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Abstract: Workplace exercise programs are imperative for improving employee health and
wellbeing. Employee cognition and productivity can also benefit from such programs; however, the
practical application of interventions to influence these outcomes is poorly understood. This
research aimed to assess the suitability of a university Staff Fitness Program for improving employee
productivity and cognition. Forty-seven participants were included in the study, comprising 27 Staff
Fitness participants and 20 control group participants. A two (groups) x three (time-points)
between-subjects/within-subjects design was employed over 14 weeks, comprising ten weeks of
once-weekly exercise intervention for Staff Fitness participants. All participants completed the
Victoria Stroop Colour and Word Test and the Health and Work Questionnaire at each time-point,
to assess cognition and productivity, respectively. Participants also completed the International
Physical Activity Questionnaire (short form) at time-point one, three and during training weeks
(excluding week one) to measure physical activity. Appropriate T-tests and non-parametric
equivalents were used to assess group differences in outcome measures and across time-points.
There were no significant between group or longitudinal differences indicative of improved
productivity or cognition. The Staff Fitness group demonstrated a non-significant improvement (Z
=73.00, p =.055) in physical activity from time-point one (M =1540.93 MET-min-week, SD = 1083.74)
to three (M = 2077.32 MET-min-week, SD = 1401.48) with a large effect size (d = 0.97), while control
group physical activity significantly decreased (Z = 10.00, p = .013). The present Staff Fitness
Program benefited employees by improving physical activity, despite no improvements in
productivity or cognition. Future research should further explore the application of workplace
exercise programs and the manipulation of exercise parameters to show improvements in employee
productivity and cognition.

Keywords: cognition; productivity; employee health and wellbeing; exercise; workplace exercise
program

1. Introduction

In 2022, 5.5 million years of healthy life were lost in Australia from fatal and non-fatal burden of
disease, with 62% of this burden being comprised of five major disease groups including cancer,
musculoskeletal diseases, mental health conditions, neurological conditions and substance use
disorders [1]. Australian health is worsening, with two thirds of the adult population classified as
obese and 40% estimated to experience a mental disorder during their life [2]. Lifestyle behaviours
greatly contribute to this poor health, as modifiable risk factors account for one third of disability
adjusted life years (DALY’s) [2]. One modifiable risk factor is physical inactivity, yet currently 75%
of the population aged 18-64 do not meet the national aerobic and resistance training guidelines [3].
This physical inactivity epidemic requires novel solutions, one of which may include the integration
of exercise programs at work for improved accessibility and convenience. Such programs have
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demonstrated the ability to improve employee physical activity, cardiovascular and musculoskeletal
disease risk, respiratory function and body composition [4]. These programs are also proposed to
enhance cognition, an additional component of wellbeing [4,5]. Specifically, cognition is critical to all
voluntary actions, including occupational success and functional independence [6]. Our cognitive
abilities also mediate how we interact with the world and have been linked to psychosocial
functioning and the attainment of goals, which fosters a greater sense of life satisfaction [6,7].
Improved cognition and other associated benefits of exercise can also benefit workplace productivity
[6,8]. However, more research is needed to evaluate the relationship between exercise with
productivity and cognitive outcomes to optimise the implementation of workplace wellness
programs for employees and corporations [5,9].

Productivity describes the amount of work output by an individual or corporation, the loss of
which can be categorised as absenteeism or presenteeism [9]. Absenteeism is simple to measure and
describes lost productivity due to employees being absent from work [9]. Presenteeism can be
perceived as the loss of productivity where employees are present at work, but not fully productive
due to health problems or other events that might normally compel absence [10]. In this context,
exercise can reduce absenteeism and presenteeism by improving physical health [4,8]. Exercise can
also reduce presenteeism by increasing work capacity through cognitive and physical enhancement,
while additioanlly mitigating against wellbeing implications of the modern-day work environment
such as mental and emotional exhaustion [11,12]. Workplaces commonly seek to increase employee
physical activity through environmental modifications and incidental activity incentives, therefore,
improving productivity [8]. These interventions including sit to stand desks, step count challenges
and the introduction of exercise facilities, all have mixed productivity and physical activity outcomes
[10,13-19]. Intentional aerobic and resistance based exercise can also be incorporated into workplaces
through individaul and group exercise classes at home and in the workplace. These types of
interventions achieve mixed productivity and physical activity outcomes, but are more likely to have
positive effects compared to interventions targeting environmental modification and incidental
activity such as step count challenges [8,10,20]. Consistent parameters that improve the likelihood of
positive outcomes are unclear, due to the heterogeneity of exercise interventions [8]. However, longer
and multifaceted programs appear more successful than shorter and unidimensional ones [8,21].
Despite a lack of consensus surrounding best practice and less than half of implemented interventions
being successful, workplace exercise programs are still encouraged by governments and corporations
as a part of general occupational health promotion [10,22]. For this reason, it is critical to further
explore what types of exercise interventions are optimal in terms of employee health and wellbeing
outcomes, including cognition and productivity [10].

