
Frontiers in Public Health 01 frontiersin.org

A longitudinal controlled signage 
intervention to increase stair use 
at university buildings: Process 
and impact evaluation using 
RE-AIM framework
Zaenal Muttaqien 1, Widya Wasityastuti 1, Meida Sofyana 1, 
Denny Agustiningsih 1 and Rakhmat Ari Wibowo 1,2*
1 Department of Physiology, Faculty of Medicine, Public Health, and Nursing, Universitas Gadjah Mada, 
Yogyakarta, Indonesia, 2 Physical Activity for Health Research Centre (PAHRC), Institute for Sport, 
Physical Education and Health Sciences, Moray House School of Education and Sport, University of 
Edinburgh, Edinburgh, United Kingdom

Introduction: Stair climbing intervention could be  suggested to address low 
occupational physical activity amongst university students and employees. Strong 
evidence showed the effectiveness of signage intervention in increasing stair 
use in public areas. However, evidence in worksite settings, including university 
settings, was inconclusive. This study aimed to evaluate the process and impact 
of a signage intervention to increase stair use at a university building using the 
RE-AIM framework.

Method: We conducted a non-randomised controlled pretest-posttest study 
to examine the effect of signage intervention placed in university buildings in 
Yogyakarta (Indonesia) between September 2019 and March 2020. The process 
of designing the signage involved the employees in the intervention building. 
The main outcome was the change in the proportion of stair use to elevator 
use measured by manual observations of video recordings from closed-circuit 
television. A linear mixed model examined the intervention effect by controlling 
the total visitor count as a confounder. RE-AIM framework was used in the process 
and impact evaluation.

Results: The change in the proportion of stair climbing from baseline to the 6th-
month phase at the intervention building (+0.067 (95% CI = 0.014–0.120)) was 
significantly higher than that of the control building. However, the signs did not 
change the proportion of the stair descending at the intervention building. The 
signs were potentially viewed 15,077–18,868 times/week by visitors.

Conclusion: Signage intervention using portable posters could easily be adopted, 
implemented, and maintained in similar settings. A co-produced low-cost 
signage intervention was found to have a good reach, effectiveness, adoption, 
implementation, and maintenance dimension.
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1. Introduction

Several studies showed that office workers and university students 
were at health risk due to the high occupational sitting time and low 
occupational physical activity (PA) (1–4). Stair climbing, which was 
categorised as vigorous PA, has been associated with health benefits 
amongst both healthy individuals and also individuals with health 
conditions, including improvements in aerobic capacity, blood 
pressure, lipid profiles, body composition, mood states, cognitive 
performance, and reduced risk of several non-communicable diseases 
and mortality (5–13). Thus, an intervention that motivates stair 
climbing in university settings could be  suggested to increase 
occupational PA to improve office workers’ and students’ health.

Several systematic reviews reported that motivational signage 
posted near stairs and elevators could increase stair use in public areas 
(14–16). However, the effectiveness of stair use intervention in 
worksite buildings was not consistent, particularly in university-based 
settings (14, 17–20). In addition, contemporary phenomena could 
interfere with the effect since there was no control group in previous 
university building studies (19, 20). Most of the available studies on 
the effectiveness of signage also had weak internal validity and lacked 
external validity reporting (14–20).

Our study aimed to examine the effectiveness of motivational 
signage using a specific message on stair use and to report its process 
evaluation using the RE-AIM (Reach, Effectiveness, Adoption, 
Implementation, and Maintenance) Framework to improve its 
external validity and to inform future trials (21). We examined the 
outcome in an identical building as a control to minimise the bias 
from contemporaneous phenomenons. Objective measurement using 
video recording by two independent observers blinded to the 
intervention status was employed to reduce measurement bias and 
Hawthorne effects.

