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Abstract: Documentation of research data plays a key role 
in the biomedical engineering innovation processes. It 
makes an important contribution to the protection of intel-
lectual property, the traceability of results and fulfilling 
the regulatory requirement. Because of the increasing dig-
italization in laboratories, an electronic alternative to the 
commonly-used paper-bound notebooks could contribute 
to the production of sophisticated documentation. How-
ever, compared to in an industrial environment, the use of 
electronic laboratory notebooks is not widespread in aca-
demic laboratories. Little is known about the acceptance 
of an electronic documentation system and the underlying 
reasons for this. Thus, this paper aims to establish a pre-
diction model on the potential preference and acceptance 
of scientists either for paper-based or electronic documen-
tation. The underlying data for the analysis originate from 
an online survey of 101 scientists in industrial, academic 
and clinical environments. Various parameters were ana-
lyzed to identify crucial factors for the system preference 
using binary logistic regression. The analysis showed sig-
nificant dependency between the documentation system 
preference and the supposed workload associated with 
the documentation system (p < 0.006; odds ratio = 58.543) 
and an additional personal component. Because of the 
dependency of system choice on specific parameters it is 
possible to predict the acceptance of an electronic labora-
tory notebook before implementation.
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Introduction
Documentation of research data plays a key role in bio-
medical engineering innovation processes. It provides 
necessary evidence for the proof of an invention [12], con-
tributes to fulfilling regulatory requirements and assists 
meeting the high standards of funding authorities, indus-
trial partners and society. Additionally, documentation 
affects directly quality issues as traceability and repeat-
ability. Furthermore, a sophisticated documentation 
contributes to fulfilling the provisions and aims of good 
scientific practice and good laboratory practice.

For decades, the paper-bound laboratory notebook (LN) 
was used successfully for producing quality documentation 
[2]. Most scientists record measurements, interim results 
and ideas in their individual notebooks (see Figure 1).

Simultaneously, working methods and processes in 
biomedical engineering have changed massively over the 
last decade. The increased use of computer and electronic 
measuring instruments forced scientists in academic and 
other environments to manage increasingly diverse digital 
datasets from various sources [4, 15], resulting in a mix of 
digital and analogue data [13]. This development is accel-
erated by the increasing application of data analysis soft-
ware as well as of high-throughput systems (the number of 
publications listed in PubMed with search term “biomedi-
cal engineering AND high-throughput” increased from 123 
(2003–2007) to 414 (2008–2012) and “biomedical engi-
neering AND automation” from 136 to 350). Thus, it can 
be hypnotized that an electrical alternative to the common 
paper-bound notebooks could improve the quality of 
documentation.

Electronic laboratory notebooks (ELNs) are well 
established as part of the quality management system 
in chemical and pharmaceutical industrial laboratories 
[6]. Applications of electronic variants of LN in a com-
mercial environment were seen as responsible for a 20% 
growth in efficiency [3]. In recent years, the range of ELN 
software has grown quickly [20]. This ranges from open 
source to commercial subject-specific products. Latest 
developments can be installed on tablet PCs or multi-
touch tables [14].
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Currently, an interface that connects ELNs to an exter-
nal authentication point is in development by a German 
Research Association (DFG) funded project [19]. Thereby, 
the electronic stored data can automatically be equipped 
with a “qualified electronic signature”, which saves the 
data with high authenticity.

Despite the success of ELNs in a commercial environ-
ment and an application rate of 50% [3] in the pharmaceu-
tical industry, only 4% of LNs in academia are electronic 
[24]. The exact reason for the imbalance is unknown. There 
is a lack of information and comparative studies in the field 
of ELNs in academic environments. Therefore, a survey 
among documentation in laboratories was conducted.

This paper is aiming to establish a forecast model for a 
paper-bound or electronic documentation preference and 
acceptance of scientists using binary logistic regression.