Improved employee cognition from exercise benefits individual and corporate wellbeing,
however, further research is also required to elucidate how this can be practically achieved [23].
Exercise can improve global cognitive abilities as well as narrow abilities in all demographics, which
are both important for overall wellbeing and job performance [6,7,24,25]. Specific narrow abilities
improved through exercise include inhibitory control, working memory and cognitive flexibility,
which all comprise ‘executive function’, a subset of capacities involved in the cognitive control of
behaviour [26]. Other narrow abilities, such as attention, are malleable with exercise as well, however,
those comprising executive function are most responsive [27,28]. Exercise can improve cognition
through acute and chronic increases in cerebral perfusion, which enhances the delivery of oxygen
and glucose to the brain [28-30]. Other acute and longitudinal neurophysiological changes include
increased P3 wave amplitude and decreased latency, diminished beta-amyloid accumulation and
increased homocysteine concentrations [31,32]. Exercise can also improve cognition through the
upregulation of hormones such as brain-derived neurotrophic factor (BDNF) and insulin growth
factor one (IGF-1), which increase neuroplastic processes such as synaptogenesis and long-term
potentiation [30,31]. These neuroplastic processes lead to long-term neuroanatomical adaptations
such as increased gray and white matter volume [30,31]. Cognitive improvement through neural
adaptation is evident via exercise [31]. However, the practical delivery of workplace exercise
intervention to fulfill this capacity is not well understood [23].
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Research demonstrates a precise dose-response relationship and minimal effective dose between
physical activity and cognitive adaptation for elderly individuals [25]. However, studies
investigating the impact of exercise on cognitive abilities in younger demographics, including
working adults, are scarce. This is because there is little motivation for researchers to examine
younger populations as they are at their lifetime peak of cognitive health [33]. Targeting cognition
with exercise in all age-groups is imperative, as cognitive decline begins at 20 years of age, with
memory function declining by 8% and executive function declining by 7% with each decade of age
onwards [34,35]. Additionally, with sedentary behaviour increasing and the importance of cognitive
function for work performance and general wellbeing, it is necessary to develop and identify suitable
intervention to improve cognitive functioning in all demographics [23]. Therefore, the purpose of this
study was to examine the impact of a university workplace exercise intervention on employee
productivity and cognition. It was hypothesised that the program would have a significant positive
effect on both productivity and cognitive outcomes.

2. Materials and Methods

2.1. Ethics and consent

This project received ethical approval by the Human Research Ethics Committee at the
University of Notre Dame Australia (UNDA), Fremantle, on 25/06/2019 (HREC number: 019014F). A
further ethics amendment was submitted to include various methodologies and approved on
01/02/2023. All participants were provided an information sheet and fully informed of the nature and
possible risks of procedures before providing written informed consent.

2.2. Participants

Forty-seven staff members volunteered to participate in this study from the UNDA, Fremantle
Campus. Twenty-seven participants took part in the Staff Fitness Program, while 20 participants
composed the control group. Staff Fitness sample size was limited due to the availablity of student
trainers (final-year Exercise & Sport Science students), and a maximum amount of volunteer control
participants were recruited. Exclusion criteria included changes to medications throughout the
intervention that may have interfered with cognition. Staff Fitness participants also completed the
ESSA Adult Pre-Exercise Screening system (APSS) [36] prior to training, and were excluded if not
medically fit to partake in exercise. Control participants weren’t required to complete the APSS as
they didn’t receive any exercise delivery from the Staff Fitness Program.

