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Abstract 
 
Objective:  To assess the frequency, fidelity and impact of replication studies in the clinical 
decision support literature (CDSS). 
 
Materials and Methods: A PRISMA compliant review identified CDSS replications across 
28 health and biomedical informatics journals. Included papers were assessed for fidelity to 
the original study using five categories: Identical, Substitutable, In-class, Augmented and 
Out-of-class, and seven IMPISCO domains: Investigators (I), Method (M), Population (P), 
Intervention (I), Setting (S), Comparator (C), Outcome (O). A fidelity score and heatmap 
were generated using the ratings. 
 
Results:  From 4063 publications matching search criteria for CDSS research, 404 (9.9%) 
matched replication search criteria. Only 12/4063 (0.3%) were ultimately identified as 
replications. Six papers replicated but could not reproduce the results of the Han et al. (2005) 
CPOE study showing mortality increase, and over time changed from truth testing to 
generalizing this result. Other replications successfully tested variants of CDSS technology 
(2/12) or validated measurement instruments (4/12). 
 
Discussion: A replication rate of 3 in a thousand studies is low even by the low rates in other 
disciplines. Several new reporting methods were developed for this study including the 
IMPISCO framework, fidelity scores and fidelity heatmaps. A reporting structure for clearly 
identifying replication research is also proposed. 
 
Conclusion: There is an urgent need to better characterise which core CDSS principles 
require replication, identify past replication data and conduct missing replication studies. 
Attention to replication should improve the efficiency and effectiveness of CDSS research 
and avoiding potentially harmful trial and error technology deployment. 
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Background 
 
Clinical decision support systems (CDSS) are a cornerstone technology in health and 
biomedical informatics. They assist clinicians and consumers to make a wide variety of 
decisions from diagnosis through to therapy recommendation, using a variety of technologies 
including artificial intelligence.1  
 
Systematic reviews of CDSS typically note that there is good general evidence that they, as a 
class, are of benefit. They also note wide variation in the design, quality and conduct of 
research, making specific recommendations challenging, and direct statistical comparison 
between studies difficult. 2 3 Explicit description of measurement methodology is frequently 
ignored in empirical CDSS studies reporting effects in the field.4 There is also evidence from 
safety analyses showing that in some circumstances CDSS use leads to patient harm and 
occasionally death. 5 6 
 
Digital health interventions like CDSS are actually a “bundle” of technologies, processes and 
workflows7, and even small variations in the bundle can make it hard to faithfully reproduce 
outcomes in different settings. CDSS using identical AI systems can yield different outcomes 
in different geographies because of variations in population, local infrastructure and 
practices.8 Surprisingly, even with “bench” data analytic studies using identical data sets to 
test identical hypotheses, researcher workflow variations can result in wide variations in 
reported results.9 There thus remain open questions about how to ensure CDSS performance 
is reproduced in different settings, which technology variants are most appropriate, and how 
CDSS should best be implemented in the complex and varied workflows of healthcare.  
 
When faced with important questions such as these, researchers can undertake replication 
studies. Replication studies set out to recreate a past study with as much fidelity as possible, 
to test whether a specific result can actually be reproduced. Failure to reproduce research 
appears common. Recent estimates by researchers suggest that on average, nearly 50% of 
research results across different fields are in principle able to be replicated - by corollary as 
many cannot.10 In Psychology, after replicating 100 major studies, only 39% were rated as 
replicating the original result.11 The performance of a widely cited COVID-19 mortality 
prediction model12 was not robustly reproduced in three separate replication studies.13-16  
 
Failure to reproduce a result can occur for many reasons including experimental design 
problems, statistical errors, small sample sizes, outcome switching, selective reporting of 
significant results (p-hacking), failure to report negative results, or journal biases favouring 
positive “newsworthy” results. 17 Replication studies take many forms, with some focussed 
on high fidelity reproduction of studies for truth testing a specific result, to lower fidelity 
reproductions which intentionally vary aspects of a past study to test whether the original 
result generalises (e.g. to a new task, setting, or population). 18 
 
Significance 
 
Health and biomedical informatics appears to not have a culture of research replication, and 
this has raised concern that, along with many other disciplines, there is a “replication crisis” 
ahead. 17 If core findings in the research literature have not been tested by replication, real-
world systems may be designed in ways that are at best inefficient, and at worst cause harm. 
Many other fields have thus seen formal assessments of the impact of replication practice on 
the trustworthiness of the discipline’s scientific knowledge base. 11 19-22 
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In this study, we begin to survey the state of replication in health informatics by studying 
CDSS replications within the health and biomedical informatics literatures. Our aims are: 1/ 
To estimate the rate of CDSS replication studies withing the health informatics literature; 2/ 
To assess the fidelity of replication studies with respect to the original or index study being 
replicated and 3/ To assess the impact of replication studies on the original conclusions (e.g. 
was the original conclusion supported or refuted? Was practice affected?). 
 
Methods 
 
We conducted a PRISMA compliant review to identify replications of clinical decision 
support studies in the health and biomedical informatics research literature.23 
 
Search strategy 
 
A search of the research literature was performed on June 11, 2020 using Medline via the 
Ovid platform with no date restrictions. The search covered the 28 medical informatics field 
journals identified in Web of Science. The search strategy included three strings: 1) the 28 
journal names; 2) a set of synonyms for replication; and 3) a set of synonyms for decision 
support systems or computerised physician order entry (CPOE) (see Appendix 1). Search 
strings combined free terms and where supported, controlled vocabulary. 
 

 Inclusion criteria Exclusion criteria 
Replication  1- The study must explicitly: 

a- state that the goal is replication 
b- identify the prior study being replicated 
 
2- The goal of the study is to see if results of the 
prior study can be observed again 
 

Time series: Studies that replicate an 
analysis over time to observe changes 
over time 
 
Benchmarking: studies that compare a 
specific method against a standard for 
benchmarking purposes 
 

Population Health care consumers, patients, clinicians Non-human 

Intervention Computerised decision support system or 
tools/methods to design or evaluate such a 
decision support system 

 

Comparison Any None 
Outcome Any  None 
Study type Any primary research studies 

 
Reviews 
Protocols 
Opinion pieces/editorials/letters  
Conceptual/design/development 

 
Table 1: Inclusion and exclusion criteria to identify a replication study in the clinical 
decision support literature. 
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Inclusion criteria 
 
Any primary research study of a clinical decision support system was considered. We 
included studies of stand-alone CDSS and studies where the primary focus was evaluation of 
a CDSS function embedded in another clinical system, such as a CPOE system for 
medication ordering available through an electronic health record (EHR). We did not 
consider “bench” algorithm or model performance studies which were not trialled in a 
clinical setting. Given that this is probably the first such survey, we also elected to include 
replication studies that validated tools or methods specifically intended for CDSS.  
 
In keeping with other replication surveys19 22, studies were included if they explicitly stated 
that their goal was replication of a past study and specifically identified that prior study 
(Table 1). Studies that mentioned replication but did not test whether a past result could be 
reproduced were excluded. Excluded studies included ones reporting time series 
measurements (describing changes over time), and comparative studies which benchmarked a 
method or intervention (e.g. comparing performance of a new algorithm against a gold 
standard method). 

 
Figure 1: PRISMA flow diagram for identification of studies included in the analysis. 
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The screening procedure was piloted before the formal screening process. Two investigators 
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followed by (2) full-paper screening using the Rayyan screening tool.24 Cohen’s kappa was 
calculated to measure inter-coder agreement. Disagreements were resolved by consensus. 
 
Data extraction for replication fidelity assessment 
 
Data were extracted from the included studies to characterise the fidelity of replication using 
category descriptors based on prior frameworks which were then developed iteratively using 
open coding as each new included study was analysed.25 The extraction framework was 
designed to assist in differentiating the fidelity of different studies, using features that were 
readily available in the included papers. 
 
To characterise the specific elements of a study that could be used to compare it to similar 
studies, we reviewed existing reporting guidelines for digital health and health service 
research studies including STARE-HI26, SPIRIT-AI27 and CONSORT-AI28. In these 
guidelines, standard PICO (population, intervention, comparator and outcome) reporting 
categories are extended to include additional factors including study method29, setting and 
context. We pooled these high-level reporting categories from the guidelines and extended 
them to create seven high level IMPISCO fidelity domains: 

1. The investigator team (I): Investigators may have different skills, biases, conflicts of 
interest, access to resources and conceptual frameworks, which may affect the 
conduct of a replication or original (index) study. 

2. Study method (M): Methods may vary in choice of study design, the statistical or 
analytic methods applied to data, or approach to intervention implementation. 

3. Population (P): Subjects on which an intervention is trialled may vary e.g. in gender 
and racial composition, social determinants, genetics and case-mix, or skills. 

4. Intervention (I): A digital health intervention is a “bundle” of technologies, processes 
and workflow which may vary between studies e.g. because of technical differences 
including any modifications required to permit implementation in a specific setting, as 
well as variations in workflows and policies. 

