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Abstract  
Although health care providers advise healthy and chronically ill adults to adopt positive health behaviors, traditional 
interventions focused on motivation and intention have been largely ineffective. Researchers have tested the ability of 
continuous self-improvement (CSI), an innovative personal system-based intervention, to affect health behavior change at 
the individual level. This paper systematically reviews CSI interventions focused on improving health behaviors. A search 
of multiple databases was performed using ‘continuous self-improvement’ as the search term. Abstracts of identified 
studies were reviewed to determine if CSI was used as an intervention-regardless of sample size, study type, or language.  
This review identified nine studies testing the CSI intervention in healthy or chronically ill adults.  Effect sizes for the two 
randomized controlled trials were large. CSI shows promise as an effective intervention across a broad age range for a 
variety of difficult-to-change behaviors. Future research should address methodologic weaknesses. 
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1 Introduction 
Health care providers routinely advise healthy and chronically ill adults to adopt positive health behaviors to improve the 
quality and longevity of life. However, chronically ill adults do not follow nearly half of such recommendations [20, 26, 35]. 
Although intervention research has attempted to enhance these health-promoting behaviors through motivation and 
intention, changing health behaviors is difficult, complex, and largely ineffective [8]. Researchers have tested the ability of 
continuous self-improvement (CSI), an innovative personal system-based intervention, to affect health behavior change at 
the individual level. This paper systematically reviews CSI interventions focused on improving health behaviors.  

The costs of health behavior change failure are high. For example, if medication nonadherence rates increase, subsequent 
increases in morbidity and mortality may occur. Medication nonadherence results in decreased quality of life and 
productivity, increased medical costs due to hospitalization, and increased morbidity and mortality [45, 14, 42].     

Health behavior change interventions have focused primarily at the patient level by enhancing motivation and intention 
through cognitive, affective, and associated behavioral strategies. Cognitive interventions impart knowledge, whereas 
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guide to assist people in personal system-based changes to improve health behaviors [1]. Personal system thinking is 
conceptually defined as the process of understanding how people and circumstances are linked [2]. Alemi and colleagues 
called this approach Continuous Self-improvement (CSI). CSI is a personal system-focused intervention to change 
behavior by influencing the environmental system in which the individual functions (his or her personal system). This 
approach does not blame the individual’s lack of behavior change and/or maintenance but rather focuses on improving the 
system that creates and maintains the behavior [1, 17, 38]. Through a data evaluation and system refinement process called 
Plan-Do-Check-Act (PDCA), personal system changes are identified and implemented; health behaviors become 
ritualistic and habitual, with less effort, motivation, and intention required to maintain the desired health behavior change. 

Plan-Do-Check-Act (PDCA) is one tool employed by the CSI framework to assist in testing of the intervention and is the 
cornerstone of the CSI process. Other important tools include those to assess the system (fishbone, process diagrams, and 
Pareto charts) and those that measure variation (run charts and control charts). System tools are used prior to initiating 
PDCA. CSI is a comprehensive personal quality improvement approach to system change, in which the person functions 
by utilizing system tools and PDCA. Data derived from the PDCA cycles optimize the quality of the system [11, 27]. The 
individual PDCA concepts are defined by Deming as follows: Plan involves identifying and analyzing the individual’s 
environmental system leading to desired change. Do is the implementation of identified systems changes. Check 
determines the effectiveness of the system change by monitoring the desired change. Act evaluates the effectiveness of the 
system change based on the individual’s desired change. At this juncture, the individual can adopt the solution, abandon it, 
or reprocess the solution through the PDCA cycle again. The cycles continue until the system is optimized and the desired 
health behavior change is achieved and maintained. 

Alemi proposes four mechanisms in the framework: “the system is the cause of change; habits involve linked decisions; 
process owners need to join in supporting change; system change is based on data” (p. 81) [2]. The first assumption of 
continuous self-improvement is that the system is the cause of the behavior [2]. Since individual behavior occurs within a 
system, any change in that system results in a change in behavior; Berwick (1996) wrote, “Every system is perfectly 
designed to achieve the results it achieves” (p. 619) [5]. These systems can be purposefully altered to achieve the desired 
change. Personal systems can create negative health behavior, and therefore the system must change at the personal level 
to influence the desired behavior. Alemi et al. (2000) state “discipline and will power are not a personality trait, but a 
function of the environment in which the individual functions … motivation itself is manipulated, engineered, or influenced 
by the system with which the persona has surrounded himself or herself” (p. 81). Although this framework removes blame 
from individuals, they remain responsible for participating in care or accountable for selecting the environment that 
produces the behavior [2]. This personal system approach is consistent with a recent World Health Organization’s report on 
adherence, which suggests that shifting blame from the patient to his or her environment may enhance adherence [41]. 

The second assumption is that habits involve linked decisions [2]. A habit is a repeated pattern of behavior that is 
predictable and ingrained; at times person is unaware the behavior was performed [18]. According to Deming, improvement 
is not a single effort [48]. Rather, a decision influences the decision before it and the decision that follows it. Repeating a 
series of linked decisions over time forms a habit. Examining the personal system allows one to see existing habits and to 
identify possible changes in these linked decisions.  Systems change is meant to be a coil of continuous motion.  Within 
the dynamic health care system, improvement must be a continuous process, always striving for better system  
outcomes [12].   