Methods

Data sampling

An online survey has been conducted in order to deter-
mine the experiences of scientists using LNs and their 

attitude towards documentation. In a multistage process, 
questions that emerged from a literature research were 
categorized using brainstorming and relevance tests. This 
resulted in a questionnaire focusing on the use of LN, the 
collaboration within a laboratory, the documentation 
with LN, ELN and demographic background. A method 
validation was realized using a pretest with five scien-
tists examining redundancy, user motivation, scalability, 
intelligibility and uniqueness of the questions. The final 
questionnaire consisting of 36 items, was implemented 
with the open source software LimeSurvey [11]. The survey 
language was German. For more details see Supplemen-
tary Information. More than 200 researchers in academic 
as well as industrial laboratories in Germany were invited 
to participate on the anonymous online survey. They were 
contacted at a fair (MEDICA 2012 in Düsseldorf), a con-
gress (BMT 2012 – Biomedical Technology Congress in 
Jena) or by using e-mail distribution lists (project “inno-
vating medical technology in.nrw” [9], Institute of Applied 
Medical Engineering RWTH Aachen University and 
regional networks). In total, 105 contributions (101 were 
completed) were received between March and November 
2012. The participation rate of researchers who received a 
personal invitation by e-mail was 68.4% (39/57). The other 
researchers participated via a registration link.

Figure 1 Two sample pages of a paper-bound notebook containing a mixture of handwritten recordings and pasted data of digital sources [10].
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Statistical analysis

The prediction model was developed using binary logis-
tic regression, which is used to identify the relationship 
between one or more predictor variables and a categori-
cal outcome variable [17] in a univariate or multivariate 
approach. In this paper the binary logistic regression is 
used to analyze the influence of 18 factors (predictor vari-
ables, see Table 1) over the dichotomous outcome variable 
system preference (LN or ELN). Unlike other statistical 
methods the “(…) logistic regression analysis does not 
require that the data are drawn from a multivariate normal 
distribution with equal variances and covariances for the 
explanatory variables.” [18, page 1390].

In literature a minimum sample size between 50 and 
100 is recommended [5, 23]. The required size increases 
with an increasing number of predictor variables. Con-
sidering this, a pre-selection of relevant variables was 
performed. In this first step each predictor will be indi-
vidually tested for statistical significance in a univariate 
logistic regression. In order to include all influencing 
factors the predictors with a significance level of p  ≤  20% 

in the unvariate model are tested for significance in a 
multivariate model. In the second step, insignificant pre-
dictors with p > 5% are excluded iteratively from the pre-
diction model (see Figure 2).

Model fit in a logistic regression is sensitive to col-
linerarity among the predictors [8]. Therefore, the 
dependence of the predictor variables is examined and 
considered in the model. Finally, validation tests for the 
overall model and goodness-of-fit are executed (overall 
statistics, Hosmer and Lemeshow test, Nagelwerke R2, 
Omnibustest). All statistical calculations were carried out 
using SPSS (v.19).

The survey participants were asked about their 
professional backgrounds (multiple replies possible). 
The free text answers were categorized into the fields 
of engineering, natural sciences and human medicine 
based on the personnel at universities subject classifica-
tion [22].

The variable affinity for technology is based on five 
questions about the frequency of using laptops, tablet 
PCs, smartphones, social networks and Internet forums. 
In order to identify more and less technically able 

Table 1 Univariate logistic regressions for each individual variable for pre-selection.