5. Study setting (S): The context of studies varies, for example in the type of clinical 
service in which an intervention is implemented (e.g. primary care), geo- or temporal 
location, global context (e.g. during a pandemic) or socio-technical factors (e.g. local 
culture, willingness to adopt a new intervention, or an organisation’s stage of digital 
maturity). 

6. Comparators (C): The study arm against which an intervention is benchmarked (e.g. 
placebo, standard care) may differ between an index and a replication study. 

7. Outcomes (O): Measures of intervention performance (e.g. blood pressure) may vary, 
be extended to include additional measures or may vary in the measurement method 
used (e.g. measurement device). 

 
Theoretical accounts of replication research identify a number of different study types 
including exact, partial and conceptual studies, as well as quasi- studies which intentionally 
add in new elements17. We used these pre-existing study types to create fidelity categories. 
For each IMPISCO domain above (Table 2), the fidelity of replication for each domain was 
scored against one or more of five fidelity categories, which correspond to the different 
replication study types: 

• Identical (Exact replication): There are no differences between the original and 
replication study (e.g. both used an identical CPOE system from the same 
manufacturer with the exact same configurations). 
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• Substitutable (Partial replication): Although different in some way, the category 
element is a plausible replacement in that it could be substituted with an expectation 
of similar performance, or a transformation is available to allow comparison with the 
original (different statistical methods are used but direct comparison is possible after 
use of standard conversion methods). 

• In-Class (Conceptual replication): The fidelity element in the replication is drawn 
from the same class as the original study (e.g. CPOE systems with similar core 
functionality from two different manufacturers are compared). 

• Augmented (Quasi): A study includes additional components to the replication (e.g. in 
addition to using the same CPOE system from the same manufacturer, users are 
provided a training module). 

• Out-of-class (not replicated): The original and replicated elements are not directly 
comparable for replication purposes (e.g. a CPOE system and paper-based medication 
safety workflow are compared). 

 
Next, a simple Fidelity Score (FS) was calculated for each replication. A score was given for 
an entry in any of the five fidelity categories and seven IMPISCO domains (Appendix 2), 
scoring +4 for an entry in Identical, +3 for Substitutable, +2 for an entry in in-class and +1 
for Augmented. Domains ranked as out-of-class scored zero. If there was more than one entry 
per domain, scores were added and averaged. For example, with three entries for Method in 
del Baccaro et al. (2006) we calculated (4 + 3 + 1)/3 = 2.66 (Appendix 3). A replication paper 
could have a raw score of between 0 and 28 points. If index and replication studies did not 
have a comparator arm, they were not scored against this domain, making the maximum 
available score 24. All raw scores were then normalized, dividing by the maximum available 
points, to arrive at a final fidelity score between 0 and 1. An FS of < 0.5 was taken to indicate 
a focus on generalization of an index paper through in-class or augmented study designs. 
Scores > 0.5 indicated a replication study was more focussed on truth testing an index study. 
An FS above 0.75 indicating a tight focus on truth testing using identical or substitutable 
designs. 
 

 1. Identical  
(Exact 
replication) 

2. Substitutable 
(Partial 
replication) 

3. In-Class 
(Conceptual 
replication) 

4.Augmented 
(Quasi) 

5. Out-of-
class  
(not 
replicated) 

I: 
investigators 

Same research 
team  

Team with same 
skills from closely 
matched 
organisation 

Team with similar 
skills from 
different 
organisation 

Additional 
team 
members 

Different 
individuals, 
skills and 
organisation 
 

M:  
method 

Same method Method overlaps 
but includes 
variations that still 
permit direct 
comparison 

Method drawn 
from same class 

Additional 
method 

Non 
comparable 
method 

P:  
population 

Same cohort Similar cohort 
drawn from same 
population 

Similar cohort 
drawn from 
different 
population 

Extend 
population 

Different 
cohort and 
different 
population  

I:  
intervention 

Same 
intervention 

Different 
provenance (e.g. 
manufacturer) but 
near same design 

Drawn from same 
class and similar 
causal role in 

Supplement 
intervention 
design 

Different 
intervention 
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(no theoretic 
reason differences 
impact outcomes) 

impacting 
outcomes 

S: 
setting 

Same context Locally similar Non-local similar 
e.g. 
geographically 
distinct but 
otherwise similar 

Additional 
context 

Different 
setting 

C: 
comparator 

Same 
comparator 

Different 
provenance but 
near same design  

Drawn from same 
class and similar 
causal role in 
impacting 
outcomes 

Additional 
comparator 

Different or 
no 
comparator 

O: 
outcome 

Same outcomes 
and 
measurement 
methods 
(device and 
protocol) 

Method available 
to compare 
outcomes and 
adjust for 
measurement 
device or protocol 
differences 

Matches outcome 
class e.g. 
mortality, 
morbidity, 
process or 
economic, allows 
qualitative 
comparisons 

Additional 
outcome 

Different 
outcomes 

 
Table 2: The IMPISCO replication fidelity framework. One or more of five possible fidelity 
rating ranging from Identical to Different is made for each of seven study descriptors: 
Investigators (I), Method (M), Population (P), Intervention (I), Setting (S), Comparator (C), 
Outcome (O). Descriptors are provided for each fidelity category. Categories are neither 
exclusive nor discrete. 
 
Each paper was assessed against the seven IMPISCO domains and the five fidelity 
categories. Two authors (EC, HLT) independently extracted and scored the fidelity data from 
the included studies (Appendix 2). Any disagreement was resolved through discussion. A 
heat map was created to visualise the degree of heterogeneity in fidelity of replication across 
the fidelity domains and categories. Heatmap values tabulated the number of studies 
matching a fidelity grade for a given index study. 
 
Results 
 
Search retrieved 419 unique articles (Figure 1). After abstract and full-text screening, four 
studies were included. Snowballing (i.e. searching the reference list of included studies) 
identified four other studies, and a hand-search of papers citing the included studies returned 
four additional studies. The final review thus included 12 articles. The kappa statistic was 0.7 
(substantial agreement) for title and abstract screening, and 1 (perfect agreement) for full-text 
screening.  
 
Replication frequency 
 
Out of a candidate set of 4063 publications that matched search criteria for clinical decision 
support research across 28 health or biomedical informatics journals, only 404/4063 (9.9%) 
matched search criteria for replication and were considered. Of these, only 12/4063 (0.3%) of 
DSS publications were ultimately identified as replications. 
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Included studies 
 
The 12 included papers describe replication studies of five original or index studies: 
 

1. Six studies 30-35 sought to replicate the 2005 study by Han et al. 36 which 
controversially reported unexpected increased mortality after implementation of a 
computerized physician order entry system in a pediatric setting.37 
 

2. Two studies 38 39 replicated performance evaluations of the unified model of 
information systems continuance (UMISC) which assessed user technology 
acceptance over time (Hadji et al., 2016).40 

 
3. Two studies 41 42 replicated performance evaluations of the Instrument for Evaluating 

Human Factors Principles in Medication-Related Decision Support Alerts (I-
MeDeSA) (Zachariah et al., 2011).43 
 

4. One study 44 replicated and extended an evaluation of the Braden Scale based 
Automated Risk Assessment Tool for pressure ulcers (Kim et al., 2010).45 

 
5. One study 46 replicated an evaluation on an updated clinical decision support system 

for musculoskeletal disorders of the shoulder (Farmer et al., 2012).47 
 
Replication fidelity 
 
The six replication studies for the Han et al. (2005) paper was the largest set identified. The 
index study was of a Cerner PowerOrders CPOE system in a pediatric ICU, whilst the 
replications examined a range of different CPOE systems in sometimes very different settings 
such as adult ICU or whole of hospital implementations. Most studies had a high degree of 
fidelity with the index study’s methods and comparator, meaning study designs were overall 
very similar. However, there was wide variation in population, intervention, setting and even 
outcome, with consequent variation in FS from 0.79 to 0.49 (Table 4) and spread across the 
Fidelity heatmap (Table 3). Fidelity scores decreased over time (Figure 2). 
 

 
Figure 2: Timeline for six replications studies of Han et al. (2005) showing replication 
fidelity scores changing over time (see Table 4), moving from truth testing the index result to 
testing generalisability of that result in other settings, populations or with technology 
variants. 
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Hadji et al (2014) developed and reported on a post-adoption user acceptance model called 
UMISC for clinical information systems including CPOE decision support40. UMISC is an 
evolution of earlier technology acceptance models and includes 21 hypotheses. Mellikeche et 
al. (2018) undertook a validation study of UMISC at a different Parisian hospital to the one in 
the index study, with all fidelity elements rated as substitutable or identical (FS 0.85) 39. A 
similar team carried out a further in-class replication (FS 0.75) using populations in 
Argentina and Brazil, after translating the instrument into Spanish and Portuguese, reported 
in Mellikeche et al. (2020).38 
 
Zachariah et al. (2011) developed and reported on the validity of the I-MeDeSA instrument to 
assess the implementation of human-factors principles in medication-related decision-support 
systems.43 Baysari et al. (2018) carried out a replication study in an Australian context where 
all fidelity elements were classified as identical or substitutable42, as did Cho et al. (2014), 
who studied a Korean version of the instrument in Korea.41 Fidelity scores were high (0.88 
and 0.79 respectively). 
 