The third assumption of CSI is that process owners need to join in supporting change. “Knowledge of the dynamic 
relationships of the system and the people that work in it are necessary to manage the system effectively” (p. 97) [48]. When 
others are involved in the personal system, their “touch” or involvement is essential to affect change [2]. Their impact on 
the system must be analyzed systematically. This prerequisite knowledge enhances the system assessment, leading to 
better interventions, and ultimately improves behavior.  
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and CONSORT criteria are for randomized controlled trials [10, 43, 46]. Although STROBE and CONSORT criteria were 
designed to be used as guidelines to improve the reporting of research in manuscripts, De Bleser and colleagues used them 
as quality indicators of the methodological rigor [43, 46].  Data review was performed and agreed upon by both authors. 

Table 1. CSI Literature Review Table  
Author 
(Year) 

Theory/concepts Sample/setting Design Intervention Measure 
/outcome 

Results Strengths 
/limitations 

Alemi, 
Neuhauser, 
Ardito, 
Headrick, 
Moore, 
Hekelman 
& Norman 
(2000) 

CSI 8 step theory of behavior 
change: 
-training in CSI 
-include others if they 
influence the process 
-clearly define the problem 
-understand the process that 
leads to the desired outcome 
-suggest and select solutions 
-carry out a series of small 
change cycles  
-monitor progress and reasons 
for variations in outcomes 
-publicly disclose intentions 
 
Four concepts: 
-system and not will power is 
the cause of change 
 
Habits involve linked decisions 
(change system and change the 
habit) 
-process owner should be 
organized to support change 
-change is data driven  

Behavior:  Lifestyle 
management 
 
N=82 
Medical, nursing and 
administrative students 
at Case Western 
Reserve University 
and Vanderbilt 
University 
(1996-1998). 

Post-test 
only, 
non-equival
ent control 
group 
design 

CSI 
Workbook (n=65); 
no workbook 
(n=17) 
 
Dose:  unknown 
 
Duration: 15 weeks 
 
 

Multiple 
single, 
individual 
self-report on 
various 
outcomes 
/goals 
(lifestyle) 

83% of students 
using the workbook 
reported a measured 
or significant 
improvement  
 
30% of the no 
workbook group 
had a measured 
improvement 
 
Examples: 
Decreased time in 
the bathroom for an 
obsessive 
compulsive female 
from >100 minutes 
to a low of <40 
minutes 
 
Weight lifting 
increase strength 
from 42.5 pounds to 
93pounds 
 
Reducing fatigue at 
work by monitoring 
a fatigue score 
 
Improving personal 
work habits 

3 professional 
student groups 
from 2 
institutions  
 
Self-reports of 
improvement  
 
Short duration of 
intervention  
 
No long-term 
outcomes 

Lundeen, 
Fisher-Pai, 
& 
Neuhauser 
(2001) 

PDSA with statistical modeling 
with regression modeling; no 
changes in environment to 
change the system-system 
monitoring only 
 
 

Behavior: 
Stress 
 
N=1 (student) 
New York 

Case study 

Personal 
Improvement 
workbook 
 
Dose:  unknown 
 
Duration: 3-10 
weeks  
 

Correlations, 
process 
diagrams over 
time 
 
Statistical 
modeling 
 
Self-report on 
16 stress 
variables 
everyday  

Observation 
 
Personal stress 
model developed 

Single case 
 
Self-report data 
 
No long-term 
follow-up 

Alemi, 
Pawloski, 
Fallon 
(2003) 

System thinking: 
-look to environment 
-identify life routines 
-describe causes and effects 
-select system solutions 
-incorporate change into 
routines 
-implement greater than one 
solution 
-examine data 

Behavior: Eating  
 
N=1 
Male physician 
US 

Case study 

CSI 
 
 
 
Dose: unknown 
 
Duration:  
3 months 

Relapse 
documentation 
(number of 
days of failure 
since last 
success) 
identifying 
patterns across 
events 

Diet change with 
carpooling, 
decrease in 
junk food 

Single case 
 
Self-report data 
 
No long-term 
data or outcomes 

Russell, 
Conn,  
Ashbaugh,  
Madsen,  
Wakefield,  
Webb, 
Coffey,  
Peace 
(2010) 

PDCA 

Behavior: 
 
Transplant medication 
adherence 
 
N=15 
Avg. age=51 
Female=8 
80% Caucasian 
Midwestern US 
transplant facility 

RCT 

CSI 
 
Dose:  monthly with 
electronic 
monitoring reports 
 
Duration=6 mo 

Electronic 
monitoring of 
immunosuppr
essant 
medication 
adherence  

Statistically 
significant 
difference between 
the intervention and 
attention-control at 
six months 
(p=0.0396); 
Effect size (Cohen’s 
d=-1.38) 