2. Methods

A longitudinal non-randomised controlled quasi-experimental 
study was conducted to assess the change in stair use for stair climbing 
or descending as an effect of point-of-decision motivational signage 
(Figure 1). The study was retrospectively registered at thaiclinicaltrials.
org (TCTR20220804005) and was ethically approved by the Medical 
and Health Research Ethics Committee Faculty of Medicine, Public 
Health, and Nursing Universitas Gadjah Mada (Ref No: KE/FK/0973/
EC). This pragmatic trial was reported in line with the Consolidated 

Standards of Reporting Trials (CONSORT) statements for pragmatic, 
pilot, and feasibility trials (22, 23). This study consisted of 1-week 
pre-intervention data collection to measure the baseline stair use and 
elevator use, followed by 6 months period of intervention monitoring 
(October 2019–March 2020). The second monitoring phase was 
conducted in the last week of the 3rd month, and the third phase was 
conducted in the last week of the 6th month.

2.1. Sample

This study was conducted in two university buildings in 
Universitas Gadjah Mada, Yogyakarta, Indonesia. They were located 
260 m apart in two different faculties in the health science cluster. 
Employees and students rarely moved from one building to another, 
which could minimise the risk of contamination bias. In both 
faculties, a health promotion initiative called the Health-Promoting 
University (HPU) has been running since July 2019. The same team 
supervised health promotion programs at the two sites. They targeted 
the same fields of intervention, including health literacy, physical 
activity, nutrition, mental health, zero tolerance for smoking, alcohol 
consumption, and illicit drug use, zero tolerance for violence, 
bullying, and sexual harassment, and safe buildings and 
healthy environments.

In choosing the intervention and control buildings, the 
following characteristics were sought: (1) Two buildings with an 
almost similar number of occupants, (2) Two buildings with almost 
similar staircase and elevator design and placement, as well as the 
numbers of the stories (Table 1). We did not randomly assign the 
status of the intervention and control building because there was 
already an A6 motivational sticker installed just above the elevator 
for 3 months.

2.2. Measures

Manual observations from video recordings of closed-circuit 
television (CCTV) were independently conducted from Monday to 
Friday in each phase by two observers blinded to the intervention 
status. Therefore, visitors were not aware of being observed. The 
speed of the video recordings was accelerated two times to reduce 
observers’ burden, and the resolution was lowered to protect visitors’ 
privacy. In addition to counting the visitor journey, whether entering 
the lift, exiting the lift, climbing the stairs, or descending the stairs, 

Intervention
building

Pre-intervention
observation
(Last week of
September 2019)

Poster installation (October 2019 to March 2020)

2nd observation

(Last week of
December 2019

3rd observation

(Last week of
March 2020Control

building

FIGURE 1

Study flow.
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observers also took note of the incidence of stair accidents. The two 
observers statistically significantly agreed in their counts (W = 0.998, 
p < 0.001). The daily observations in workdays per 2-h time slot 
(07.00–09.00, 09.00–11.00, 11.00–13.00, 13.00–15.00, 15.00–17.00) 
were written down in a spreadsheet at all locations. The proportion 
of stair use per time slot was calculated by dividing the number of 
people taking the stair from the ground floor by the number of people 
entering the elevator as a proportion of stair climbing and by dividing 
the number of people taking the stair to the ground floor by the 
number of people leaving the elevator as a proportion of 
stair descending.

2.3. Analysis

The total ascending journey from the ground floor and descending 
journey to the ground floor were reported and grouped by the use of 
a staircase or elevator. Mann–Whitney U-tests were conducted to 
examine the baseline proportion of stair climbing and stair descending 
per time slot between intervention and control building. The 
intervention effects as a mean change per time slot in the intervention 
building compared to the control building were examined using linear 
mixed models (24). Building (intervention, control) and period (1–3, 
corresponding to the baseline period, 3rd-month phase, and 
6th-month phase) and total visitors per 2-h time slot as covariates 
were included in the models as fixed effects. Interaction terms between 
building and period variables were added (effects at the intervention 
site compared to the control site for all three study periods). Results 
are reported as differences in mean absolute change with the 95% 
confidence interval (CI). Analyses were performed with SPSS 
version 25.