Predictor variables (count)   Answer options   Significance

Age (1)   Scaled metrically   0.805
Affinity for technologya (1)   Scaled metrically   0.119
Gender (1)   Female   Male  

  44   38   0.152
Interdisciplinary composition of the laboratory (1)   No   Yes  

  22   60   0.420
Professional backgroundb (3)   No   Yes  
 Engineering   53   29   0.206
 Natural sciences   30   52   0.544
 Human medicine   72   10   0.946
Research type (1)     Yes  
 Basic research     14   0.805
 Applied basic research     25   0.638
 Applied research     39   0.510
Categories (10)   LN has an advantage over ELN   LN has no advantage over ELN 
 Individual affinity   36   44   0.000
  Amount of work   32   45   0.000
  Mobility   38   42   0.050
  Data backup   15   63   0.006
  Protection of intellectual property   24   49   0.155
  Quality assurance in the laboratory   3   74   0.349
  Team work   3   77   0.999
  Readability of the data   5   77   0.999
  Information exchange with colleagues   4   77   0.999
  Information exchange with cooperation partners  1   80   1.000

Variation of the total number is explained by varying number of missing answers.
aBased on frequency of using laptops, tablet PCs, smartphones, social networks and internet forums.
bAllocation according to personnel at universities – subject classification [22].
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researchers, the answers were weighted with never = 0, 
less often than weekly = 1, weekly = 2 and daily = 3. The 
cumulative results of these five questions reflect the level 
of affinity for technology.

Another issue, the anticipated strengths of the 
systems LN and ELN, was analyzed in ten different catego-
ries (see Table 1). For each category the question included 
three answer categories:
1. LN has an advantage over ELN
2. Neither LN nor ELN has an advantage
3. ELN has an advantage over LN

It is to be expected that factors determining the research-
er’s system choice (LN/ELN) are also seen as strength of 
the system. In order to interpret the factors with regard 
to the low rate of ELN in the academic environment, the 
answers (2) and (3) are combined to “LN has no advan-
tage over ELN”. In the logistic regression analysis, missing 
answers are excluded from analysis.

Results

Characteristics of the survey sample

The survey sample is dominated by young academic sci-
entists working predominantly with paper-based LN: 
69% of the respondents are aged between 24 and 35 years 
and just as many have used a LN within the past month. 
One hundred and nine of 134 professional backgrounds 
could be assigned into the fields of engineering, natural 
sciences and human medicine. Most respondents have 
an educational background in natural science (68), fol-
lowed by engineering (31) and medicine (10). The major-
ity (73%) are counted among a university environment, 

p≤5%Multivariate logistic regression

Pre. 1

p≤20%

Pre. 2 Pre. 3 Pre. 16

Prediction model

Predictors

Univariate logistic regressions
p≤20% p≤20% p≤20%

Prediction model

yes yes yes yes

no no no no

no
yes

Figure 2 Structure chart of the methodology.

Table 2 Characteristics of the survey sample.

  Number  Rate (%)

Participants   101  100
Age    
 24–35 years   70  69
 36–47 years   24  24
  > 47 years   6  6
 Not specified   1  1
Professional position    
 Student   19  19
 Postgraduate   41  41
 Postdoc, research associate   29  29
 Executive employee   5  5
 Other   7  7
Research type    
 Applied research   49  49
 Applied basic research   30  30
 Basic research   18  18
 Not specified   4  4

followed by research facilities as Frauenhofer- or Max-
Plank-Gesellschaft (12%). Additional characteristics of the 
survey sample are given in Table 2. For participants in an 
academic environment with experience in using ELNs, a 
response rate of 5% (4/74) was achieved, which confirms 
the rate reported in literature [24].

Pre-selection

The results of the pre-selection of relevant variables are 
presented in Table 1. Gender, individual affinity, amount 
of work, mobility, data backup, affinity for technology and 
protection of intellectual property are significant at the 
20% level. The frequency between the response groups 
of data backup, quality assurance in the laboratory, team 
work, readability of the data, information exchange with 
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colleagues and information exchange with cooperation 
partners are characterized by a strong imbalance. The 
variation of the total number of respondents between the 
individual logistic regressions is explained by the varying 
number of missing answers in each question.