Pilot RCT 
 
No long-term 
outcomes 
 
Electronic 
monitoring 
measure with 
good reliability 
and validity  

Bacon & 
Stewart 
(2001) 

Six steps:  set QI goals, take 
actions to achieve goals, collect 
information (data), identify 
defects, analyze data, and act to 
eliminate defects.  Roberts 
Personal exercise check list 
utilized along with PDCA tools 

Behavior:  Lifestyle 
changes in students 
(personal 
development, increase 
efficiency, improving 
punctuality) 
 
N=51 (2 sections of 
students N=18; N=33) 
Colorado 

Post-test 
Design 

Six steps of QI 
 
Dose:  unknown 
 
Duration:  one 
semester 

Variety of 
quality tools 
(run chart, 
Pareto chart, 
histogram) 

50% of the class 
reported substantial 
improvement in 
behavior 
 
 

Self-report data 
 
No statistical 
data 
 
No long-term 
outcomes 

 
                                                Table 1 continued on Page 15 
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Table 1. (Continued.)  

Author 
(Year) 

Theory 
/concepts 

Sample 
/setting 

Design Intervention Measure 
/outcome 

Results Strengths 
/limitations 

Scott (1993) PDCA with Pareto 
charts, role 
mapping and run 
charts 

Behavior: Office 
efficiency 
 
N=1 
US 

Case  
study 

CSI 
 
Dose:  unknown 
 
Duration:  
9/10-10/14/92; 
and 11/5-12/1/92 
 
 

Learning, 
facilitation, 
communication, 
one on one, any 
improvement work, 
informational 
meetings, PDCA, 
administration 

Facilitation 
decreased by 
58% (34 hours 
to 14.5 hours) 
 
Communicatio
n decreased by 
50% (20 hours 
to 7.5 hours) 
 
QI 
improvement 
increased from 
15 hours to 27 
hours 
 

Single case  
 
Dose of PDCA 
unknown 
 
Short duration of 
study 
 
No long-term 
outcomes 

Kyrkjebo & 
Hanestad 
(2003) 

PDSA cycles Lifestyle changes 
among nursing 
students 
N=44 
Norwegian 
nursing students 
39 female 
5 male 
Age average=22; 
range 19-32 

Post-test 
Design 

PDSA workbook 
and questionnaire  
 
Dose:  unknown 
 
Duration: 8 
weeks  
 
 
 

Personal 
improvement 
projects in nursing 
student-generally in 
lifestyle or study 
habits (13 
students-study 
habits; 12 sleep; 6 
physical exercise; 5 
eating/drinking 
habits; 2 smoking; 2 
money 
management; 1 
asthma; 1 
housekeeping; 1 TV 
viewing; 1 short 
term memory 
improvement) 

45% of nursing 
students had an 
improvement 
in their study 
habits or 
lifestyle 
 
89% reported 
project helped 
them learn 
CQI 
 
75% reported 
they saw a 
benefit for 
clinical 
practice 

First year nursing 
students with 
limited 
knowledge of 
CQI 
 
Short duration of 
intervention 
 
No long-term 
follow-up 
 
 

Moore 
(2003) 

CSI with diary 
keeping, 
benefits/barriers 
assessment, 
assessment for 
readiness to change.   

Decrease cardiac 
risk factors 
(weight reduction 
5#) 
 
N=6  
age range 60-70 
years 
US 

Post-test 
Design 

Information 
included 
decreasing daily 
calories, 
transition from 
calorie counting 
to portion 
control, eating 
techniques 
during special 
occasions, 
encouragement 
to exercise, 
education on low 
fat and low 
calorie foods. 
 
Dose:  CSI with 
nurse feedback 
on data 2-3 times 
per week 
 
Duration:  one 
month 

Eating patterns (24 
hour calorie count 
twice a week for 
one month 
 
Exercise amount 
 
Weekly weights 
 
Client satisfaction 
with the diet 
regimen and with 
the improvement 
team processes used 

All 
participants 
lost 5 pounds 
 
Patients liked 
the feedback 
by the 
improvement 
team. 

Small sample 
size 
 
No control group 
 
No statistics 
utilized 

Matteson & 
Russell 
(2011) 

CSI/PDCA cycles Behavior:  Adult 
inflammatory 
bowel disease 
medication 
adherence  
N=6 
Age range 22-68 
US 

Pilot RCT CSI with PDCA 
cycle 
Dose:  Once with 
3 month post 
intervention 
measure 
Duration: 3 
months 

Electronic 
monitoring of 
inflammatory 
bowel disease 
medication 
adherence (daily or 
twice daily dosing) 

No statistically 
significant 
difference 
between the 
CSI and 
attention 
control groups 
at three months 
(p=0.14); 
effect size 
(Cohen’s 
d=1.9). 