2.3. Study Design

The present study used a two (groups) x three (time-points) between-subjects/within-subjects
design, with a total duration of 14 weeks, comprising ten weeks of exercise intervention (Staff Fitness
participants only) and the completion of all testing procedures. A visual depiction of the experimental
design and timeline for this intervention is provided in Figure 1. Staff Fitness participants (n=27)
completed a once-weekly personalised and goal-oriented exercise training program, prescribed and
delivered by a final-year Exercise and Sport Science student trainer, within the UNDA Human
Performance Lab. While the volume of face-to-face exercise training was one hour per week, students
could prescribe independent exercise for participants to complete externally and generally promoted
the importance of physical activity to their staff participant. The student trainers were required to
prescribe exercise tailored to the unique fitness goals of each participant, with 20 participants
requesting to focus on health and wellbeing outcomes, and six participants requesting to focus on
performance outcomes. The control group (n=20) were instructed to maintain their typical exercise
and physical activity habits throughout the study period. To note, the Staff Fitness Program serves
as a formal teaching and learning program among the final-year Exercise and Sport Science student
cohort, with their exercise prescription and other professional qualities assessed in accordance with
Exercise and Sport Science Australia’s (ESSA) professional standards for accreditation [37].
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Figure 1. Structure and Timeline of the Staff Fitness Program. Each arrow represents a single week of
the program. IPAQ-SF (international physical activity Questionnaire), VSCWT (Victoria Stroop
Colour and Word Test) and the HWQ (Health and Work Questionnaire) where the testing metrics
used at respective time-points.

2.4. International Physical Activity Questionnaire — Short Form

The International Physical Activity Questionnare — Short Form (IPAQ-SF) was used to evaluate
physical activity behaviour across the study and was completed through the online survey platform
Qualtrics [38]. The IPAQ-SF is a valid and reliable (r = 0.66-0.88) measure of total activity, measured
through metabolic equivalent of tasks per week (MET-min-week) and hours spent sitting per week
(r = 0.71-0.95) [39]. Participants completed the IPAQ-SF during each training week (not including
week 1) as well as at time-points one and three, which totalled ten measurements throughout the
intervention.

2.5. Health and Work Questionnaire

The Health and Work Questionnaire (HWQ) was completed by participants via Qualtrics at
time-points one, two and three [38]. This questionnaire was used to measure subjective ratings of
workplace productivity via 30 questions on a 10 point Likert scale, that were grouped into subscales
[40]. The HWQ is validated against objective measures of workplace productivity and all subscales
demonstrate excellent internal consistency reliability («0.84-0.96), apart from the
‘irritability/impatience’ subscale which has adequate reliability (0.72) [40]. Averages were
calculated for the HWQ subscales: concentration/focus, impatience/irritability, supervisor
relationships, work satisfaction, non-work satisfaction, total productivity, supervisor perceived
productivity, self-rated productivity and overall score. A higher score is indicative of greater
performance in that subscale and therefore, greater productivity.

2.6. Victoria Stroop Colour and Word Test

The Victoria Stroop Colour and Word Test (VSCWT) is a common measure of executive function
and inhibitory control [41]. The VSCWT was selected due to its greater reliability for the dot, word
and colour sections (r =0.90, r = 0.83, r = 0.91) than the more popular Golden version (r=0.89, r=0.84,
r=0.73) [41-43]. The VSCWT is also preferable due to its shorter subsections, as shorter tasks have
been evidenced to be more successful at identifying individuals with poor cognitive function [44]. A
computerised version of the VSCWT [45] was administered through the Psychology Experiment
Building Language (PEBL), a free testing battery [46]. No settings were augmented and testing was
completed on a university laptop running Windows 10 [47]. This computerised version of the VSCWT
has been used in other studies and was selected due to its ability to measure reaction time more
accurately [48,49]. Participants completed one practice run of the VSCWT at each time-point, as
suggested in other studies to account for learning effects [50,51]. Numbers one to four on the number
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pad were used to respond to stimuli, with these keys coloured to mitigate against added cognitive
interference for participants. Participants were asked to refrain from consuming caffeine within 12
hours of testing, alcohol within 24 hours and to refrain from intentional exercise 48 hours prior to
testing.