2.4. Process and impact evaluation

We performed process evaluation using RE-AIM (Reach, 
Effectiveness, Adoption, Implementation, and Maintenance) 
Framework (21). Reach was the total number of visitors counted over 
time during the study period. Effectiveness was measured by the 
effects of the intervention on the change of stair use proportion from 
baseline in the intervention building compared to the change in the 
control building. Adoption was described as the participation of 
employees in the intervention building in defining and implementing 
the signage and barriers to participation. The implementation 
dimension was examined based on the extent to which the 
intervention was delivered as intended. The maintenance dimension 
was how stair-use interventions were sustained at the intervention 
building over time. The head of the HPU unit and the dean are two 
stakeholders in the intervention building who will adopt, implement 
and maintain the intervention. Therefore, the adoption, 
implementation, and maintenance dimension were evaluated based 
on an informal interview with the employees using guided questions 
adopted from a previous study (25). The interview consisted of 
questions asking how the stakeholders describe the implementation 
of the lift signages placement, the main barriers during the placement, 
any difference in intervention delivery from those suggested by the 
researchers team, as well as their plan at the end of the study period. 
Informal opinions from the HPU unit from the other faculties were 
also captured during the dissemination of the intervention at the end 
of the study period through an internal social media group.

2.5. Intervention and the co-production 
stage

We used a co-production approach by involving employees at the 
end of the value chain to get the optimal benefits of a collaborative 
approach whilst minimising resource constraints (26). A survey was 
sent to the employees in the intervention building to pre-test the 
motivational messages. Three specific messages were pre-developed 
since they provided better effectiveness than general messages (20). 
Open-ended questions were asked for their opinions and feedback on 
the messages and designs. Six of ninety employees provided answers 
and returned the letter. Thematic analysis from employees’ opinions 
and feedback was described (Table 2). The health-related message was 
chosen since no negative theme arose from this message. Therefore, 
two portable posters of 1.6 × 0.9 m containing a health-related message 
and a picture representing an employee climbing the stairs were placed 
next to the staircase and the elevator on the ground floor of the 
intervention building (Figure 2).

3. Results

3.1. Reach and effectiveness of intervention

A total of 93,000 counts from 75 observations resulting from five 
sessions per day for 5 days during three periods were analysed. There 
were 28,823 staircases and 64,177 elevator uses on the ground floor of 
two observed buildings, and no stair accidents occurred. The total 
visitor counts at the 3rd-month phase were lower than the baseline 

TABLE 1 Characteristics of the buildings and posters.

Control site Intervention site

Number of employees 65 90

Type of employees’ 

activities

Laboratory employees 30 of them are administration 

employees, and the rest are 

laboratory employees

Number of students 894 902

Type of students’ 

activities

Laboratory works Laboratory works

Number of floors 6 5

Stair and elevator 

location

Centrally located 

circular stair with a 

central elevator in a 

large atrium and an 

elevator at the opposite 

side

Centrally located circular 

stair with a central elevator in 

a large atrium and an elevator 

at the opposite side

Stair landing 2 3

Lift capacity 13 persons 11 persons

Number of lift 2 2

Poster location – Placed both next to elevators 

and also to stairs

Poster size 1.6 × 0.9 m
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and 6th-month phases at both buildings (Table 3). In the intervention 
building, the stair posters have the potential to be  viewed 15,077 
times/week in the 3rd-month phase and 18,868 times/week in the 
6th-month phase.

The stair climbing rate per time slot from the ground floor in the 
intervention building during the baseline phase was higher than that 
in the control building (p < 0.001), with an unadjusted median of 0.408 

(0.12–1.03) and 0.224 (0.03–0.52), respectively. In the 3rd month 
phase, there were decreases in the stair climbing rate per time slot in 
both buildings, but there was no significant difference in the change 
between the two buildings. In the 6th month phase, the stair climbing 
rate per time slot in the intervention building significantly increased 
by +0.067 but no change in the control building (Table  4). Total 
visitors during the 2-h time slot had an estimated effect of 0.0003 (95% 
CI 0.0001–0.0004, p < 0.001) on the proportion of stair climbing per 
time slot.