 Identical  
(Exact 
replication) 

Substitutable (Partial 
replication) 

In-Class 
(Conceptual 
replication) 

Augmented 
(Quasi) 

Out-of-class  
(not 
replicated) 

I:  
Investigators 
 

 5 1   

M:  
Method 
 

6 6  4  

P:  
Population 
 

 2 1  3 

I:  
Intervention 
 

2  4 2  

S:  
(setting) 
 

 3   3 

C:  
(comparator) 
 

6     

O:  
(outcome) 
 

2 3 1 3  

 
Table 3: Replication fidelity heat map for the six studies replicating Han et al. (2005). Scores 
represent the number of studies that matched a fidelity grade for each of the seven IMPISCO 
domains. Overall, methodological fidelity was strong in this set of papers, but there was wide 
heterogeneity in the actual technology deployed and in setting or population selected. 
 
Choi and Kim (2013) report a refinement of a rule-based system to assess risk of pressure 
ulcers in hospital patients with the same team that developed the index system.44 The DSS 
was re-engineered to use GLIF as the representation, used additional data items and revised 
rules. To test the generalisability of performance, the evaluation was performed in a 
Rehabilitation rather than acute hospital setting. Fidelity was assessed to be good (FS 0.75) 
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because of high fidelity in investigators and methodology, with population, intervention and 
setting scoring in-class. 
 
Farmer et al. (2014) also reported an extension of a clinical decision support system by the 
same team that conducted the original study in primary care (FS 0.73).46 The revised DSS for 
musculoskeletal disorders of the shoulder was based upon the original but included changes 
to the Bayesian Belief Network knowledge representation and knowledge base. The 
evaluation population came from a hospital clinic rather than primary care. High fidelity in 
investigators and methods balanced in-class scores for population, intervention and setting. 
 
Appendix Two provides additional details of the fidelity classifications for each included 
study. Appendix Three summarises each paper’s FS by IMPISCO domain. 
 
 
Replication impact 
 
The impact of a replication in this study was assessed by determining whether the reported 
outcomes in a replication study were of the same direction and magnitude as the changes 
reported in the index study. Statistical assessment of the impact of a replication study (e.g. 
via meta-analysis) was not possible because of heterogeneity and low study numbers. 
 

Index Study Primary Outcome Fidelity Score 
Han et al. (2005) Tertiary-care pediatric hospital mortality rate 

significantly increased from 2.80% before CPOE 
implementation to 6.57% after. P <0.01 

 

Replication Studies   
Del Baccarro et al. (2006) Pediatric ICU mortality rate non-significantly 

decreased from 4.22% before CPOE 
implementation to 3.46% after. P=0.32 

0.79 

Keen et al. (2007) 

 

Pediatric and neonatal ICU mortality rate non-
significantly decreased from 3.16% before CPOE 
implementation to 2.41% after. P=0.466 

0.74 

Longhurst et al. (2010) 

 

Hospital-wide mean monthly unadjusted 
mortality rates non-significantly decreased from 
1.008 deaths per 100 discharges before CPOE 
implementation to 0.716 after. P=0.3 

0.72 

Al-Dorzi et al. (2011) 

 

Adult ICU mortality rate non-significantly 
decreased from 23.4% before CPOE 
implementation to 20.8 % after. P=0.87 

0.5 

Brunette et al. (2012) 

 

Emergency Department mortality rates non-
significantly decreased from 2.52% before CPOE 
implementation to 2.02% after. P=0.19 

0.5 

Han et al. (2016) 

 

Adult medical intensive care unit mortality rates 
significantly decreased from 15.3% before CPOE 
implementation to 9.67% after 8 months. P < 
0.001 

0.49 

 
Table 4: Summary of primary outcome results for papers replicating the Han et al. (2005) 
index study. No replication study was able to reproduce the increased mortality rate 
following CPOE implementation reported by the original study. 
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Discussion 
 
Frequency 
 
Only 3 in every thousand (0.3%) DSS papers identified were replication studies. This is the 
first estimate of replication study rates within the clinical decision support and health and 
biomedical informatics literature. While it is likely additional replication studies will be 
found, this rate of replication is likely to be a robust first estimate, given the large sample size 
of papers considered. Whether it generalises to other areas in health and biomedical 
informatics remains to be determined. Replication study rates in other disciplines are also low 
but occur at a higher rate than reported here. For example, psychological research, where the 
notion of a replication crisis first emerged, had an estimated overall replication study rate of 
1.07% before serious attention was paid to improving the state of research replication in that 
discipline.48 
 
Only two studies replicated stand-alone CDSS evaluations. Six studies focussed on 
replicating evaluations of an embedded CDSS, specifically CPOE within an EHR. The 
remaining third (4/12) of the papers included were instrument validation studies, which 
sought to test tools or methods rather than actual CDSS. Instrument validation has access to 
well-established methods for ensuring a new tool operates well in different hands, and 
replication is an essential prerequisite for the adoption of a new instrument. The low number 
of instrument replication studies might reflect either that there is little need for CDSS-specific 
instruments during evaluation or might simply mirror the low replication rate for CDSS 
evaluations.  
 
What is optimal rate for replication studies? Clearly it should be sufficient to test the truth of 
critical results within a discipline.20 Studies that provide evidence for foundational theoretical 
models or have critical real-world impact should be rigorously challenged through 
replication. Replications not only truth-test, but can test for generalizability.17 Given the well 
described challenges of implementing information technology in healthcare, we cannot 
assume good performance in one setting guarantees similar performance elsewhere.49 
Consequently, when proven interventions are considered for different contexts, replication in 
the new setting is probably the standard of practice we should expect. 
 
There are many potential explanations for the observed low rate of DSS research replication. 
Firstly, we may simply not have a research culture that values replication research, and 
instead prioritises discovery or novelty.17 Alternatively, we may not be publishing enough 
research worthy of replication because of weak theoretical or real-world implications, and 
instead are publishing too many minor papers making only marginal advances to knowledge. 
It is also likely that studies are being published that, with some effort, could be recast as 
replications, and make clearer contributions to the field. The explanations that replication is 
not possible, or that research is flawless and not in need of replication, do not bear scrutiny. 
 
Fidelity 
 
Without understanding fidelity, we cannot interpret the outcome of replication. The more 
faithfully a replication study reproduces an index study, the higher is the probability the 
original result should be reproduced. From first principles, perfectly identical studies in a 
deterministic setting (e.g. re-running identical code on identical data) should yield the same 
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results. The less faithfully a replication mirrors an index study, the less certain we can be that 
differences in the results of studies are due to statistical variation alone. 
 
From first principles, we did not anticipate direct (high fidelity) replications being possible 
for evaluations of CDSS in clinical settings because of the inherent variability in setting, 
technology implementation and socio-technical factors. The highest fidelity replications were 
amongst the instrument validation papers, as might be expected, given the emphasis of such 
studies on testing an identical instrument in different populations or settings.  
 
Considerable attention has been paid to developing criteria to ensure fidelity of 
implementation for treatments, programs and service interventions in fields such as 
psychology, health services and education where it can be easy to introduce variations that 
affect outcomes.50-52 These fidelity criteria often describe an intervention in terms of its 
technology, processes, structure and complexity. 
 
Fidelity can be reported at multiple levels of abstraction with ever finer levels of detail. 
Pragmatically we suggest that the level of fidelity reported in a replication study should be 
sufficient to describe how an intervention affects the causal pathways leading to a particular 
outcome. Reporting less detail makes it impossible to be sure an intervention is directly 
implicated in a result. Reporting more does not help the hypothesis test but could help with 
developing alternate causal hypotheses.  
 
In this analysis, studies replicating measurement instruments paid close attention to faithfully 
replicating methods, for example to assess technology acceptance. Surprisingly for a 
literature reporting on decision support systems, no DSS papers explicitly described the 
algorithms used within clinical decision support systems. Choi and Kim (2013) and Farmer 
(2014) did describe at high-level changes made to DSS knowledge bases and structures, but 
not in a manner that would allow replication. Some of the papers replicating Han et al. (2005) 
did go to some effort to make high level descriptions of differences in DSS implementation, 
such as changes in DSS workflows, medication dispensing procedures or implementation 
process, but again did not make explicit description of algorithmic differences in CPOE order 
sets, sentences or code-sets.  
 
The IMPISCO framework and associated replication fidelity score appears a useful way to 
characterise whether a replication is focussed on truth or generalization testing. Analysis of 
fidelity scores changes over time for the Han et al. (2005) replication set showed papers 
scoring lower as time went on, reflecting a change in focus of the studies from truth-testing 
the index study to testing the generalizability of results to related technologies, populations 
and settings. This leads us to conjecture that with time, once a core research finding is 
replicated, a field then moves to test that finding’s generalizability.  
 