The VSCWT consists of three parts, each with 24 stimuli, presented in Figure 2. Participants were
not permitted to move past a stimuli until it was answered correctly and the total time taken to
complete each stage alongside accuracy was recorded. The first stage of the VSCWT (Dot) involves
the presentation of coloured dots, requiring participants to respond to the ink colour of each stimuli
presented. The second stage of the test (Word) involves the presentation of common words in
coloured ink, where participants are once again required to respond to the ink colour of each stimuli
presented. The third stage (Colour) contains the names of colours printed in non-congruent ink. In
this stage, participants are required to respond to the ink colour of each stimuli and ignore the
semantic meaning of the word. Two interference scores are calculated to measure executive function
through the VSCWT by comparing the time taken to complete the stages with added cognitive
interference to the time taken to complete the simple ‘Dot’ task. The two interference scores are
calculated as below:

Word/Dot interference = Word (seconds)/Dot (seconds) 1)

Colour/Dot interference = Colour (seconds)/Dot (seconds) (2)

ON m—————

Figure 2. Stages of the Victoria Stroop Colour and Word Test, administered through PEBL. (a) part
one (Dot); (b) part two (Word); (c) part three (Colour). Augmented figure design from da Silva et al.
[52].

2.7. Confounding factors

Confounding factors including perceived hydration, hours fasted, hours of sleep, quality of
sleep, subjective health (illness), and medications, were measured prior to each cognitive testing
session through Qualtrics [38]. Subjective stress was also measured at each testing time-point via the
Perceived Stress Scale (PSS), which is a valid and reliable measure of stress (ICC >0.70) [53]. Violation
of exercise, caffeine and alcohol controls were also measured through qualtrics prior to cognitive
testing. Participant demographics including profession, age and gender were collected at the
beginning of the study.

2.8. Statistical analysis
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All measures were scored and recorded according to methodological instructions and then
entered into Microsoft Excel [54]. Missing data was excluded from analysis. Data cleaning and
checking was undertaken in Microsoft Excel before data was imported into IBM SPSS (version
28.0.1.0) for statistical analysis [55].

Data for outcome measures were described using means (M) and standard deviations (SD) while
participant characteristics and responses were described using frequencies (N). Scored measures
were assessed for normality using shapiro-wilks tests, skewness, kurtosis and normality plots.
Between group (control / intervention) differences were assessed using Independent T, Mann-
Whitney U, Chi-Square or Fishers exact tests as appropriate. Intragroup differences over time were
assessed using paired T and Wilcoxon Signed Rank Tests. Effect sizes were calculated for the IPAQ-
SF using an augmented Cohens d calculation from Hedges and Olkin [56] to account for differing
sample sizes. Effect sizes for the HWQ and VSCWT were calculated using the method from Morris
[57], which allows for the comparison of mean differences of unequal sample sizes within a pre-post
control design. Effect sizes were categorised as being small (< 0.2), moderate (< 0.50) or large (> 0.80)
for both methods.

Generalised estimating equations were used to explore differences in outcome measures for the
VSCWT and HWQ. The group of participants (control / intervention), test occasion and confounding
factors including profession, mean MET-min-week and the number of days between testing were
treated as fixed effects. Age was also included as a confounding factor for the VSCWT outcome
measures. Participant code was included as a repeated measure. Tests of model effects and statistical
significance were examined along with Bonferroni post hoc comparisons and parameter estimates.

3. Results

3.1. Participant characteristics

Three participants were excluded from the study due to changes in medication, therefore data
from 26 Staff Fitness participants and 18 control participants was used for statistical analysis. No
participants were excluded after completion of the APSS. Sample sizes differ between measurements
and time points due to illness, non-compliance and absence from work. Demographic details for Staff
Fitness and control participants are presented in Table 1.

Table 1. Demographic Details for Control and Test Participants.

Variable All participants (n = 44) Staff Fitness (n=26) Control (n =18)
Age 42.30 +11.68 43.12 +11.83 41.11 +11.69
Women: Men 24:20 17:9 7:11
Occupation

Casual/sessional academic staff 2 2 0

Full-time academic staff 9 2 7

Full-time professional staff 17 14 3

Part-time academic staff 11 5 6

Part-time professional staff 5 4 2

Note. Age presented as mean +/- standard deviations.

3.2. Confounding factors

There were no significant between group differences detected in age, or sex, however, there was
a significant difference for profession (p = .028), with more full-time professional staff in the Staff
Fitness group, and more full-time academics in the control group. Prior to cognitive testing, there
were no significant differences in the time of day tested, hours fasted, hours of sleep, quality of sleep,
perceived hydration, illness, stress or violation of alcohol, caffeine, and exercise controls. Staff Fitness
participants were tested later (M + 5.75 days, SD = 5.46, p=.020) at time-point three than control
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participants. This occurred due to the logistics of testing 47 participants and the necessary time to
complete the relevant procedures at a similar time of day to the other testing time-points.