Pilot RCT 
No long term 
outcomes 
Small sample 
size 
Electronic 
monitoring 
measure with 
good reliability 
and validity 

Abbreviations:  Continuous Self Improvement (CSI); Continuous Quality Improvement (CQI) 
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Table 2. CONSORT scoring (0=not documented; 0.5=partially documented; 1=documented) 

 
 
 
 

  Russell 

2010 

Matteson 

2011 

1 Title & abstract How participants were allocated to interventions (e.g. random allocation, randomized or 
randomly assigned) 

1 1 

  Introduction     

2 Background Scientific background and explanation of rationale 1 1 

  Methods     

3 Participants Eligibility criteria for participants and the settings and locations where the data were 
collected 

1 1 

4 Interventions Precise details of the interventions intended for each group and how and when they were 
actually administered 

1 1 

5 Objectives Specific objectives and hypotheses 0.5 1 

6 Outcomes Clearly defined primary and secondary outcome measures and, when applicable, any 
methods used to enhance the quality of measurements (e.g. Multiple observations, training of 
assessors) 

1 1 

7 Sample Size How sample size was determined and, when applicable, explanation of any interim analyses 
and stopping rules 

1 1 

  Randomization    

8 Sequence 
generation 

Method used to generate the random allocation sequence, including details of any restriction 
(e.g. blocking, stratification) 

1 1 

9 Allocation 
concealment 

Method used to implement the random allocation sequence (e.g. Numbered containers or 
central telephone), clarifying whether the sequence was concealed until interventions were 
assigned 

0 1 

10 Implementation Who generated the allocation sequence, who enrolled participants, and who assigned 
participants to their groups 

0.5 1 

11 Blinding 
(masking) 

Whether or not participants, those administrating the interventions, and those assessing the 
outcomes were blinded to group assignment. If done, how the success of blinding was 
evaluated 

1 1 

12 Statistical 
methods 

Statistical methods used to compare groups for primary outcome(s); methods for additional 
analyses, such as subgroup analyses and adjusted analyses. 

1 1 

  Results      

13 Participant flow Flow of participants through each stage (a diagram is strongly recommended). Specifically, 
for each group report the numbers of participants randomly assigned, receiving intended 
treatment, completing the study protocol, and analyzed for the primary outcome. Describe 
protocol deviations from study as planned, together with reasons. 

1 1 

14 Recruitment Dates defining the periods of recruitment and follow-up. 1 1 

15 Baseline data Baseline demographic and clinical characteristics of each group. 1 1 

16 Numbers 
analyzed 

Number of participants (denominator) in each group included in each analysis and whether 
the analysis was by intention to treat. State the results in absolute numbers when feasible 
(e.g. 10/20, not 50%) 

1 1 

17 Outcomes and 
estimation 

For each primary and secondary outcome, a summary of results for each group, and the 
estimated effect size and its precision (e.g. 95% confidence interval) 

1 1 

18 Ancillary 
analyses 

Address multiplicity by reporting any other analyses performed, including subgroup 
analyses and adjusted analyses, indicating those pre-specified and those exploratory. 

1 0 

19 Adverse events All important adverse events of side effects in each intervention group 0.5 1 

  Discussion     

20 Interpretation Interpretation of the results, taking into account study hypotheses, sources of potential bias 
or imprecision and the dangers associated with multiplicity of analyses and outcomes 

1 1 

21 Generalizability Generalizability (external validity) of the trial findings 1 1 

22 Overall evidence General interpretation of the results in the context of current evidence 1 1 

  Total score   19.5 21 
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4 Results 

4.1 Descriptions of studies  
Sample: Nine studies were eligible for inclusion (see Figure 2). The published studies ranged in date from 1993 to  
2011 [24, 44], with all but one published after the year 2000. Sample sizes ranged from 1 to 82 participants, whose ages 
ranged from 19 to 70 [2, 3, 23, 44]. Eight studies were performed in the United States and one in Norway [21]. Three of the nine 
studies were performed in academic settings with the aim of teaching quality improvement principles of CQI to  
students [2, 4, 21].  Six studies focused on healthy adults attempting to enhance personal lifestyle improvement such as 
studying, eating, exercise, work habits, and stress [2, 3, 4, 21, 23, 44]. In the remaining three studies focusing on chronically ill 
adults, CSI was utilized to augment kidney transplantation immunosuppression medication adherence [38], to decrease 
cardiac risk factors through weight loss [29], and enhance medication adherence in people with inflammatory bowel disease 
[25]. Data from included studies are reported in Table 1 (CSI Systematic Review of Included Studies).  

4.2 Design 
Three studies used a case study design [23, 3, 44], three a post-test design [4, 21, 29], one a post-test non-equivalent control group 
design [2], and two randomized controlled trial (RCT) design [38, 25]. STROBE criteria are utilized for manuscript report for 
non-experimental studies [46]; CONSORT scoring criteria are used for manuscript reporting for RCT’s [43]. Data for 
STROBE and CONSORT scoring were gathered from the studies by one reviewer (MM) and verified for accuracy by a 
second reviewer (CR); discrepancies were discussed and mutually agreed upon. Scoring of the STROBE and CONSORT 
criteria consisted of 0 (not documented), 0.5 (partially documented), or 1.0 (documented); lower scores indicate less 
documentation or methodological rigor [10]. Studies with CONSORT scores from 0 to 7 are classified as weak, 8 to 16 as 
moderately strong studies, and 17 to 22 as strong [10]. CONSORT scoring details are found in Table 2 and STROBE 
scoring details in Table 3. Reporting of the seven non-experimental studies ranged from weak to moderate (7.0-16.0 out of 
22) [2-4, 21, 23, 29, 44]. The study detail reporting was weak or less precise, implying weak methodological rigor. CONSORT 
scoring was performed on the two RCT’s meeting our study inclusion criteria, and the reporting was found to be strong 
(19.5 and 21 out of 22), indicating stronger methodological rigor [38, 25].  

