IE 538  Study # 3: Physical Task Evaluation

Objective

To measure the interaction between an operator and a manual materials handling task using a variety of indications of person/task fit.

Rationale

In many industries the main use of ergonomics/human factors is for the reduction of musculo-skeletal injuries at work.  Two characteristics of such injuries are that they are that they are associated with heavy loads on the musculo-skeletal system and with repetitive loading which accumulates over time.  In this lab we will study the biomechanics of one major cause of injuries, repetitive manual materials handling (MMH). Because there are many human subsystems involved in MMH tasks, there are many ways of measuring the human/task interaction.  We will consider biomechanical, psychophysical and perhaps physiological measures in this lab.  The journals Ergonomics and Human Factors have many papers on this subject, usually starting with the latest injury statistics as justification.  

Methodology

This lab is performed in cooperation with the Physical Therapy and Exercise Science department who have programs for performing the biomechanical measurements.  The IE department also has software for this purpose.

The task is to lift two weights of box (2kg and 12kg) between shelves at two levels:

Floor and 0.60m

Floor and 1.20m

We have an adjustable height table in Bell 427.  Each participant performs each task under two conditions:

Box without handles

Box with handles

In fact we use the same box and just ignore the handles for the first condition.  You will need to access the literature on handles for MMH to understand their potential effects.

Each task is videotaped for each participant for 15 cycles, once every 12 s for 3 minutes (how should we order the trials for each participant?). The participant has markers placed on the center of the back of the hand, the elbow joint, the shoulder joint and the hip joint.  After each lift, the experimenter lowers the box to its starting point (why not the participant?).  At the end of each task the participant rates overall exertion on the RPE scale and body part discomfort on the BPD scale.  The videotape is taken from the side to give a sagittal plane view of the lifting.

Analysis

The videotapes are sampled three times for each task: near the start (cycle 3), near the middle (cycle 8), and near the end (cycle 12).  Each of these lifts is analyzed to find the following body angles at both the start and end of each lift, defined as the points at which the participant gains and relinquishes control of the box:

Back angle to vertical

Upper arm angle to vertical

Lower arm angle to vertical

Note that these latter will need to be found from both left and right sides if the arms are not used symmetrically.

From these angular data, a simple two-dimensional biomechanical model (University of Michigan 2D Static Strength Model) is used to find the compressive force on the L5/S1 disc (why this one). Look at this program and the NIOSH formula program (MMH.EXE) before you do the experiment to make sure you have all the data you will need.

To summarize the data sets: 

1. For each task the following data are collected at the end:  RPE, Body Part Discomfort (how do you analyze this?), the recovery pulse sum if taken, and NIOSH Recommended Maximum Weight.  

2. For each of the lifts, the compressive force on the L5/S1 disc is available for analysis.

The ANOVA model for the once-per-task variables is k Participants x 2 Weights x 2 Tasks x 2 Handle conditions, with no replications.   The ANOVA model for the compressive force on the L5/S1 disc is k Participants x 2 Weights x 2 Tasks x 2 Handle conditions x 2 Postures (Start and End of lift) with 3 replications.

Interpretation

Some of the interpretations you need to consider are:

1.  What are typical task postures?  Are they consistent within each task?

2.  Which factors affect which aspects of human/system fit in this task?

3.  Can we really use psychophysical measures for multiple, short tasks?

4.  How does the NIOSH Lifting Guide correlate with other measures?  Does this help validate the NIOSH formula?

5.  Do handles help, hurt, or both?

6. Should the task have been scaled to the participant, e.g. by using waist and shoulder heights?

7.  How relevant is such an experiment to industrial practice?