Fidelity heatmaps appear to provide a qualitative tool for assessing the state of replication for 
a particular research finding. Clustering of results in the truth testing region would be 
expected early on (Figure 3 (a)) and with time, if the “Test truth first, then generalise” 
conjecture holds, the entire heatmap would be explored (c). Early clustering in the 
generalization testing region (b) would suggest early generalization without truth testing core 
results. This mirrors the current situation with CDSS systematic reviews, which are limited 
by study heterogeneity. Fidelity heatmaps should thus also be of value in assessing the 
literature for systematic reviews.  
 



 14 

 
Figure 3: Four different replication fidelity heatmap patterns. Areas of replication activity on 
the heatmap are shown as darker areas. When replication studies focus on high fidelity 
replications (e.g. identical or substitutable) across fidelity domains (e.g. IMPISCO) then 
replications can be used for truth testing (a). Focussing on lower fidelity study elements (e.g. 
in-class or augmented) tests generalizability (b). Foundational findings with strong evidence 
behind them would show a broad pattern of testing across all domains and degrees of fidelity 
(c). Weakly replicated studies would have a sparse and scattered heatmap. 
 
Impact 
 
The replication studies described here had three distinct purposes: 

1. Testing the truth and generalizability of a critical research finding with important real 
world and theoretical consequences (Han et al. 2005) 

2. Testing the generalisability of a research instrument to different settings (Hadji et al., 
2016; Zachariah et al., 2011). 

3. Repeat testing the performance of a technology after modification (Farmer et al., 
2012; Kim et al. (2010)) 

 
Truth testing the 2005 study by Han et al. was critical because it showed that introducing 
CPOE, intended to increase quality and safety, instead was associated with an increase in 
mortality from 2.80% before implementation to 6.57% afterwards. If this outcome was 
replicated, the implications would be substantial, given that we already knew at that time that 
clinical information systems could lead to adverse events53 and commercial CPOE systems 
were in wide use. The flurry of six replications studies over the ensuing decade appears 
unprecedented in the clinical informatics literature, reflecting the importance of problem.  
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Critically, none of the six attempted replications of Han et al. (2005) reproduced the original 
finding of increased mortality, and today CPOE systems remain in widespread use. As the 
replications occurred in multiple settings with variations in CPOE technology, there is 
evidence both that the original result was doubtful and that this is a generalizable conclusion. 
No mortality impact or even mortality reduction using CPOE appears the typical outcome.  
 
The other replication studies tested instrument generalisability or the effect of technology 
modification and all reported successful replications. In these cases, replication provided 
evidence for the merit of improvements in design or broadening of application. Failure to 
reproduce performance results could have led to the abandonment of these tools.  
 
Assessing the implications of a set of replication papers remains an open area of research, 
and was not a primary focus of the present study54.  For example, the Fidelity Score is 
currently silent on the cause of low fidelity. Differences between two studies can arise 
because of poor attention to fidelity in study design, because of contextual barriers that 
prevent achieving a desired fidelity, or because of an intentional attempt to generalise. 
Consequently, additional methods may be required to triangulate the evidence from a set of 
heterogenous replications. Such methods could include causal modelling using directed 
acyclic graphs (DAGs)28 or Brunswickian concepts of representative design and ecological 
validity55. 
 
Reporting replication studies 
 
Identification of replication studies was challenging. Not all studies explicitly identified as 
replications and required close reading to be identified. Analysis of fidelity and replication 
impact was also difficult because of wide variations in reporting style and content.  
 
These challenges indicate the need for a specific standard to report replication studies. 17 
Reporting standards exist for informatics studies to report study types, intervention, and 
implementation context, and these should be used. The Statement on the Reporting of 
Evaluation Studies in Health Informatics (STARE-HI) guidelines for example, define a minimum 
content set for health IT evaluations. 26 The Template for Intervention Description and 
Replication (TIDieR) checklist is intended to support robust reporting of interventions for 
replication.56 The TIDieR 12 item checklist is an extension of the CONSORT 2010 
statement57 and the SPIRIT 2013 statement58. Also of relevance, the CONSORT-AI 
guidelines specifically adapt CONSORT to the needs of reporting artificial intelligence 
interventions28 59, although there is significant overlap with STARE-HI and TIDieR. A single 
merged reporting standard would seem desirable. 
 

Box 1: Structured reporting of a replication study 
 
1. Title and Abstract: Identify that study objective is replication of a past study. 
2. Index study: Identify the index study(s) being replicated. 
3. Purpose: Identify if the purpose of replication is truth testing or generalization testing. 
4. Fidelity: Identify any planned or unplanned divergence from the index study(s) e.g. using 

the IMPISCO fidelity domains framework supported by an intervention reporting 
instrument such as STARE-HI, TIDieR or CONSORT-AI. 

5. Impact: Report the meaning of the replication study in the context of the index study. 
Were index study hypotheses supported, refuted or modified? 
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The experience of this study suggests additional replication specific items are needed for 
study identification, replication reporting, and comparative analysis. It should be possible to 
clearly answer basic questions such as: What am I replicating? Why am I replicating it? In 
what ways am I faithful or divergent from the original study? What is the meaning of the 
replication results for our understanding of the original study or its generalization?  IMPISCO 
is currently and necessarily a high-level reporting instrument because the available 
replication and index studies did not report many contextual details that would aid in fidelity 
and impact assessment. However, these other existing guidelines could be used to create 
more fine-grained subscales within IMPISCO to capture intervention fidelity in more detail 
e.g. algorithms, workflows, local context, culture, digital maturity and implementation 
processes. Box 1 provides a simple reporting structure for replication studies that should 
significantly increase our ability to identify replications and then assess their impact. 
 
Making decisions with the research evidence-base 
 
If the rate of study replication is as low as indicated by the present analysis, then there is 
reason to be unsure of the findings of most papers when considered individually. Science is 
not designed for us to make major decisions based on a single unreplicated study. Scientific 
research uses the methods and language of statistical uncertainty for a reason. 
 
Yet, despite the absence of strong replication evidence, real-world decisions still need to be 
made, and indeed have been, for decades. We have no real measure of the costs or benefits of 
operating in this pragmatic mode, and there is plenty of reason for caution given the clear 
evidence of variation in outcomes as technology is implemented in different settings, and the 
potential negative impact of technology.60 
 
In the absence of solid replicated research, our second-best option is to encourage rigorous 
systematic review and meta-analysis of similar studies. The frequent caveat in such reviews, 
that studies were “too heterogenous to support meta-analysis” is another way of saying too 
little attention is being paid to test the truth of past work. Use of a fidelity framework such as 
IMPISCO and fidelity heatmaps will provide a way of better understanding the distribution of 
the weight of evidence between truth and generalisation testing. Our final fall back when 
empirical evidence is weak is to rely on theory to make decisions from first principles. Health 
informatics, which often emphasises engineering over theory, does not always do this well, 
but there is actually a rich theoretical basis available to the discipline.61 
 
Limitations and risk of bias 
 
With no standard method for identification of replication studies, many included papers were 
identified by hand and snowball search. It is thus possible other replication studies were 
missed. Only the major health and biomedical informatics journals were searched, and 
replication studies might appear in non-field journals. Unintentional or ‘wild type’ replication 
studies” may exist that are similar to index studies, but which were not specifically designed 
to test an index study. Such papers which unintentionally replicate a past finding might be 
caught in a systematic review but did not meet our criteria for replication. However, given the 
large sample size of studies explored, the replication study rate reported here is likely to be an 
accurate estimate.  
 
The different domains and categories of the IMPISCO framework were developed 
specifically for this analysis, and would need further evaluation as an instrument, testing 
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construct validity and independence of the category definitions, creating more fine-grained 
subscales as study reporting improves, and assessing inter-rater performance in category 
assignments. The Fidelity Score will likely also require further refinement and testing on new 
replication surveys. 
 