3.3. International Physical Activity Questionnaire — Short Form

Results for the IPAQ-SF are presented in Table 2. The Staff Fitness group were significantly less
active (M = 1540.93 MET-min-week, SD = 1083.74) than the control group (M = 2368.80 MET-min-
week, SD = 1377.70) at time-point one (week one) (Z = 88.00, p = .039). The Staff Fitness group were
more active (M = 2077.32 MET-min-week, SD = 1401.48) than the control group (M = 1699.50 MET-
min-week, SD = 1359.31) at time-point three (week 13), with a non-significant between group
difference (Z = 88.00, p = .370) and small effect size (d = 0.27). Physical activity levels at time-point
three (M = 1699.50 MET-min-week, SD = 1359.31) were significantly lower than time-point one (M =
2368.80 MET-min-week, SD = 1377.70) for the control group (Z = 10.00, p = .013). The Staff Fitness
group showed a non-significant improvement with a large effect (d = 0.97) in physical activity from
time-point one (M = 1540.93 MET-min-week, SD = 1083.74) to three (M = 2077.32 MET-min-week, SD
=1401.48) (2 ="73.00, p = .055). Data for the IPAQ-SF is represented visually in Figure 3, which shows
the Staff Fitness group becoming more active from week seven of the study onwards. No significant
differences in time spent sitting per week were detected, nor any meaningful associated effect sizes.

Table 2. Physical Activity Levels Measured in Metabolic Equivalent of Tasks per Week (MET-min-
week) across weeks of the Staff Fitness Program.

Staff Fitness group (26) Control Group (18)

MET-min- N Mean SD N Mean SD Effect Size dcohen resp. gHedges
week
Week 1 20 1540.93* 1083.74 15 2368.80* 1377.70 -0.68
Week 4 25  2167.58 1180.41 14 264396 1601.89 -0.36
Week 5 22 2173.02 1433.30 13 2198.46 1418.88 -0.02
Week 6 20 1854.40 1069.78 15 1973.90 1335.54 -0.10
Week 7 20 1886.63 1177.34 15 1455.12 814.72 0.42
Week 9 19 2063.50 1452.80 11 1686.00 1107.13 0.28
Week 10 17  2292.82 1594.43 13 1319.27 1084.48 0.70
Week 11 15 1936.60 1010.11 14 1668.89 1384.36 0.22
Week 12 23 2194.83 1454.72 12 159250 1057.62 0.45
Week 13 17 2077.32 1401.48 15 1699.50 1359.31 0.27
Note. *Significant difference (p <.05). .
4000.0 Group
- Control
- Staff Fitness
30000
Q
3
=
E 2000.0
w
=
[
o
S 10000
0.0

1 4 5 6 7 9 10 131 12 13

Weeks

Figure 3. Mean MET-min-week Across Weeks of the Intervention. * Significant difference between
values (p <.05), Error bars: 95% CI.
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3.4. Health and Work Questionaire

Results for the HWQ are presented in Table 3. There was no significant difference at time-point
three between the Staff Fitness (M =7.14, SD = 0.88) and control group (M =7.18, SD =0.89) for overall
HWQ score (t(29) =0.109, p = .914). There was a small effect size (d = 0.08) from the start to the end of
the intervention for the Staff Fitness group in comparison to the control group. The control group did
experience a significant decrease in concentration/focus score from time-point one (M = 7.31, SD =
2.37) to two (M = 6.28, SD = 2.23) (Z = 16.00, p = 0.039) with a moderate effect size in comparison to
the Staff Fitness group (d = 0.55). No significant difference was detected between the Staff Fitness (M
= 6.92 , SD = 1.71) and control group (M = 6.61 , SD = 1.76) at the end of the intervention in
concentration and focus (Z = 146.00, p = .725). Concentration and focus increased more for the Staff
Fitness group with a small effect (d = 0.44) in comparison to the control group from time-point one to
three.

Mean subscale scores were higher midway through the intervention compared to baseline for
Staff Fitness participants, however these were not statistically significant and effect sizes small (d =
0.20-0.36). The exception was concentration/focus, which reported a moderate effect size (d = 0.55).

Table 3. Subscale and Total Outcomes for the Health and Work Questionnaire (HWQ) at the Start,
Middle and End of the Intervention.