There was a significant difference (p < 0.001) between the stair 
descending rate to the ground floor per time slot in the intervention 
building (median = 0.721, 0.32–1.24) and the control building 
(median = 0.474, 0.12–1.50) during the baseline phase. There were 
decreases in descending stair proportion per time slot at the 
3rd-month phase and returned to the baseline at the 6th-month phase 
in both intervention and control buildings. There was no significant 
difference in the changes between those two buildings (Table 5). Total 
visitors during the 2-h time did not have a significant estimated effect 
on the proportion of stair descending per time slot (p = 0.312).

3.2. Adoption

Two faculty employees participated in the design and 
implementation of the stair-use intervention. The implementation of 
the intervention was described as easy. They found that the stair 
posters could be easily installed at the point of choice and moved to 
another place if other posters need to be placed in the same location 
since the motivational prompts were portable standing posters.

3.3. Implementation

Employees could easily implement the recommended strategy 
from the research team to introduce the posters at the point of choice 

TABLE 2 Employees’ opinions on motivational texts.

Message 
type

Motivational 
text

Positive 
theme

Negative 
theme

Health-related 

message

Do you want to 

maintain health but 

do not have time to 

exercise? Climb 4 

floors a day, and 

you get a 40% 

reduction in stroke 

risk

Take the stairs!

(In Bahasa Indonesia: 

Pingin Jaga 

Kesehatan, Tapi 

Nggak Sempat 

Olahraga? Naik 

Tangga 4 Lantai 

Sehari, 40% Risiko 

Stroke Terkurangi 

Naik Tangga Yuk!)

Motivating, 

Enhancing 

health 

awareness

Weight-related 

message

Do you want to 

maintain weight but 

do not have time to 

exercise? Every time 

you climb 1 Floor, 

you burn 2.5 Calories.

Take the stairs!

(In Bahasa Indonesia: 

Pingin Jaga Berat 

Badan, Tapi Nggak 

Sempat Olahraga? 

Naik Tangga 1 Lantai, 

Bakar 2.5 Kalori Naik 

Tangga Yuk!)

Motivating, 

Easy physical 

activity

Unimportant

Time pressure Are you waiting in 

line for the elevator 

and afraid to be late? 

It only takes 15 s to go 

up 1 floor by stairs.

Take the stairs!

(In Bahasa Indonesia: 

Antri Naik Lift, Tapi 

Keburu Terlambat? 

Hanya Butuh 15 Detik 

Untuk Naik 1 Lantai 

Dengan Tangga Naik 

Tangga Yuk!)

Motivating Unimportant, 

Fear of sweaty

FIGURE 2

Placement and design of the poster.
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without changing the strategy. The intervention cost was 450,000 IDR 
for each poster and was paid by the research team’s funding. Employees 
in the intervention building considered the intervention’s 
cost affordable.

3.4. Maintenance

The two stair posters were maintained after the end of the study. 
Considering the easy-deliver and low cost of the intervention, the 
employees in the intervention building planned two additional 
intervention phases to test the effect of different new posters with 
different messages designed by involving students’ opinions and 
improving the stairwell’s aesthetic by installing colourful stair 
stickers. Informal opinions from the HPU units from the other 
faculties suggested that the intervention will be  implemented in 
their faculties.

4. Discussion

We described the process of designing the stair-use intervention 
and evaluating the intervention using the RE-AIM framework (21). A 
low-cost motivational prompt significantly increased the stair 
climbing rate at the intervention site by 6.7% during the 6th-month 
intervention phase. Still, it did not affect the stair use in the 3rd month 
and the stair descending rate during the whole study period. In 
contrast, the stair rate at the control site remained similar to 
the baseline.