Conclusion 
 
Highlighting poor replication practice is uncomfortable because it calls into question the 
basis of currently held ideas in a discipline and suggests research methods require 
improvement. While it is clear that clinical decision support systems are valuable and 
effective, there is actually an urgent need to better characterise which core CDSS principles 
require replication, to identify past replication data where it exists, and to conduct missing 
replication studies for critical principles. Serious attention to research replication should 
improve both the efficiency and effectiveness of CDSS research and avoid potentially 
harmful trial and error technology deployment. We can anticipate that these issues arise 
across the board in the health and biomedical informatics literature, and the discipline will be 
stronger for attending to them. 
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Appendix 1: Search strategy 
Database: Medline (via Ovid platform) 
Date: 11 Jun 2020 
Limits: Humans 
#1 ((replicat* or reproduc* or re-analysis).ti,ab. or "Reproducibility of Results"/) not 
"reproductive".ti,ab. 
#2 Decision Support Systems, Clinical/ or Decision Making, Computer-Assisted/ or decision 
support system.mp. or Diagnosis, Computer-Assisted/ or hospital information system.mp. or 
Hospital Information Systems/ or Medical Order Entry Systems/ or Electronic Prescribing/ or 
computerized physician order entry.mp. or computerized provider order entry.mp. or 
computerized prescribing.mp. or computerized order entry.mp. or computer order 
entry.mp. or electronic prescribing systems.mp. or CPOE.ti,ab. 
#3  (Applied clinical informatics or artificial intelligence in medicine or biomedizinische 
technik or bmc medical informatics & decision making).jn. or computer methods & 
programs in biomedicine.jn. or health informatics journal.jn. or health information 
management.jn. or "ieee journal of biomedical & health informatics".jn. or informatics for 
health & social care.jn. or "international journal of medical informatics".jn. or 
"international journal of technology assessment in health care".jn. or internet 
interventions.jn. or jmir medical informatics.jn. or "jmir mhealth and uhealth".jn. or jmir 
serious games.jn. or “journal of biomedical informatics".jn. or "journal of evaluation in 
clinical practice".jn. or "journal of medical internet research".jn. or "journal of medical 
systems".jn. or "journal of the american medical informatics association".jn. or medical & 
biological engineering & computing.jn. or medical decision making.jn. or "methods of 
information in medicine".jn. or statistical methods in medical research.jn. or statistics in 
medicine.jn. or therapeutic innovation & regulatory science.jn. 
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Appendix 2 – Fidelity data extraction Tables for Included Studies 
 
Original study: Han YY, A CJ, Venkataraman ST, et al. Unexpected increased mortality after implementation of a commercially sold 
computerized physician order entry system. Pediatrics 2005;116(6):1506-12 
 
Replication study: Del Beccaro, M.A., Jeffries, H.E., Eisenberg, M.A. and Harry, E.D., 2006. Computerized provider order entry 
implementation: no association with increased mortality rates in an intensive care unit. Pediatrics, 118(1), pp.290-295. 
 

 1. Identical  
(Exact replication) 

2. Substitutable (Partial 
replication) 

3. In-Class 
(Conceptual 
replication) 

4. Augmented 
(+ Quasi) 

5. Out of 
Class  
(not 
replicated) 

I 
(investigators) 
 

 Team with same skills from 
closely matched organisation 
 
Original team is from Department 
of Critical Care Medicine, 
University of Pittsburgh School of 
Medicine, Pittsburgh, 
Pennsylvania; and ‡Department 
of Critical Care 
Medicine/Transport, Children’s 
Hospital of Pittsburgh, Pittsburgh, 
Pennsylvania. Replication team is 
from Children’s Hospital and 
Regional Medical Center, Seattle, 
Washington. 

   
 

M 
(method) 

Same method 
 

Method overlaps but includes 
variations that still permit direct 
comparison 
 

 
 
 

Additional method  
 
Note: Changes in the 
measurement period. 
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Both study designs are single-
arm, pre-post quasi-experiment 
with historical control. 

Statistical analyses varied a little. 
Han:  Mann-Whitney rank sum 
test for continuous data, chi 
square or Fisher’s exact tests for 
categorical data; odds ratio. To 
determine which factors might be 
independently associated with 
mortality, all variables whose P 
values were <.25 in univariate 
analysis were entered into a 
stepwise logistic regression model 
that also accounted for significant 
interactions between variables. 
Del Beccaro used t-test, two-
sample tests of proportions and 
relative risks. 
 

Han measured mortality 
5 months post-
implementation period, 
while Del Beccaro 
measured both 5-month, 
and 13-month post-
implementation period.  
 

P  
(population) 

 Similar cohort drawn from same 
population  
 
Original population is drawn from 
Children’s Hospital Pittsburgh. 
The population were children who 
were admitted to the hospital via 
interfacility transport for 
specialised, tertiary-level care. 
 
Replication population is drawn 
from Children’s Hospital and 
Reginal Medical Centre in 
Seattle, Washington. 10% of 
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included patients were transported 
from another facility. 

I (intervention) Same intervention 
 
Both studies used the same 
software platform.  The CPOE 
systems of both institutions 
included real-time 
decision support in the form of 
allergy checking, 
dose checking, and custom 
rules. 

 
 

 Supplement intervention 
design 
 
Note:  
In addition, Del 
Beccaro’s 
implementation 
consisted of >230 
disease and/or 
departmental 
order sets, 2500 order 
“sentences,” and a high 
degree 
of filtering (code-set 
filtering) that were 
designed to 
provide the most 
frequently needed 
orders while minimizing 
the number of “clicks” 
required by a provider 
to enter an order.  
“we visited their 
hospital and were 
fortunate enough to 
incorporate the lessons 
that they learned into 
our implementation 
plan.” 
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“what was different at 
our 
institution? Both 
institutions placed a 
great deal of effort 
in designing and 
implementing order 
sets, but CHP did 
not have order sets for 
the critical care setting 
available 
at implementation. At 
the CHRMC, we 
implemented 
inpatient CPOE with 12 
infant ICU-specific and 
16-PICU 
specific order sets in 
addition to order sets for 
extra- 
corporeal life support, 
renal replacement 
therapy, and 
complex cardiac and 
transplant surgery. We 
had active 
involvement of our 
intensive care staff 
during the de- 
sign, build, and 
implementation stages. 
Within 1 month 
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after implementation we 
added another order set 
that 
contained the ICU’s 
most frequently placed 
orders with 
precompleted order 
sentences. In addition, 
we built 
more order sentences 
and code-set filters that 
dramatically reduced the 
time it takes a clinician 
to enter orders. 
We feel that these are 
prerequisites for a 
successful 
implementation for any 
future institutions 
contemplating 
CPOE. In an effort to 
help other similar 
institutions we 
have shared our 
experience and order-set 
content with 
other pediatric 
facilities.” 

S  
(setting) 

 Substitutable setting 
 
Note: Both studies were carried 
out in tertiary care children’s 
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hospitals. Original study was 
carried out in Pittsburgh. 
Replication study was carried out 
in Seattle. 

C (comparator) Same comparator  
Both studies have historical 
control. 

 
 

 comparator 
 
 

 

O  
(outcome) 

Same outcomes and 
measurement methods (device 
and protocol) 
 
Note: Han found that mortality 
rate statistically significantly 
increased from 2.8% to 3.86% 
after CPOE implementation. 
Del Beccaro found that 
mortality rate non-statistically 
significantly decreased from 
4.22% to 3.46% post-
implementation. 
 
“The differences in our study 
suggest that implementation 
issues (more order sets, 
sentences, code-set filtering, 
ability to get medications 
directly from the medication-
dispensing system in emergent 
cases) rather than inherent 
issues with the CPOE itself or 
the underlying 
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high risk of a particular 
software system are the 
primary 
risk factors affecting mortality 
during implementation of 
CPOE. To show a more direct 
proof for the differences in 
our outcomes would have 
required preimplementation 
and postimplementation 
measures of order timing and 
communication issues at both 
institutions, which 
unfortunately are not 
available.” 
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Original study: Han YY, A CJ, Venkataraman ST, et al. Unexpected increased mortality after implementation of a commercially sold 
computerized physician order entry system. Pediatrics 2005;116(6):1506-12 
 
Replication study: Al-Dorzi, H.M., Tamim, H.M., Cherfan, A., Hassan, M.A., Taher, S. and Arabi, Y.M., 2011. Impact of computerized 
physician order entry (CPOE) system on the outcome of critically ill adult patients: a before-after study. BMC medical informatics and decision 
making, 11(1), p.71. 
 
 1. Identical  

(Exact replication) 
2. Substitutable (Partial 
replication) 

3. In-Class 
(Conceptual 
replication) 

4. Augmented 
(+ Quasi) 

5. Out of Class  
(not replicated) 

I (investigators) 
 

  Team with similar 
skills from 
different 
organisation  
 
Original team is 
from a US hospital. 
Replication team is 
from King 
Abdulaziz Medical 
City, Saudi Arabia. 

  

M 
(method) 

Same method 
 
Study design - 
Historical control, 
single arm. 

Method overlaps but includes 
variations that still permit 
direct comparison 
 
Both studies used t-test, chi-
square test, and stepwise 
multivariate logistic 
regression analysis. Original 
study used odds ratio, while 
replication study used 
adjusted odds ratio. 
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P  
(population) 

    Different cohort 
and different 
population  
 
Original 
population is 
drawn from 
tertiary care 
children’s hospital. 
Replication 
population is 
drawn from adult 
patients in tertiary 
care centre. 

I (intervention)   Drawn from same 
class and similar 
causal role in 
impacting 
outcomes 
 
Both interventions 
were commercial 
CPOE (original is 
from Cerner, 
replication is from 
Misys). Both 
included 
medication order, 
dose checking and 
allergy. [Difficult 
to say it is same 
design or not due 
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to little description 
in the manuscript.] 