Effect size dypc2 sensu

Staff Fitness Group (26) Control Group (18) Morris (2008)

Subscale Start (25) Mit‘;)"int End (20) Start (15) Mi‘:fs’;’i“t End (11) s;:j' nfit;thl-e Miﬂle'
Productivity 7(']?93; 7.09 +1.09 7;8; 75?: 6.85+121 63; f 008 018  -0.09
Supervisor perceived 7ff4i 7324145 75’511 7f§51 7.21+1.54 7f§; 003 020 -0.20
Self-rated 7;;; 6.95 +0.94 6(‘)?;’11 6f§’91 6.76+1.08 6(‘)6.’561 011 000  0.12
Concentration/Focus 6f888i 6.82+1.75 63511 7;’;71 6.28 +2.237 6f; : 044 055 012
Impatience/Irritability 7f§4i 8.03 + 1.51 75685 7f:4i 791+1.77 szs; 016 022  -043
Work satisfaction 652; 6.73+1.89 6f§; 6f§ f 622173 6fg; 019 032  -011
Non-work satisfaction 7352; 771+135 7ﬁ’; 733; 7.44+1.90 ng ; 030 017 -051
reslng);‘;l;?;s 7;56; 6.98 +2.91 7f’9721 Sf’;); 7.63+2.33 7;{’41 046 008 032
Total HWQ score Tf; 718 +0.97 7(‘;:81 7f’2211 6.89+1.18 7;:; 0.08 036  -030

Note. Data presented as mean + standard deviations. (n); * Significant difference (p <.05); 2 Significant difference
from start to mid-point (p <.05); b Significant difference from start to end (p <.05).

3.5. Victoria Stroop Colour and Word Test

The results for the VSCWT can be seen in Table 4. The control group had a significantly higher
Word/Dot interference score (M =1.10, SD = 0.11) than the Staff Fitness group (M =1.03, SD =0.11) at
time-point one (t(40) = 2.05, p = .047). However, at time-point three, no significant group difference
was detected (Z = 217.00, p = .774). The control group had a significant improvement in Word/Dot
interference score from time-point one (M = 1.10, SD = 0.11) to two (M =0.99, SD = 0.18) (Z =30.00, p
=.049), with a large effect size (d = 0.89) in comparison to the Staff Fitness group. However, this
improvement was non-significant from time-point one (M =1.10, SD = 0.11) to three (M = 1.03, SD =
0.14) (t(15) =1.88 , p = .080), with a moderate effect size (d = 0.71).
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Table 4. Victoria Stroop Colour and Word Test Scores at the Start, Middle and End of the

Intervention.
Eff i . Morri
Staff Fitness group (26) Control Group (18) ect size i;poi)gfnsu orrs
Variable
Mid-point Mid-point Start- Start- Middle-
Start (25) 25 End (24) Start (17) 16) End (16) end middle end
18.77 £ 4.63
Dot (seconds) 19.93+5.43 19.26 +3.96 b 19.51 £4.5322.28 +10.0419.78 +4.15 -0.28 -0.66 0.28
Accuracy (%) 9850+ 1.64 98.50+3.15 97.92 +4.0899.26 + 1.6497.40 + 3.36297.92 +3.40 0.46 1.11 -0.33
19.20 £4.1
Word (seconds) 20.26 +4.47 19.64 +4.29 ? 0b+ 821.42 +5.25 20.69 +3.35 20.16 +4.14  0.04 0.02 0.02
Accuracy (%)  99.00 £2.53 98.67 +2.88 98.96 +2.2298.53 + 2.53 97.92 +3.40 97.66 +4.56 0.32 0.11 0.16
Colour (seconds) 24.76 +11.96 23.02 + 8.41 23.43 +8.9623.58 + 6.33 23.07 +5.36 22.63 +5.17 -0.04 -0.12 0.11
Accuracy (%)  97.33+£5.63 98.00 £5.12 96.70 + 5.3598.77 + 2.45 98.44 +2.58 98.18 +3.72 -0.01 0.21 -0.24
Colour/Dot 1.23+0.27 1.18+0.24 124+0.22 1.21+0.13 1.10+£0.22 1.16+0.16 0.26 0.26 0.00
Word/Dot 1.03+£0.11* 1.02+0.12 1.04+0.11 1.10+£0.11* 0.99 £0.182 1.03+0.14 0.71 0.89 -0.13

Note. Scores presented as mean + standard deviations. Sample sizes are displayed as: (n). ‘Dot’, “‘Word” and
‘Colour’ are part 1, 2 and 3 of the VSCWT respectively. * Significant between group difference (p < 0.05); a
Significant difference from start to mid-point (p < 0.05); b Significant difference from start to end (p < 0.05).