Multivariable logistic regression

Table 3 presents the results of final logistic regression 
including Wald statistics testing the significance of indi-
vidual regression coefficients [17]. The significant predic-
tors (p  ≤  5%) amount of work, mobility and personal affinity 
are integrated in the logistic regression model. In order 
to evaluate the prediction model, tests about the overall 
model and goodness-of-fit were carried out. The overall 
statistics (score = 46.567; df = 4; p < 0.000) implies the con-
tribution of at least one of the independent variables to 
the prediction of the outcome. The prediction model with 
the three predictors was more effective than the model 
without predictor variables (null model). In case of the 
goodness-of-fit statistic, the Hosmer and Lemeshow test 
was carried out (χ2 = 1.773; df = 4; p = 0.777). The result with 
the null hypothesis of a good model fit suggests that the 
model describes the data adequately. Further tests con-
firming results are Nagelwerke R2 = 0.728 and Omnibust-
est (χ2 = 55.606; df = 4; p < 0.000). In a cross classification 
of observed values for the outcome variables and the pre-
dicted values (cut-off value = 0.5) the model predicts 89.0% 
of the cases correctly (null model: 63%). This is a further 
indication for a good model fit.

Discussion
The classification of the advantages of each system by the 
researcher is based mainly on presumptions. Merely 10% 
of respondents have experience in using ELNs.

Anticipated strengths of an electronic 
documentation

The pre-selection analysis displays no significant contri-
bution of quality assurance in the laboratory, team work, 
readability of the data and information exchange with col-
leagues or information exchange with cooperation partners 
to system preference (see Table 1). Most of the 27 research-
ers preferring paper-bound documentation stated that the 
electronic variant is at least equal in these categories. In 

consequence, these variables are not decisive for the sci-
entist’s system preference.

A more detailed analysis of the responses revealed 
that 63% of the LN-preferring researchers agreed that 
ELNs have an advantage over LNs in the field of informa-
tion exchange with cooperation partners. For team work 
and readability of the data the percentage rises to 72%. 
Due to their independency of the individual system pref-
erence, and in consideration of the low level of ELN opera-
tional experience, these categories can be referred to as 
anticipated strengths of ELNs. This illustrates potentials 
of electronic documentation. It can be hypothesized that, 
particularly in applied sciences characterized by high 
level of cooperation, the transfer between partners in 
academic and industrial environment would benefit from 
an electronic documentation. The documentation could 
speed up the innovation process in this way.

Influence of the predictors on the system 
preference

In the logistic regression analysis three variables with a 
significant influence on the scientist’s documentation 
preference are identified with amount of work being at the 
most significant level. In comparison to researchers seeing 
an advantage of paper-bound notebooks over electronic 
documentation systems, the ratio “preferring ELN/pre-
ferring LN” increases by a factor 58.543 in relation to the 
group “LN has no advantage”. To increase the acceptance 
of ELNs the researchers must be convinced that workload 
would not increase by using ELN. Thus, an adequate doc-
umentation system has to facilitate the respective work-
flow and should be adapted to the specific processes in an 
academic environment.

The predictor variable mobility is not significant at 
a 5% level but correlates with the predictor amount of 
work [p(amount of work by mobility) = 0.018]. A lack of 
mobility is seen as contributing to the amount of work. 
Paper-bound notebooks are characterized by an unre-
stricted mobility. An electronic documentation system 
with stationary personal computers such as multi-touch 
tables [14] would have negative influence on the system 
preference.

Another predictor with a highly significant impact 
on the system preference is personal affinity with an odds 
ratio of 37.537. The wording personal affinity is vague and 
closely linked to the system preference question. So the 
high significance level (p = 0.000) is not surprising.

However, it implies that the preference also depends 
on a personal aspect. This aspect could depend on 
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additional influence factors varying for each individual 
person but also on the research nature. Previous studies 
report a mistrust of researchers in sharing data which is 
explained by the highly competitive nature of biomedical 
research [1, 21]. The benefit of an ELN in such an environ-
ment is doubtful. This also could explain the low influence 
of anticipated strengths of ELNs as information exchange 
on the system preference.