4.3 Intervention concepts 
Use of the PDCA concepts within the nine studies varied slightly. Although eight studies used PDCA, three studies 
identified this process as PDSA (Plan-Do-Study-Act) [21, 23, 29]. The authors used Check interchangeably with Study. Bacon 
and Stewart (2001) used a six-step process for system change (set quality improvement goals, take actions to achieve 
goals, collect information using data, identify defects, analyze data, act to eliminate defects). Despite small differences, all 
aspects of the cycle were present in all of the studies. 

Plan involves identifying and analyzing the individual’s environmental system [11, 38]. All nine studies included this step, 
though one author used a slightly different description. Bacon and Stewart (2001) described the ‘Plan’ step as setting 
personal improvement goals to be accomplished in the projected time period followed by development of a tracking form 
to follow progress.  

The second step, Do, is the implementation of identified systems changes [11, 38]. Only eight studies clearly specified the 
‘Do’ step; but all nine studies utilized such a step. Bacon and Stewart (2001) describe the ‘Do’ step as taking actions to 
achieve goals set in the ‘Plan’ step. Taking action is similar to ’doing,’ performing or working on a task. ‘Check’ is the 
next step in the cycle and is. 

All nine studies used the Check step, which was where most of the subtle differences existed. The name of the step varied, 
with ‘Check’ specified by five investigations [2, 3, 25, 38, 44]; and ’Study’ by three [21, 23, 29]. Kyrkjebo and Hanestad  described 
‘Study’ as data analysis, comparing data to predictions, and summarizing what is learned, which is very similar to 
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Deming’s ’Check,’ which is examining and determining the state of the system [11, 38].  Bacon and Stewart (2001) defined 
this step as identifying defects, analyzing data, and identifying patterns of defects; similarly, Bacon and Stewart (2001) 
defined this step as examining the personal system data by checking or studying the system.  

Table 3.  STROBE scoring 
 Item  

No 

Recommendation Alemi 

(2000) 

Lundeen 

(2001) 

Alemi 

(2003) 

Bacon 

(2001) 

Scott 

(1993) 

Kyrkjebo 

(2003) 

Moore 

(2003) 

Title and 
abstract 

1 (a) Indicate the study’s design with a 
commonly used term in the title or the 

abstract 

0 0.5 0 0 0.5 0 0 

(b) Provide in the abstract an 
informative and balanced summary of 

what was done and what was found 

0 0.5 0 0 0 1 0 

Introduction        

Background 

/rationale 

2 Explain the scientific background and 

rationale for the investigation being 
reported 

1 1 1 1 1 1 1 

Objectives 3 State specific objectives, including any 
prespecified hypotheses 

1 1 0 0 1 1 0.5 

Study design 4 Present key elements of study design 
early in the paper 

0 0.5 0.5 0.5 0 0 0.5 

Setting 5 Describe the setting, locations, and 
relevant dates, including periods of 

recruitment, exposure, follow-up, and 
data collection 

0 1 0.5 0 1 1 0.5 

Participants 6 Case-control study—Give the 

eligibility criteria, and the sources and 
methods of case ascertainment and 

control selection. Give the rationale for 
the choice of cases and controls 

0 0.5 0.5 0.5 0 0 0.5 

        

Variables 7 Clearly define all outcomes, 
exposures, predictors, potential 

confounders, and effect modifiers. 
Give diagnostic criteria, if applicable 

0.5 1 0.5 0.5 1 1 0.5 

Data sources 
/measurement 

8*  For each variable of interest, give 
sources of data and details of methods 
of assessment (measurement). 

Describe comparability of assessment 
methods if there is more than one 

group 

0.5 1 1 0.5 --   1 0.5 

Bias 9 Describe any efforts to address 

potential sources of bias 

0.5 0.5 0.5 0.5 0 0.5 0.5 

Study size 10 Explain how the study size was arrived 

at 

0 0 0 0.5 0.5 1 1 

Quantitative 

variables 

11 Explain how quantitative variables 

were handled in the analyses. If 
applicable, describe which groupings 

were chosen and why 

0 1 0 0.5 0.5 1 0.5 

Statistical 

methods 

12 (a) Describe all statistical methods, 

including those used to control for 
confounding 

0 1 0 0.5 0.5 1 0.5 

(b) Describe any methods used to 
examine subgroups and interactions 

0 0 0 0 0 0 0 

(c) Explain how missing data were 
addressed 

0 0 0 0 0 0 0 

(d) Case-control study—If applicable, 
explain how matching of cases and 

controls was addressed 

0 0 0 0 0 0 0 

(e) Describe any sensitivity analyses 0 0 0 0 0 0 0 

                                                                                     Table 3 continued on page 19    
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Table 3. (Continued.) 
 Item  