S  
(setting) 

    Different 
 
Original study is in 
the US, while 
replication study is 
in Saudi Arabia. 
The hospital 
settings are 
different too: one 
is children, one is 
adult. 

C (comparator) Same comparator 
 
Both have historical 
arm 

    

O  
(outcome) 

Same outcomes and 
measurement 
methods (device and 
protocol) 
 
Both measured 
mortality outcomes. 

 
 

 Additional 
outcome  
 
Replication study 
measured hospital 
mortality, as well 
as duration of 
mechanical 
ventilation, and 
ICU and hospital 
length of stay.  in 
addition to ICU 
mortality. 
In replication 
study, these 
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outcomes were 
also compared in 
selected high-risk 
subgroups of 
patients (age 12-17 
years, traumatic 
brain injury, 
admission 
diagnosis 
of sepsis and 
admission 
APACHE II > 23). 
Original study 
found that 
mortality rate 
statistically 
significantly 
increased from 
2.8% to 3.86% 
after CPOE 
implementation. 
Replication study 
found that there 
were no difference 
in ICU and 
hospital mortality. 
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Original study: Han YY, A CJ, Venkataraman ST, et al. Unexpected increased mortality after implementation of a commercially sold 
computerized physician order entry system. Pediatrics 2005;116(6):1506-12 
 
Replication study: Brunette, D.D., Tersteeg, J., Brown, N., Johnson, V., Dunlop, S., Karambay, J. and Miner, J., 2013. Implementation of 
computerized physician order entry for critical patients in an academic emergency department is not associated with a change in mortality 
rate. Western Journal of Emergency Medicine, 14(2), p.114. 
 
 1. Identical  

(Exact 
replication) 

2. Substitutable (Partial 
replication) 

3. In-Class 
(Conceptual replication) 

4. Augmented 
(+ Quasi) 

5. Out of Class  
(not replicated) 

I 
(investigators) 
 

 Team with same skills 
from closely matched 
organisation 
 
Original team is from 
Department of Critical 
Care Medicine, 
University of Pittsburgh. 
Replication team is from 
Hennepin County 
Medical Center, 
Department of 
Emergency Medicine, 
Minneapolis, Minnesota. 

   

M 
(method) 

Same method 
 
Study design – 
pre-post quasi-
experimental. 

Method overlaps but 
includes variations that 
still permit direct 
comparison 
 
Original study used t-
test, chi-square test, and 
stepwise multivariate 
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logistic regression 
analysis. Replication 
study analyzed data 
using descriptive 
statistics, chi- square, 
and Wilcoxon rank sum 
tests. *Note: Replication 
study described 
statistical methods 
unclearly. 

P  
(population) 

    Different cohort and 
different population 
 
Original population 
is drawn from 
tertiary care 
children’s hospital. 
Replication 
population is drawn 
from the Emergency 
Department of an 
urban county 
hospital, focusing on 
critically ill patients. 

I (intervention)   Drawn from same class 
and similar causal role in 
impacting outcomes 
 
Both interventions were 
commercial CPOE 
(original is from Cerner, 
replication is from Epic 
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System). The replication 
study had the order set 
specific to patient’s 
clinical problem with a 
list of the commonly 
prescribed medications, 
laboratory studies and 
radiographic imaging. 

S  
(setting) 

    Different 
 
Original study is at a 
tertiary care 
pediatrics hospital. 
Replication study is 
at the Emergency 
Department. 

C (comparator) Same 
comparator 
 
Historical 
arm. 

    
 

O  
(outcome) 

  Matches outcome class 
e.g. mortality, morbidity, 
process or economic, 
allows qualitative 
comparisons 
 
They both measured 
mortality (one in children 
ICU, other is in adult 
emergency care). 

Additional outcome 
 
Original study measured 
mortality rate in ICU. 
Replication study measured 
mortality in the ED, after 
admission, and overall. 
Secondary outcome 
measures included length of 
stay in the resuscitation area 
of the ED, length of hospital 
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stay, and disposition 
following hospitalization. 
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Original study: Han YY, A CJ, Venkataraman ST, et al. Unexpected increased mortality after implementation of a commercially sold 
computerized physician order entry system. Pediatrics 2005;116(6):1506-12 
 
Replication study: Longhurst, C.A., Parast, L., Sandborg, C.I., Widen, E., Sullivan, J., Hahn, J.S., Dawes, C.G. and Sharek, P.J., 2010. 
Decrease in hospital-wide mortality rate after implementation of a commercially sold computerized physician order entry system. Pediatrics, 
126(1), pp.14-21. 

 1. Identical  
(Exact replication) 

2. Substitutable (Partial 
replication) 

3. In-Class 
(Conceptual 
replication) 

4. Augmented 
(+ Quasi) 

5. Out of Class  
(not replicated) 

I (investigators) 

 

 Team with same skills from 

closely matched 

organisation 

 

Original team is from 

Department of Critical Care 

Medicine, University of 

Pittsburgh. Replication 

team is from Department 

of Pediatrics, Stanford 

University, Lucile Packard 

Children’s Hospital and 

Harvard University. 

   

M 

(method) 

Same method 

 

Study design is the 

same. 

Method overlaps but 

includes variations that still 

permit direct comparison 

 

Original study used t-test, 

chi-square test, and 

stepwise multivariate 

logistic regression analysis. 

Replication study used two-

 Additional method 

 

The replication study had 

some additional methods: 

• Because the mortality-

rate outcomes are 

reported monthly, time 

series modelling was 
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sample t-test and a paired 

t-test. 

performed to model 

the potential 

autocorrelations in 

time. 

• Autoregressive 

integrated moving 

average (ARIMA) 

models with a 12-

month seasonality 

effect were 

implemented, with the 

Akaike Information 

• Criterion used for 

covariance model 

selection to avoid 

overparameterization 

of the time-series 

model while 

maintaining adequate 

fit. Normalized 

prediction errors from 

the full model were 

evaluated to ensure 

model accuracy. The 

estimated coefficient 

of the preintervention 

versus postintervention 

periods was 

interpreted as the 

impact of the 
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intervention, expressed 

as the number of 

additional or decreased 

deaths per 100 

discharges that have 

occurred per month 

since the date of 

implementation. 

• Identical time-series 

methodology has also 

been used to evaluate 

the effect of a rapid-

response team (RRT) (a 

multidisciplinary 

precode team available 

24 hours/day for 

consultation within 15 

minutes of a request) 

on the hospital wide 

mortality rate at our 

own institution. 

• All models were 

adjusted for monthly 

case-mix index and for 

the RRT intervention 

that had previously 

been associated with a 

significant 

improvement in 

mortality rates. 
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P  

(population) 

  

 

Similar cohort 

drawn from 

different 

population  

 

Original study 

was drawn from 

a tertiary care 

children’s 

hospital. 

Replication study 

was drawn from 

a quaternary care 

children’s 

hospital. 

  

I (intervention)  

Same intervention 

 

Both studies used 

Cerner CPOE. 

  Supplement intervention 

design 

 

Replication study has a 

different implementation 

process.  

• Standardisation of 

order sets and patient 

care orders resulting 

in better 

communication 

between staff 

• Vital-sign documents 

and medication-

administration data 
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was remotely 

accessible in real time 

• Elimination of 

redundant 

transcription of 

medicine orders by 

pharmacists 

 

S  

(setting) 

 Locally similar 

 

Both studies were done in 

a children’s hospital. 

Original study was done in 

Pittsburgh. Replication 

study was done in Stanford 

University.  

   

C (comparator) Same comparator 

 

Historical arm 

    

 

O  

(outcome) 

 

 

Method available to 

compare outcomes and 

adjust for measurement 

device or protocol 

differences  

 

Both studies measured 

mortality outcomes. 

Original study compared 

mortality rates between 

13-month pre-
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implementation, and 5-

month post-

implementation. 

Replication study 

compared mortality rate 

27months before 

intervention and 29 

months after 

implementation. 
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Original study: Han YY, A CJ, Venkataraman ST, et al. Unexpected increased mortality after implementation of a commercially sold 
computerized physician order entry system. Pediatrics 2005;116(6):1506-12 
 
Replication study: Han, J.E., Rabinovich, M., Abraham, P., Satyanarayana, P., Liao, T.V., Udoji, T.N., Cotsonis, G.A., Honig, E.G. and Martin, 
G.S., 2016. Effect of electronic health record implementation in critical care on survival and medication errors. The American journal of the 
medical sciences, 351(6), pp.576-581. 
 

 1. Identical  
(Exact replication) 

2. Substitutable (Partial 
replication) 

3. In-Class 
(Conceptual 
replication) 

4. Augmented 
(+ Quasi) 

5. Out of Class  
(not replicated) 

I (investigators) 

 

 Team with same skills from 

closely matched organisation 

 

Original team is from 

Department of Critical Care 

Medicine, University of 

Pittsburgh. Replication team 

is from Department of 

Medicine, Emory University, 

Atlanta, Georgia.  