The affinity for technology, based on the frequency of 
using laptops, tablet PCs, smartphones, social networks 
and internet forums, contributes not significantly to the 
system preference. Also noticeable is the fact that the 
system choice is independent of the research type, the pro-
fessional background of the scientists and the interdisci-
plinary composition of the laboratory. Although a shift in 
science from individual working to teamwork is described 
[26], and researchers anticipate a better support by ELNs 
in this field, the influence on the system choice is small.

Impact of the prediction model

The prediction model gives advice to leading employees 
searching for the most suitable documentation system. 
During the selection process two choices have to be made: 
first, deciding between paper-bound and electronic labo-
ratory notebooks; second, selecting between the various 
ELN software solutions. The latter choice often depends 
on several aspects such as quality assurance, improve-
ment of information transfer or costs and many others. In 
this context, scientists have stated that, “Insufficient user 
acceptance has long been an obstacle to the successful 
adoption of IT/IS” [25, page 67]. This is what the predic-
tion model specifically addresses.

The model enables the identification of predictors, 
which are crucial determinants for the users acceptance 
of ELN software. The identified predictors finally indi-
cate performance requirements that have to be met by the 
selected ELN. The predictor amount of work, for example, 
suggests the need for supporting the scientists’ workflow. 
The increasing workflow assistance fosters an increasing 
user acceptance. Thus, based on the prediction model 
different ELNs can be ranked or rated. A follow-up study 
analyzing the influence of individual ELN functions on 
the user perception regarding the crucial predictors would 
complement the prediction model.

This study allows for the assessment and comparison 
of the probable acceptance level of ELNs by comparing its 
functions before purchase or installation. The prediction 
model enables a more knowledge-based decision making 
whether a system change is wise or not.
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Conclusions
We have shown that the acceptance of an ELN in a specific 
environment can be predicted. The documentation system 
preference in an academic environment can be described 
via a mathematical model. Because of the dependence of 
system choice on specific parameters, the acceptance of 
an ELN is predictable before implementation.

The significant factors are independent of the profes-
sional background, research type or age and enable the 
development of one common prediction model.

The possibility to identify crucial factors for the sci-
entist’s choice allows academic demands to be defined. 
ELNs have the opportunity to achieve high acceptance 
proving lower workload. Because of the low level of ELN 
operational experience in academic environment, the evi-
dence is an important part for the acceptance.

The documentation system preference of the 
researcher is independent of possible improvements of 
an electronic documentation in the field of quality man-
agement, transfer and data backup. Conversely, these 
items are perceived as strengths of ELNs. Whether an 
electronic alternative to the common paper-bound note-
books could foster the quality of documentation, remain 
undetermined.

Placement of the thesis within the research 
context

Several studies are intended to support scientists in a 
digital world, by developing tools and technical infra-
structure. Projects such as multi-touch tables for social 
scientists [7], new ELN concepts [14] or the effort to 
connect ELNs to an external authentication point [19] 
display the trend towards electronic applications sup-
porting research processes. Our study complements these 

technical approaches including the user acceptance and 
motivation.

Constraints of the study

The survey sample consists of 101 participants. A limitation 
of parameters in the prediction model resulted. In particu-
lar, in the items information exchange, team work, readabil-
ity and quality assurance, significance is not expected [8, 16].

The item affinity for technology is based on the fre-
quency of using laptops, tablet PCs, smartphones, social 
networks and Internet forums. The number of scientists 
with experience in using tablet PCs regularly is quite 
small: 71% of the respondents have never used a tablet 
PC. Considering the rapid spreading of tablet PCs and 
their similarity to LNs in look and feel an influence on the 
system preference cannot be excluded.

Unanswered questions and future research

Additional parameters could influence the system choice 
of the researcher. To improve the prediction of the model 
including other influence factors would be reasonable.

If the prediction of the model corresponds with the 
practice is unsolved. An experimental investigation with 
varying ELNs is essential.
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