No 

Recommendation Alemi 

(2000) 

Lundeen 

(2001) 

Alemi 

(2003) 

Bacon 

(2001) 

Scott 

(1993) 

Kyrkjebo 

(2003) 

Moore 

(2003) 

 
RESULTS 

Participants 

13* (a) Report numbers of individuals at 
each stage of study—e.g. numbers 

potentially eligible, examined for 
eligibility, confirmed eligible, included 

in the study, completing follow-up, and 
analyzed 

0 0 0 0 0 0 0 

  (b) Give reasons for non-participation 
at each stage 

0 0 0 0 0 0 0 

  (c) Consider use of a flow diagram 0 0 0 0 0 0 0 

Descriptive data 14* (a) Give characteristics of study 

participants (e.g. demographic, 
clinical, social) and information on 

exposures and potential confounders 

0 0 0 0 0 1 0 

  (b) Indicate number of participants 

with missing data for each variable of 
interest 

0 0 0 0 0 0 0 

Outcome data 15* Case-control study—Report numbers 
in each exposure category, or summary 

measures of exposure 

0.5 0.5 0 0.5 0 0.5 0 

Main results 16 (a) Give unadjusted estimates and, if 

applicable, confounder-adjusted 
estimates and their precision (e.g., 95% 

confidence interval). Make clear which 
confounders were adjusted for and why 

they were included 

0 0 0 0 0 0 0 

  (b) Report category boundaries when 

continuous variables were categorized 

0 0 0 0 0 1 0 

  (c) If relevant, consider translating 

estimates of relative risk into absolute 
risk for a meaningful time period 

0 0 0 0 0 0 0 

Other analyses 17 Report other analyses done—e.g. 
analyses of subgroups and interactions, 
and sensitivity analyses 

0 0 0 0 0 0 0 

Key results 18 Summarizes key results with reference 
to study objectives 

1 1 0.5 0.5 0.5 1 0.5 

Limitations 19 Discuss limitations of the study, taking 
into account sources of potential bias 

or imprecision. Discuss both direction 
and magnitude of any potential bias 

1 1 0.5 0 0.5 1 0.5 

Interpretation 20 Give a cautious overall interpretation 
of results considering objectives, 

limitations, multiplicity of analyses, 
results from similar studies, and other 

relevant evidence 

1 1 0.5 0.5 0.5 1 0.5 

Generalizability 21 Discuss the generalizability (external 

validity) of the study results 

1 1 1 1 0.5 1 0.5 

Funding 22 Give the source of funding and the role 

of the funders for the present study 
and, if applicable, for the original study 

on which the present article is based 

0 0 0 0 0 0 0 

 
 

Totals   8 14 7 7.5 10.5 16 8.5 

Note: STROBE Statement—checklist of items that should be included in reports of observational studies 

The final stage, Act, involves evaluating the effectiveness of the system change, determining whether to adopt the solution, 
abandon it, or reprocess the solution through the cycle again [11, 38]. All nine studies specified ‘Act’ as the cycle’s final part; 
Bacon and Stewart (2001) described ‘Act’ as understanding and eliminating defects and realizing goals. The remaining 
seven studies defined ‘Act’ as evaluating the change and determining effectiveness [11, 38]. 
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4.4 Methods guiding personal improvement 

Authors used various data collection tools within the ‘Check’ step of the PDCA cycle, including flow charts, fishbone 

diagrams, Pareto charts, histograms, and/or run charts. These varied tools facilitated visualization and analysis of data. A 

flow chart is a diagram of the system processes that shows how one event leads to another [1, 48]. A fishbone diagram is a 

fishbone-shaped cause-and-effect diagram used in brainstorming sessions to identify system factors influencing a behavior 
[48]. A Pareto chart is a common graphic tool that uses bars in descending order to represent individual values and a line in 

ascending order to represent the cumulative total value. Histograms use bars representing values over a discrete time 

period to identify behavior frequency; and a run chart displays data in sequence over time using dots and lines [48]. For 

example, Alemi and colleagues (2003) used the Pareto chart to examine a person’s poor eating behavior. Within the 

participant’s personal system, the Pareto chart prioritized leaving late from work as the major influence on junk food 

intake. With data from the Pareto chart, the participant changed his system changes by changing driving behavior. He 

participated in a carpool that left work daily at the same time. This personal system change was key to improving eating 

behaviors. In another example, two studies [25, 38] used the MEMS report which delineates colored dots for each day and 

time the MEMS is opened and a medication is presumed administered.   

Three studies utilized Alemi and Neuhauser’s 2006 CSI workbook, which marks the origin of the CSI movement [2, 21, 23]. 