   

M 

(method) 

Same method 

 

Same study design 

Method overlaps but 

includes variations that still 

permit direct comparison 

 

Original study used t-test, 

chi-square test, and stepwise 

multivariate logistic 

regression analysis. The 

replication study used chi-

square analysis, Fisher’s 

exact test, T tests, logistic 

 

 

Additional method 

 

The replication 

study also ran one-

way analysis of 

variance and one-

way analysis of 

covariance. 
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regression, one-way analysis 

of variance and one-way 

analysis of covariance were 

performed. Analysis of 

covariance was used to 

compare the 3 periods after 

adjusting for the APACHE II 

score. Tukey’s post hoc 

pairwise comparisons were 

performed using these 

adjusted means. Before the 

analysis, ICU length of stay 

(LOS) and hospital LOS were 

log-transformed, due to 

skewed distribution of LOS in 

days. The results from the 

analysis of variance were 

back-transformed to the 

original units. 

P  

(population) 

    Different cohort 

and different 

population  

 

The original study 

is done in children, 

the replication 

study is done in 

critically ill adults. 

I (intervention)   Drawn from same 

class and similar 
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causal role in 

impacting 

outcomes 

 

Both studies had 

CPOE. 

S  

(setting) 

    Different 

The original study 

is done in 

children’s hospital 

ICU, meanwhile 

the replication 

study is done in 

adult ICU. 

C (comparator) Same comparator 

 

Historical control 

   `` 

 

O  

(outcome) 

 Method available to 

compare outcomes and 

adjust for measurement 

device or protocol 

differences  

 

Both look at mortality. 

Original study compared 

mortality rates between 13-

month pre-implementation, 

and 5-month post-

implementation. Replication 

study compares patient 

 

 

Additional 

outcome 

 

Replication study 

also looks at 

medical ICU 

hospital length of 

stay and 

medication errors.  
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outcomes from 4 months 

before EHR implementation, 

4 months after 

implementations, and 8 

months after 

implementation. 
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Original study: Han YY, A CJ, Venkataraman ST, et al. Unexpected increased mortality after implementation of a commercially sold 
computerized physician order entry system. Pediatrics 2005;116(6):1506-12 
 
Replication study: Keene, A., Ashton, L., Shure, D., Napoleone, D., Katyal, C. and Bellin, E., 2007. Mortality before and after initiation of a 
computerized physician order entry system in a critically ill pediatric population. Pediatric Critical Care Medicine, 8(3), pp.268-271. 
 

 1. Identical  
(Exact replication) 

2. Substitutable (Partial 
replication) 

3. In-Class 
(Conceptual 
replication) 

4. Augmented 
(+ Quasi) 

5. Out of Class  
(not replicated) 

I (investigators) 

 

 Team with same skills from 

closely matched organisation 

 

Original team is from 

Department of Critical Care 

Medicine, University of 

Pittsburgh. Replication team 

is from the Divisions of 

Critical Care Medicine, and 

Pediatric Critical Care and 

Department of Medicine, 

Outcome Analysis Decision 

Support, Montefiore Medical 

Center, Albert Einstein 

College of Medicine, Bronx, 

NY. 

   

M 

(method) 

Same method 

 

Same study design 

Method overlaps but 

includes variations that still 

permit direct comparison 

 

Original study used t-test, 

chi-square test, and stepwise 

 Additional method 

 

Because of 

correlated data, 

generalized 

estimating 
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multivariate logistic 

regression analysis. The 

replication study used Mann-

Whitney U test, chi-square 

and Fisher’s exact tests.  

A purposeful selection 

logistic regression process 

(initially including all 

variables with p <.25) was 

used 

to determine which factors 

were independently 

associated with mortality. 

equations with 

robust standard 

errors also were 

used to determine 

the significance 

levels of the 

differences among 

all groups. 

P  

(population) 

 Similar cohort drawn from 

same population 

 

Both studies look at children 

population. Original study 

looks at children who were 

admitted to the hospital via 

interfacility transport for 

specialised, tertiary-level 

care. Meanwhile the 

replication study looks at all 

patients 

admitted directly from the 

delivery, emergency, or 

operating rooms, or as 

transfers from other 
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institutions, to the neonatal 

ICU at the hospital. 

I (intervention)   Drawn from same 

class and similar 

causal role in 

impacting 

outcomes 

 

Due to limited 

info/description it 

is hard to tell. The 

original study used 

CPOE system from 

Cerner. The 

replication study 

used the PHAMIS 

LastWord Online 

Medical Record 

system. 

  

S  

(setting) 

 Locally similar  

 

Both in children’s hospital of 

different cities in the US. 

 

 

  

C (comparator) Same comparator 

 

Historical control 

    

 

O  

(outcome) 

 Method available to 

compare outcomes and 

adjust for measurement 
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device or protocol 

differences 

 

Both studies measured 

mortality. 

Original study compared 13-

months pre-CPOE to 5-

months post-CPOE. 

Replication study compared 

2 periods of 6-month pre-

CPOE to 6 months post-CPOE 

[“The study included all 

patients admitted directly 

from the delivery, 

emergency, 

or operating rooms, or as 

transfers from other 

institutions, to the neonatal 

ICU at MMC from September 

2000 through February 2001, 

September 2001 through 

February 2002, and 

September 2002 through 

February 2003. Patients in 

the first two time periods 

from each unit were 

combined to form the pre-

CPOE group, and patients in 

the last time period from 
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each unit formed the post-

CPOE group.”] 
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Original study: Zachariah, M., Phansalkar, S., Seidling, H.M., Neri, P.M., Cresswell, K.M., Duke, J., Bloomrosen, M., Volk, L.A. and Bates, 
D.W., 2011. Development and preliminary evidence for the validity of an instrument assessing implementation of human-factors principles in 
medication-related decision-support systems—I-MeDeSA. Journal of the American Medical Informatics Association, 18(Supplement_1), 
pp.i62-i72. 
Replication study: Cho, I., Lee, J., Han, H., Phansalkar, S. and Bates, D.W., 2014. Evaluation of a Korean version of a tool for assessing the 
incorporation of human factors into a medication-related decision support system: the I-MeDeSA. Applied clinical informatics, 5(2), p.571. 
 

 1. Identical  
(Exact replication) 

2. Substitutable (Partial 
replication) 

3. In-Class 
(Conceptual 
replication) 

4. Augmented 
(+ Quasi) 

5. Out of Class  
(not replicated) 

I (investigators) 

 

 Team with same skills from 

closely matched organisation  

 

Original team are health 

researchers from the US. 

Replication team are also 

health researchers, but from 

Korea. “One of the authors 

(I.C.) who has been involved 

in an I-MeDeSA validation 

study with the developers 

carried out the translation.” 

 

 

 

 

 

M 

(method) 

Same method 

 

Same study design – 

both validated a 

survey.  

 

 

   

P  

(population) 

 Similar cohort drawn from 

same population 
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Drug-drug interaction are 

from US and Korean 

hospitals.  

I (intervention)  Different provenance (e.g. 

manufacturer) but near 

same design (no theoretic 

reason differences impact 

outcomes) 

 

English and Korean version 

of the same survey. 

   

S  

(setting) 

  Non-local similar  

 

Original study was 

conducted in the 

US, replication 

study is in Korea. 

  

 

C (comparator) 

 

Not applicable 

     

O  

(outcome) 

Same outcomes and 

measurement 

methods (device and 

protocol) 
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Original study: Zachariah, M., Phansalkar, S., Seidling, H.M., Neri, P.M., Cresswell, K.M., Duke, J., Bloomrosen, M., Volk, L.A. and Bates, 
D.W., 2011. Development and preliminary evidence for the validity of an instrument assessing implementation of human-factors principles in 
medication-related decision-support systems—I-MeDeSA. Journal of the American Medical Informatics Association, 18(Supplement_1), 
pp.i62-i72. 
Replication study: Baysari, M.T., Lowenstein, D., Zheng, W.Y. and Day, R.O., 2018. Reliability, ease of use and usefulness of I-MeDeSA for 
evaluating drug-drug interaction alerts in an Australian context. BMC medical informatics and decision making, 18(1), p.83. 
 

 1. Identical  
(Exact replication) 

2. Substitutable (Partial 
replication) 

3. In-Class 
(Conceptual 
replication) 

4. Augmented 
(+ Quasi) 

5. Out of Class  
(not replicated) 

I (investigators) 

 

 Team with same skills from 

closely matched organisation 

 

Both are health researchers, 

one from the US, one from 

Australia. 

   

M 

(method) 

Same method 

 

Same study design – 

survey testing. 

    

P  

(population) 

 Similar cohort drawn from 

same population 

   

I (intervention) Same intervention 

 

Same survey 

 

 

 

   

S  

(setting) 

Same context Locally similar  

 

USA versus Australia context. 