No significant group differences in Colour/Dot interference score were detected at time-point
one (Z =188.00, p = .530) or three (t(38) = -1.231, p = .226) respectively. There was a non-significant
improvement for the control group with a small magnitude of effect (d = 0.26) in comparison to the
Staff Fitness group from time-point one (M = 1.21, SD = 0.13) to three (1.16, SD = 0.16) (t(15) = 1.28, p
=.220).

The Staff Fitness group experienced a significant improvement in time taken to complete the
‘Dot’ task from time-point one (M =19.93, SD = 5.43) to three (M =18.77, SD =4.63) (Z = 65.00, p =.026).
The Staff Fitness group also experienced a significant improvement in time taken to complete the
‘Word’ part of the test from time-point one (M = 20.26, SD = 4.47) to three (M =19.20, SD =4.18) (Z=
203.00, p =.048).

3.6. Longitudinal changes over time

Generalised estimating equations were explored to examine the changes in outcome measures
over time, between control and intervention groups while accounting for identified confounding
variables. Unfortunately, the large variability in IPAQ-SF scores and the relatively small sample size
did not allow convergence to a model solution. Hence, no results are able to be reported.

4. Discussion

This study evaluated the impact of the UNDA, Fremantle, Staff Fitness Program on employee
productivity and cognition. There were no statistically significant longitudinal or between group
differences indicative of improved performance for the Staff Fitness group. Therefore, these results
support the null hypothesis, that the intervention was ineffective at improving employee
productivity or cognition. Exercise can improve cognition through neurophysiological and
neuroanatomical adaptation [31]. Exercise can also benefit objective and subjective productivity by
improving employee health and work efficiency [8]. The absence of significant outcomes in this study
suggests that the Staff Fitness Program exercise parameters (frequency, intensity, type and time),
which included ten weeks of once-weekly, mixed modality, moderate to high-intensity exercise, were
insufficient [58]. Despite this, the Staff Fitness group started the intervention significantly less active
than the control group and experienced a non-significant improvement in physical activity from time-
point one to three, with a large effect size. Meanwhile, the control group experienced a significant
decrease in physical activity engagement. This finding suggests that the Staff Fitness Program may
mitigate against increasing sedentary behaviour in university staff across semester. This is significant,
as greater physical activity engagement is associated with improved employee health and wellbeing
[59,60]
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The lack of significant productivity outcomes from the Staff Fitness Program may suggest that
improvements in productivity from workplace exercise are dose-dependent. Combined modality
exercise programs, similar to the intervention in this study, can improve productivity outcomes [61-
64]. However, due to the heterogeneity in design and assessment of these interventions, there is no
guidance on the amount of exercise that should be delivered or any relevant parameters [8,10].
Studies with positive productivity outcomes involve a higher amount of exercise than implemented
in the Staff Fitness Program, with training incorporated on 2 to 4 days of the week from 9 weeks to a
year in duration [61-63]. Once-weekly intervention has shown significant improvements in
productivity over the course of a year [64]. Another study incorporating once-weekly exercise over a
six month period showed no significant outcomes, however, this program had poor compliance
(<50%) and was low intensity in nature [65]. This suggests that a minimal effective dose does exist to
yield exercise induced productivity improvements and that Staff Fitness Program parameters were
insufficient. However, results from Justesen et al. and Dalager et al. [61,64] who achieved significant
productivity improvements with the same weekly dose of exercise suggests that the Staff Fitness
Program may be suitable with augmentation. To emulate these results, spreading exercise across
multiple weekdays or increasing program duration may be required [61,64].