The workbook guides personal system change problem solving to help the general public manage body weight. The 

workbook’s step-by-step personal system approach helps improve diet and exercise behaviors by training readers to study 

their personal systems using data collection tools such as routine analysis, flow charts, and PDCA cycles. Lundeen et al. 

(2001) utilized the workbook in addition to statistical modeling with regression to identify her personal system processes 

that could be improved to change her behavior and improve her symptoms.  

4.5 Intervention dose 
Five studies did not document the CSI intervention dose. Documented dose frequencies ranged from once [25], to  

monthly [38]. The duration of interventions ranged from four weeks [29] to six months [38]. One study documented a single 

CSI dose with a three month monitoring period [25]; none of the remaining studies documented long-term follow up or 

long-term outcomes.   

4.6 Measurement 
The change in the targeted behavior was the primary outcome evaluated in the included studies which included lifestyle 

changes, stress, weight loss, work habits, and medication adherence.  Seven studies measured the targeted behavior using 

self-report. The authors of the seven studies utilizing self-report did not report reliability or validity data of their self-report 

tools, which limits the interpretation and strength of the data. Objective and accurate data assesses the system, monitors 

success, and evaluates the intervention; therefore data accuracy is vital to the PDCA system.  Behaviors were measured 

using relapse documentation [3], the Roberts personal checklist [4], and 24-hour calorie counts and weekly weights [29]. The 

Roberts personal checklist was utilized by Bacon and Stewart to focus on “a goal-directed behavior,” which motivational 

theorists say can lead to behavior change (p. 72). The checklist assists in goal setting, identifying defects and specific 

variables to monitor defects [4]. 

The remaining two studies utilized electronic monitoring of medication-taking behavior (Medication Event Monitoring 

System [MEMS], Aprex Corp., Union City, CA, USA) [28] as the adherence outcome measure [25,38]. The MEMS uses a cap 

for medication bottles whose electronic chip measures the date and time of cap removal [28]. The cap has good reliability 

and has been used in over 500 studies [34]. The electronic monitoring is shown to have a failure rate below 0.5% and less 

than a 2% malfunction rate [13, 39]. 
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4.7 Results 

All nine CSI intervention studies demonstrated improved behavioral outcomes in their targeted samples. Improved 
outcomes included lifestyle changes, stress, weight loss, work habits, and medication adherence.  

Of the six studies dealing with lifestyle changes in healthy adults, three were performed with college students. Alemi et al. 
(2000) found that 83% of students reported a “measured or significant improvement” in their individual lifestyle projects 
(p. 84). Bacon and Stewart (2001) found a 50% improvement in students’ lifestyle behaviors, whereas Kyrkjebo and 
Hanestad (2003) found that 45% of nursing students showed an improvement in their lifestyle behaviors. The remaining 
three lifestyle studies in healthy adults dealt with stress, weight loss, and work habits. Lundeen et al. (2001) utilized PDCA 
to identify stress as the underlying problem with her symptoms of indigestion, food intolerance, back and abdominal pain, 
pounding heart, and inability to sleep. Alemi et al. (2003) found participating in a carpool led to decrease the amount of 
junk food ingested, which contributed to weight loss. Scott (1993) enhanced his productivity as a Quality Improvement 
(QI) manager by identifying situations in which his QI expertise was not needed. He decreased work group facilitation by 
58% and communication by 50% and so was able to concentrate his QI expertise where it was most useful.  

The three remaining studies were performed with chronically ill adults. Moore’s (2003) CSI intervention focused on 
individuals meeting a five-pound weight loss goal. All six participants met their goal and appreciated the feedback from 
the process improvement team. Russell et al.’s (2010) CSI intervention for adult kidney transplant adults showed a 
statistically significant improvement in immunosuppressant medication adherence between the CSI treatment and 
attention-control (p=0.0376) groups at six months; a large effect size (Cohen’s d=-1.38) was also found. A study by 
Matteson et al. (2011), a CSI intervention for inflammatory bowel disease adults, showed no statistically significant results 
(p=0.14) between the CSI and attention control groups at three months, but a very large effect size (Cohen’s d=1.9) was 
found. 

5 Discussion 
The purpose of this systematic review of literature was to investigate CSI intervention research across reports from healthy 
and chronically ill adults and to determine the potential for CSI as a health behavior change intervention. Our review of the 
nine studies from the last 17 years indicates that CSI shows promise as an intervention for changing health behavior 
outcomes based on the effect sizes of the two randomized controlled studies. These findings should be considered 
preliminary due to the studies’ methodological weaknesses.  

The strength of this review is that it addresses a gap in the behavior change intervention literature. Although CQI has been 
an effective process improvement tool for more than 60 years in business and healthcare [11], enhancing health behavior 
change may require a paradigm shift to apply CQI to personal system improvement. Data supporting the effectiveness of 
CSI are preliminary, but show promise as a health behavior change intervention, as evidenced by the large effect sizes 
found in the two RCT’s utilizing CSI. 