The 6.7% increase in stair climbing in our study was higher 
than a previous systematic review reported, which showed a 
median increase of 0.8% with a motivational sign only (15). Our 
results (6.7% increase in stair climbing) almost reached the 
increase in stair climbing in intervention involving a combination 
of motivational and directional signs, which were reported to 
increase stair climbing by 8.1% within a worksite setting (15). Our 
study is also in line with a previous study that reported that the 
changes in stair climbing could only be observed in the second 
phase (25). However, the decrease in stair climbing proportion in 
the first phase of our study might be caused by the decrease in 
total visitors during this period since people were more likely to 
choose the elevator in the less busy period (27–29). In comparison, 
previous studies required additional interventions in the second 
phase, such as improving the aesthetic of the stair or installing 
music (18, 30, 31). Our study’s increase in stair climbing could 
be observed without additional intervention. Therefore, we could 
identify that the positive influence on the stair climbing rate 
resulted from the repetition of prompts, which might be necessary 
to create sustainable habits in choosing the stair rather than the 
elevators. The stronger influence of motivational signs in our 
study could be attributed to the specific type of message, poster 
size, and the effect of co-production in designing the specific 
messages in the motivational sign (20, 32–34). Therefore, 
co-designing the intervention by involving the occupants of the 
buildings in designing large-size posters with specific messages 
since the early phase of intervention development could 
be suggested to improve the effectiveness as an alternative to using 
multiple intervention components.

TABLE 3 Stair and elevator use.

Baseline 3rd month 6th month

Ascending Descending Ascending Descending Ascending Descending

Control 

Building

Stair 1,644 2,565 631 1,138 1,655 2,524

Elevator 5,963 4,674 4,764 4,182 5,940 4,728

Total 7,607 7,239 5,395 5,320 7,595 7,252

Stair use 

proportion

0.216 0.549 0.117 0.214 0.218 0.348

Total journey 14,846 10,815 14,847

Intervention 

Building

Stair 2,984 4,035 1811 2,549 3,178 4,110

Elevator 6,412 5,310 5,753 4,964 6,252 5,238

Total 9,396 9,345 7,564 7,513 9,430 9,348

Stair use 

proportion

0.318 0.432 0.239 0.339 0.337 0.440

Total journey 18,741 15,077 18,868

TABLE 4 Change in the proportion of stair use to elevator use from the ground floor (stair climbing rate) per time slot.

Intervention Control Intervention effect p* p**
Baseline

3rd month −0.170 (−0.224 to −0.117) −0.103 (−0.162 to −0.043) −0.001 (−0.063 to 0.061) 0.975

6th month 0.067 (0.014 to 0.120) 0.002 (−0.047 to 0.050) 0.065 (0.005 to 0.125) 0.033 0.049

*Effect of building.
**Effect of period.
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Our study also found that employees easily adopted portable stair 
posters. This sign might solve overcoming adoption barriers reported 
by a previous study (25). Portable signage could still be located in the 
visible section of the building without interfering with the needs of 
corporate communications (25). Therefore, the placement of the stair 
posters could also be overtime during the study period.

Our study had several strengths. It employed a controlled design 
with two identical buildings and objective monitoring with less burden 
of observers, less observer bias, and less contamination bias. In 
addition, we also controlled total visitors as a confounder (20, 30, 32, 
35, 36). However, there were several limitations of this study. Using 
double speed and reduced video recording resolution, our observers 
could not identify visitors’ characteristics, including gender, age, and 
whether visitors were students or employees. Previous studies found 
that gender, age, and status of visitors (students or employees) could 
influence the signage effect (29, 31, 36, 37). Therefore, future studies 
should consider controlling these confoundings. The difference in the 
number of floors, lift capacity, and the stair landing between the two 
buildings might also influence the visitors’ decision in choosing the 
stair for their journey, which could be examined in future studies. 
Whilst the number of flights was associated with health outcomes (10), 
the nature of the CCTV monitoring also did not allow for monitoring 
the number of flights the visitor took. We  also examined the 
implementation process based on informal interviews and opinions, 
which could produce more naturalistic data but could be prone to bias 
and unreliable data (38). More rigorous mixed-method studies with a 
more representative sample involved in the development process of the 
intervention should also be considered in future process and impact 
evaluation studies. In addition, the effects of the intervention on 
individual or population health outcomes were also important to 
be examined in future studies.

5. Conclusion

Our study strengthens previous works on the usefulness of 
low-cost stair-use interventions at worksites using signage. Based on 
process evaluation using the RE-AIM framework, co-producing the 
intervention with employees was associated with the intervention’s 
effectiveness, adoption, and implementation. Effects of intervention 
on stair use amongst various genders, ages, and statuses of visitors, as 
well as effects on health outcomes, need to be  elucidated in 
future studies.
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