The lack of significant cognitive outcomes from the Staff Fitness Program may suggest that
improvements in cognition from workplace exercise are also dose-dependent. The Staff Fitness group
experienced a significant improvement in time taken to complete the ‘Dot” and “Word’ parts of the
VSCWT from time-point one to three. However, interference scores alone are typically used to assess
inhibitory control and executive function; which did not significantly improve across the intervention
[41]. Staff Fitness group performance in the ‘Dot task was also accompanied by a small effect size in
comparison to the control group, suggesting that improvements may be due to learning effects or
potential cognitive enhancement [41]. Finally, the significant improvement for the control group in
Word/Dot interference score from time-point one to two is thought to be attributed to the increase in
time taken to complete the ‘Dot’ task in relation to the Staff Fitness group. The only other study to
examine the impact of intentional exercise on workplace cognition incorporated a lower weekly dose
of exercise than the Staff Fitness Program [52]. This intervention by da Silva et al. [52] showed no
significant changes in executive function from a 3-month flexibility intervention, with participants
training for 10-15 minutes, three days of the week. In controlled environments, there is a lack of
research looking into the impact of exercise on cognition in middle-aged adults, which further
restricts the relevant contextualization of this study’s findings [33]. However, chronic exercise
induced cognitive improvement is evident in both young adult and elderly populations [33,66-68].
Older adults respond to minimalisitc intervention, similar to the Staff Fitness Program, whereas
young adults respond to intervention implemented 2 to 3 times a week for 8 weeks to 4 months
[33,66—68]. These results suggest that the exercise parameters of the Staff Fitness Program were
insufficient or too minimal to improve cognition, despite improvements in physical activity
engagement.

Findings from this study showed that Staff Fitness physical activity levels improved non-
significantly from time point one to three with a large effect size, while physical activity participation
decreased significantly for the control group. Improving physical activity engagement is an
important outcome of intervention, however, just over half of workplace wellness programs achieve
significant difference in comparison to a control group [69]. Increasing physical activity engagement
indicates improved quality of life and decreased risk of all-cause mortality [59,60]. Improvements in
IPAQ-SF scores are inversely correlated with adverse health outcomes such as obesity, mental illness
risk and blood pressure [70,71]. Greater physical activity has also been linked to better emotional
health and psychosocial functioning [60,72]. Therefore, this intervention can be seen to have a positive
impact on university staff by mitigating against increasing sedentary behaviour across semester,
despite no evident improvements in productivity or cognition.

The UNDA, Fremantle, Staff Fitness Program therefore potentially benefits employee wellbeing
and provides a workplace exercise intervention that addresses many common barriers for
corporations and participants, including return on investment and a ‘one size fits all’ approach to
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training [8,73,74]. This program also presents an initiative with the potential to be implemented for
free in all universities with a suitable Bachelor of Exercise and Sport Science (BESS) program. Results
from this study advocate for this implementation, as improvements in physical activity were evident.
The implementation of similar programs in other workplaces may require novel solutions, for
example, telehealth to connect staff with student trainers. Future research should look at further
modifying parameters of exercise to create interventions that can improve employee productivity
and cognition. Research should also seek to further the Staff Fitness Program design, due to its
applicability in most university settings and its evidenced success at improving employee physical
activity engagement.

It must be acknowledged that the results attained from this study are only generalisable to the
sample population, being middle aged university employees. There are also limitations to this study,
including the self-report nature of the HWQ and IPAQ-SF, which may have encouraged self-
reporting bias. Data analysis was also limited by the small sample size and large variability of various
outcome measures, which prevented the use of linear models to evaluate longitudinal change while
controlling for confounding factors. However, paired T and Wilcoxon signed rank tests were used to
evaluate longitudinal change and independent T and Mann Whitney tests were used to evaluate
between group differences at various time-points. During the intervention, there was an error in data
collection for the HWQ. Therefore, one question pertaining to peer-perceived productivity was
excluded, which resulted in the peer-perceived productivity subscale being excluded from further
data analysis. All other questions from the peer-perceived productivity subscale were included in the
total HWQ score but not the total productivity score. Finally, despite the practical benefit from the
individualised structure of the Staff Fitness program, the inability to standardise activity parameters
prevented the precise quantification of exercise and comparison to other interventions, thus
demonstrating a limitation.

5. Conclusion

The Staff Fitness Program had a positive impact on employees through increasing physical
activity levels, despite no improvements in productivity or cognition. This program provided a
unique and practical intervention opportunity, where free and individualised training could be
delivered to university staff across a semester. The individualised structure was a functional benefit
of the program. However, this design was also a weakness, as the non-standardised training
prevented the precise measurement and comparison of training parameters to other studies. Findings
suggest that improvements in productivity and cognition are dose-dependent and that a higher dose
of exercise than implemented in this intervention is required to see significant change in these
variables. Despite this, universities with BESS programs and other workplaces should look to
improve employee physical activity through implementing interventions similar to the Staff Fitness
Program. Future research should further manipulate intervention design and exercise parameters to
examine effects on employee productivity and cognition.
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