Interventionists could employ CSI to address numerous health behaviors needing change in the clinical setting. Numerous 
qualified interventionists may be available because most healthcare providers have participated in quality improvement 
(QI) projects in medical or nursing education or training [19, 22, 49]. Patient safety and QI are core concepts for practice and 
for involvement in institutional improvement plans [19, 22, 49]. With CSI mentorship, healthcare providers may be able to 
transition their QI experience into the clinical arena.  Whether addressing weight loss, smoking cessation or medication 
adherence, all of these health behaviors could be amenable to personal system changes through CSI, as evidenced by the 
recent pilot RCT utilizing CSI in the clinical arena. 
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This familiarity with continuous quality improvement tools such as PDCA across multiple disciplines and patients may 
help translate CSI from the organizational to the personal level. Several opportunities exist for learning about and using 
CSI. Alemi and Neuhauser (2006) published A Thinking Person's Weight Loss and Exercise Program to help lay persons 
apply CSI principles to their lives. University courses are available to students in the area of process improvement [16). 
Healthcare professionals familiar with CSI are testing its use to improve health behaviors. Nursing and Medical schools 
across the country have utilized CQI to improve students’ performance through practice-based learning, which applies 
these skills to practice settings.  

 Early indications are that patients become engaged in CSI and are capable of learning its techniques when taught by 
healthcare professionals [40]. Participants are able to understand the CSI process with the healthcare professional acting as 
the mentor or CSI coach when the participant finds a lack of improvement in their targeted behavior. Although 
participants’ age was absent in several reviewed articles, older adults who self-administer medications may benefit from 
CSI. For example, an older adult who self-administers medications may enhance medication taking behaviors through 
CSI; however, residents in assisted living facilities may have multiple people touching their system, potentially having less 
impact on the desired medication taking behaviors. 

Limitations of the reviewed studies include weak designs, small sample sizes, single center studies, limited dose and 
duration of the intervention, use of instruments with questionable reliability and validity, and lack of long-term outcomes. 
Methodologic quality was poor for most studies. Case study design, one of the weakest study designs, was used in three of 
the reports [32]. The STROBE scores of these studies were weak to moderate, indicating lower methodological and 
reporting rigor; whereas the CONSORT scoring of the two RCT’s was strong, reflecting the study’s methodological and 
reporting strengths.  

The second limitation of the reviewed studies is lack of statistical power. Since sample size affects studies’ statistical 
power, the effect intervention studies that are not fully powered may not be adequately tested or realized [32]. Though the 
study by Russell et al. (2010) was not powered to detect a difference between groups, the study did find a statistically 
significant difference between the groups, which supports the large effect size of the CSI personal improvement 
intervention. The study by Matteson et al. (2011) had a small sample size and was not adequately powered to find a 
statistically significant difference; however, the study found a large effect size. 

Third, the dose and duration of the interventions were brief, which may limit their effectiveness.  Doses and durations have 
been evaluated for only a few time periods. Future research should evaluate small and large doses and long and short 
durations to determine the right CSI combinations for the best outcome.  

Fourth, the instruments used to evaluate the outcomes could have been stronger.  To enable future meta-analysis of CSI 
studies, outcome measurement needs to be more consistent across studies. Medication adherence is an intermediate 
outcome; other outcomes influenced by medication adherence may be measured including biological, psychological, and 
social outcomes. For example, adherence outcomes for those with kidney transplant could include creatinine, acute and 
chronic rejection, kidney loss, and death [37].   

Despite these limitations, CSI shows promise as a behavior change intervention based on the nine studies reviewed.   
Russell et al. (2010) found the CSI intervention was effective immediately, which indicates that providers may be able to 
deliver it brief patient encounters. Matteson et al. (2011) found with a single dose of CSI delivered in the clinical setting 
had a very large effect size. 

Fourth, no long-term outcomes were documented in the nine reviewed studies. The longest follow-up time period was six 
months. The extent of human and financial resources needed to maintain the behavior is also unknown.  Finally, seven of 
the studies employed self-report instruments. Self-report depends on patients’ honesty and recall. If self-report data are 
gathered during interviews, then the interviewer’s skill also is a variable that can influence data validity and reliability.  
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Overall, the results of this systematic review of the CSI intervention research thus far have been trending in the direction of 
CSI effectiveness as evidenced by the two RCT’s large effect sizes.  Most nurses have been involved in CQI projects 
during their education or practice; therefore, nurses’ familiarity with organizational system change can be easily adapted 
and applied to patients’ personal systems. In inpatient or outpatient settings that include nursing practice, nurses could 
easily implemented CSI to affect health behavior change regarding medication adherence, weight management, and 
smoking cessation. With further experience and research, confidence in CSI as an intervention could continue to expand 
and evidence strengthened. 

6 Conclusion 
In conclusion, CQI has long been used successfully at the organizational level. During the past few years, researchers have 
investigated CSI as a health behavior change intervention for individuals. Although this review found that CSI may have 
promise as a behavior change intervention, the methodological quality of the reviewed studies is weak. More fully 
powered randomized controlled trials with diverse populations and long term follow-up are needed to further study the 
effectiveness of the CSI intervention.  
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