
publication/ 8559624

 34 Shamseer L, Weeks L, Turner L, et al. Identifying barriers to uptake 
and implementation of consort. The seventh International Congress 
on peer review and Biomedi- CAL publication. Chicago, USA: JAMA, 
2013.

 35 Venkatesh V, Bala H. Technology acceptance model 3 and a research 
agenda on interventions. Decision Sciences 2008;39:273–315.

 36 Wolf EJ, Harrington KM, Clark SL, et al. Sample size requirements 
for structural equation models: an evaluation of power, bias, and 
solution Propriety. Educ Psychol Meas 2013;76:913–34.

 on N
ovem

ber 7, 2019 by guest. P
rotected by copyright.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2019-030943 on 6 N
ovem

ber 2019. D
ow

nloaded from
 

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0001-7053-8488
http://orcid.org/0000-0001-5261-1573
http://dx.doi.org/10.1186/s12916-018-1226-0
http://dx.doi.org/10.1371/journal.pmed.1000217
http://dx.doi.org/10.1016/j.jclinepi.2010.02.005
http://dx.doi.org/10.1016/j.jclinepi.2010.02.005
http://dx.doi.org/10.1371/journal.pmed.1000097
http://dx.doi.org/10.1371/journal.pmed.1000097
http://dx.doi.org/10.1136/bmj.39335.541782.AD
http://dx.doi.org/10.1371/journal.pmed.1002036
http://www.equator-network.org
http://dx.doi.org/10.1186/1745-6215-9-20
http://dx.doi.org/10.1186/s12916-015-0460-y
http://dx.doi.org/10.1136/bmj.d6783
http://dx.doi.org/10.1186/s12916-015-0476-3
http://dx.doi.org/10.1371/journal.pone.0075122
https://cobweb.clinicalepidemio.fr/
https://cobweb.clinicalepidemio.fr/
https://www.penelope.ai
https://www.goodreports.org2019
https://www.goodreports.org2019
https://www.penelope.ai/blog/2018/2/12/9id69afc4jd8sy6h36vc2x8px69myo
https://www.penelope.ai/blog/2018/2/12/9id69afc4jd8sy6h36vc2x8px69myo
http://dx.doi.org/10.3390/metabo9030043
https://github.com/carllachat/WritingAidTool
https://github.com/carllachat/WritingAidTool
http://dx.doi.org/10.1016/S0378-7206(01)00143-4
http://dx.doi.org/10.1016/S0140-6736(00)04337-3
https://twitter.com/Danahawwash/status/1011238978471817216
https://twitter.com/Danahawwash/status/1011238978471817216
http://dx.doi.org/10.1136/bmj.b2700
http://dx.doi.org/10.1016/j.ijsu.2014.07.014
http://dx.doi.org/10.1136/bmj.c869
http://dx.doi.org/10.3945/an.117.015941
http://dx.doi.org/10.2307/249008
http://dx.doi.org/10.1287/mnsc.46.2.186.11926
http://dx.doi.org/10.3238/arztebl.2012.0695
http://dx.doi.org/10.3238/arztebl.2012.0695
http://dx.doi.org/10.1111/j.1365-2125.1979.tb05903.x
http://dx.doi.org/10.1111/j.1365-2125.1979.tb05903.x
http://dx.doi.org/10.1007/s10979-005-6832-7
http://dx.doi.org/10.5116/ijme.4dfb.8dfd
http://dx.doi.org/10.5116/ijme.4dfb.8dfd
http://dx.doi.org/10.3200/JOER.99.6.323-338
http://dx.doi.org/10.3200/JOER.99.6.323-338
https://biblio.ugent.be/publication/8559624
https://biblio.ugent.be/publication/8559624
http://dx.doi.org/10.1111/j.1540-5915.2008.00192.x
http://dx.doi.org/10.1177/0013164413495237
http://bmjopen.bmj.com/

	Usefulness of applying research reporting guidelines as Writing Aid software: a crossover randomised controlled trial
	Abstract
	Introduction
	Methodology
	Study design and participants
	Tools
	Writing Aid
	Traditional tool-Word document

	Study procedures
	Survey instruments
	Study outcomes and measurement

	Statistical methods
	Ethics
	Patient and public involvement

	Results
	Participants
	Outcomes
	Other measures

	Discussion
	Conclusions
	References