Non-local similar Additional context Different 

 

 

C (comparator) 
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Not applicable 

O  

(outcome) 

Same outcomes and 

measurement 

methods (device and 

protocol) 
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Original study: Hadji, B., Martin, G., Dupuis, I., Campoy, E. and Degoulet, P., 2016. 14 Years longitudinal evaluation of clinical information 
systems acceptance: The HEGP case. International journal of medical informatics, 86, pp.20-29. 
 
Replication study: Mellikeche, S., Boussekey, O., Martin, G., Campoy, E., Lajonchère, J.P. and Degoulet, P., 2018. Evaluation of the unified 
model of information systems continuance (UMISC) in two hospital environments. International journal of medical informatics, 117, pp.66-81. 
 

 1. Identical  
(Exact replication) 

2. Substitutable (Partial 
replication) 

3. In-Class 
(Conceptual 
replication) 

4. Augmented 
(+ Quasi) 

5. Out of Class  
(not replicated) 

I (investigators) 

 

 

 

Team with same skills from 

closely matched organisation  

 

Same team with additional 

members. 

  

 

 

M 

(method) 

Same method 

 

Same study design.  

Method overlaps but 

includes variations that still 

permit direct comparison 

   

P  

(population) 

 Similar cohort drawn from 

same population 

 

Both studies are drawn from 

Paris hospitals. Replication 

study also carried out 

external validation at 

another Paris acute care 

institution. 

  

 

 

I (intervention) Same intervention 

 

Both looked at the 

the unified model of 
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information systems 

continuance 

(UMISC). 

S  

(setting) 

 Locally similar 

 

Both were carried out in 

Paris hospitals. Replication 

study also carried out 

external validation at 

another Paris acute care 

institution. 

   

C (comparator) 

 

Not applicable 

    

 

 

O  

(outcome) 

Same outcomes and 

measurement 

methods (device and 

protocol) 

 

Both look at 

validation results of 

the same model. 
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Original study: Hadji, B., Martin, G., Dupuis, I., Campoy, E. and Degoulet, P., 2016. 14 Years longitudinal evaluation of clinical information 
systems acceptance: The HEGP case. International journal of medical informatics, 86, pp.20-29. 
 
Replication study: Mellikeche, S., de Fatima Marin, H., Benítez, S.E., de Lira, A.C.O., de Quirós, F.G.B. and Degoulet, P., 2020. External 
validation of the unified model of information systems continuance (UMISC): An international comparison. International Journal of Medical 
Informatics, 134, p.103927. 
 

 1. Identical  
(Exact replication) 

2. Substitutable (Partial 
replication) 

3. In-Class 
(Conceptual 
replication) 

4. Augmented 
(+ Quasi) 

5. Out of Class  
(not replicated) 

I (investigators) 

 

 Team with same skills from 

closely matched organisation  

 

Same team with additional 

members. 

  

 

 

M 

(method) 

Same method 

 

Same study design. 

    

P  

(population) 

  Similar cohort 

drawn from 

different 

population  

 

Original study 

population were 

drawn from French 

hospitals. 

Replication study 

were drawn from 

Italian and 

Brazilian hospitals. 
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I (intervention)  Different provenance (e.g. 

manufacturer) but near 

same design (no theoretic 

reason differences impact 

outcomes) 

 

Same model that was 

translated to Brazilian 

Portuguese and Spanish. 

   

S  

(setting) 

  Non-local similar  

 

The two studies 

were done in 

different 

countries: 1- 

France, 2- Brazil 

and Italy. 

  

 

C (comparator) 

 

Not applicable 

     

 

O  

(outcome) 

Same outcomes and 

measurement 

methods (device and 

protocol) 

 

Both look at 

validation results of 

the same model in 

different languages. 
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Original study: Farmer, N. & Schilstra, M. J. (2012) A knowledge-based diagnostic clinical decision support system for musculoskeletal 
disorders of the shoulder for use in a primary care setting. Shoulder & Elbow, 4 (2), 141–151. 
 
Replication study: Farmer, N., 2014. An update and further testing of a knowledge‐based diagnostic clinical decision support system for 
musculoskeletal disorders of the shoulder for use in a primary care setting. Journal of evaluation in clinical practice, 20(5), pp.589-595. 
 
 

 1. Identical  
(Exact replication) 

2. Substitutable (Partial 
replication) 

3. In-Class 
(Conceptual 
replication) 

4. Augmented 
(+ Quasi) 

5. Out of Class  
(not replicated) 

I (investigators) 

 

Same research team  

 

Same team, minus 1 

member. 

    

M 

(method) 

Same method 

 

Same study design – 

quasi-experimental. 

Method overlaps but 

includes variations that 

still permit direct 

comparison 

 

The original study had 50 

cases, and the replication 

study had 93 cases. 

   

P  

(population) 

  Similar cohort 

drawn from 

different 

population 

 

Original study used 

test cases from one 

primary care trust-

based diagnostic 
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clinic. Replication 

study used test 

cases from one 

secondary care 

clinic. 
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I (intervention)  

 

 In class  

New inference 

structure used for 

the BNN. Updated 

knowledge base 

after conducting 

two surveys. 

   

S  

(setting) 

  Non-local similar 

 

Original study’s 

context is primary 

care service, the 

replication is 

secondary care 

services. 

  

 

C (comparator) 

Not applicable 

     

 

O  

(outcome) 

Same outcomes and 

measurement 

methods (device and 

protocol) 

 

Both measured the 

performance of the 

system. 
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Original study: Kim H, Choi J, Thompson S, Meeker L, Dykes P, Goldsmith D, Ohno-Machado L. Automating pressure 
ulcer risk assessment using documented patient data. Int J Med Inform 2010; 79 (12): 840-848. 
 
Replication study: Choi, J. and Kim, H., 2013. Enhancement of decision rules to increase generalizability and performance of the rule-based 
system assessing risk for pressure ulcer. Applied clinical informatics, 4(2), p.251. 
 

 1. Identical  
(Exact replication) 

2. Substitutable (Partial 
replication) 

3. In-Class 
(Conceptual 
replication) 

4. Augmented 
(+ Quasi) 

5. Out of Class  
(not replicated) 

I (investigators) 

 

Same research team  

 

Same team minus a 

few members. 

    

M 

(method) 

Same method 

 

Same study design – 

developing and 

validating a rule-

based system 

    

P  

(population) 

Same cohort  Dissimilar cohort 

drawn from same 

population 

 

Spaulding (a 

Rehabilitation 

Hospital) and 

Massachusetts 

General Hospitals 

(an acute care 

hospital). 
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I (intervention)   Non-identical 

 

Re-engineering of 

data items, 

representation 

(GLIF) and 

knowledge base. 

  

S  

(setting) 

  Different context 

 

Acute Vs 

Rehabilitation 

hospital. 

  

C (comparator) 

Not applicable 

     

O  

(outcome) 

Same outcomes and 

measurement 

methods (device and 

protocol) 

 

Human and DSS 

agreement in 

completing Braden 

Scale 
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Appendix 3 – Fidelity Scores for Included Papers 
 
Score: Using entries in Appendix 2, for each of the seven IMPISCO domains, score +4 for an entry in Identical, +3 for Substitutable, +2 for an 

entry in in-class, +1 for augmented and 0 for out-of-class. If more than one entry per domain for a paper, then add scores and averraged by 

number of scores. For example, with three category entries for Method in del Baccaro et al. (2006) we calculate (4 + 3 + 1)/3 = 2.66. Raw 

scores are then normalized by dividing by the number of available points. For example, studies with no comparator arm in the original or index 

study can score a maximum of 24 points compared to those with a comparator which can score 28. 

 

 Investigators Method Population Intervention Setting  Comparator Outcome Raw Score  Fidelity 
Score 
 

Del Baccarro et al. 

(2006) 

3 2.66 3 2.5 3 4 4 22.16/28 0.79 

Keen et al. (2007) 3 2.66 3 2 3 4 3 20.66/28 0.74 

Longhurst et al. (2010) 3 2.66 2 2.5 3 4 3 20.16/28 0.72 

Al-Dorzi et al. (2011) 2 3.5 0 2 0 4 2.5 14/28 0.5 

Brunette et al. (2012) 3 3.5 0 2 0 4 1.5 14/28 0.5 

Han et al. (2016) 3 2.66 0 2 0 4 2 13.66/28 0.49 

Cho et al. (2014) 3 4 3 3 2 N/A 4 19/24 0.79 

Baysari et al. (2018) 3 4 3 4 3 N/A 4 21/24 0.88 

Mellikeche et al. 

(2018) 

3 3.5 3 4 3 N/A 4 20.5/24 0.85 

Mellikeche et al. 

(2020) 

3 4 2 3 2 N/A 4 18/24 0.75 

Farmer (2014). 4 3.5 2 2 2 N/A 4 17.5/24 0.73 

Choi and Kim (2013) 4 4 2 2 2 N/A 4 18/24 0.75 
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