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Abstract

For seven years, The University of Alabama s College of Engineering has presented
incoming freshmen with the opportunity to participate in a non+traditiona first year program
cdled TIDE (Teaming, Integration, and Design in Engineering). Components of TIDE that
differ from the traditiond first year program are cohort grouping, cooperative learning, team
design projects, and an emphasis on written and ora communication. Student record data
indicates that the program has improved retention in the engineering program but has had
minimd effect on achievement. Anecdotd evidence from follow-on teachers, however, suggests
that the TIDE program may have soft skill carry-over effects. Upper-class engineering sudents
who participated in the TIDE program may exhibit more confidence, better communication skills
and greater team skills than thalr traditiond program counterparts.

To tet this hypothesi's, engineering faculty who teach downstream design courses that
rely heavily on student soft skills were asked to rate past students on a variety of dimensions.
Each rater was presented with alist of their past students matched on high school GPA and
ACT/SAT scores. These students were not identified to the raters as either TIDE or traditional
gudents. Ratings for each skill were completed on a rubric-style scae designed to ensure
congstency of rating meaning across raters. All data was collected during the 2000-01 academic
year. A discusson of the andlysis and implications will be presented.

I ntroduction

Theimportance of non-technical “soft” skillsin the engineering workplace iswell
documented. Evanset. d.* surveyed 737 enginearing dumni on the relative importance of 10
attributes of engineering graduates, and on the perceived competency of recent engineering
graduates with respect to each attribute. Summarizing the results, the authors sate, “Thisis
indicative of the mounting evidence that employers, especidly those that have joined the qudity
revolution, are desperate for people who do not have to learn on the job how to fit into a team+
centered culture where communication, interpersond skills, and professondism, are as
important as technica skills”

Lonsdale et. a? have developed a capstone design course that develops soft aswell as
technicd skills. Results of asurvey of 410 engineering dumni showed the greatest discrepancy
between the importance of a skill and the preparation they received in college wasin
communication skills and team skills. The authors also quote a report on surveys of engineering
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deans and engineering employers®, “eight out of ten industry respondents place a high value on
the importance of teamwork in engineering while only one in four fet new graduates were well-
prepared in this area.”

In an address to the 1993 ASEE Centennia Conference, Kent Black®, CEO of Rockwell
Internationa, provided comments on an industry view of engineering education. He points out
that American companies are facing sill competition from globa companies that “vaue flexible
teams with multi-talented members, and have little use for multiple tiers of management.” He
also states, “For engineers, what' s technically possible isno longer key. They are now members
of product teams, using quality function deployment to match customer desiresto possible
designs. They participate in cross-functiond teamwork and life long learning.”

Downing® andyzed surveys from 188 engineering dumni on the importance of specific
non-technical skills, possible curricular changes to better prepare students in those skills, and
preferred methods of improving those skillson the job.  He found that dumni considered
listening, decision making, problem solving, verba communication and time management to be
the most important kills to function effectively in team-based work environments.

And firdlly, Lewis et a® present amethod for assessing the acquisition of team skillson
student teams. They point out that while many engineering educators give team assgnments,
“Often missing is a systematic focus on hel ping students acquire team competence. Rarer Hill
are sysematic attempts to evauate student learning of teaming skills and competencies.”

Overview of TIDE Program

The TIDE freshmantengineering program grew out of a prototype freshman program
developed as part of the NSF-sponsored Foundation Codition (FC), of which the Universty of
Alabama (UA) was apartner. The four thrusts of the Foundation Coalition were curriculum
integration, active learning, technology in the classroom and assessment.  Curriculum integration
at UA necessitated cohort scheduling because the content of the new integrated FC math, science
and engineering courses, athough equivaent to the traditiond curriculum as awhole, were
different individualy than their traditiona counterparts. Thus, students were required to take
ether al of the FC courses or none of them.

Active learning was usudly implemented in the classrooms by means of team exercises.
Students were assigned to the same four-person teams for dl of the four courses (chemistry,
mathematics, physics and engineering). Team homework assgnments and projects were dso
frequently assgned. Although tesmwork was not one of the primary four thrusts of the FC,
students did atremendous amount of teamwork. On average, students received gpproximately
eight hours of team training. The TIDE freshman curriculum emphasized other kills besides
teamwork, including use of computers, written and oral communication and open-ended design
projects.
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M ethodology

In order to better understand TIDE student’ s internalization of program principles, the
Soft Skill Assessment Inventory (SSAI) was developed. The SSAI is an eeventitem five-point
rubric given to agroup of ingructors for rating soft skill attainment of past gudents. The
indrument contains one scale for each of the eleven areas the TIDE program intends to impact;
team kills, initiative, problem solving, written communication skills, verba communication
kills, ability to complete tasks, leadership abilities, use of computers to solve problems, verba
presentation skills, engagement in life long learning, and degree of flexibility. The research team
developed detailed descriptions of the one, three and five anchor points that were distributed to a
select group of colleagues for validation.

Twenty-Six engineering professors were recruited to rate past sudents on their attainment
of each of the soft skillsin the instrument. These professors were selected because they had
taught courses that incorporated team projects. The professors were given achart of their old
students and a copy of the rubric for reference. A researcher met face to face with the raters and
explained the rubric and chart. Raters were asked to review the documents and were encouraged
to ask clarification questions. The raters were instructed to forego review of students for whom
they had no memory or only aflegting memory. The raters were to only review those sudents
they remembered quite well. Raters were not told that the sudy was designed to look at the
differences between TIDE and non-TIDE students in order to avoid reter bias.

A tota of 189 students from incoming freshman years of 1994 through 1998 were
included in the origina sample. Each student name was given to at least three different raters.
Student ratings were kept for andyssif they contained more than one rating per sudent and
there was no missing data on any of theitems. The averages of multiple ratings for each sudent
were caculated to give a Single rating score on each item per student.

Fifteen out of 26 raters returned completed formsin atimely manner. Thefind sample
consisted of 109 students, 56 who participated in the traditiona freshman year curriculum and 53
who were part of the experimental TIDE program. The fina sample contained 70 maes and 39
femdes. Eighty-three percent of the sample was white, twelve percent black and five percent
were from other racia categories.

Results
Psychometric Properties of the SSAI

Since the SSAI is aresearcher-developed instrument, it isimportant to look at the
psychometric properties to get a sense of its reliability and validity. A Cronbach aphardiability
coefficient was computed to assess the reliability or internad consistency of the SSAI. Cronbach’s
Alpha’*® satistic is used to determine the internal consistency of an instrument when only a
sngle sample of scoresisavailable. 1dedly, congstency is determined by using two pardle
forms of the instrument given to the same sample at different timeintervals. In many cases, this
is not feasible; therefore, the dphaisagood estimate of test-retest consstency. The computed
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Cronbach dphalevd of .9484 isindicative of a highly rdiable instrument. Therefore, we can be
reasonably assured that multiple adminigtrations of the SSAI would yield Smilar results.

Item to total score correlation coefficients were computed to better understand the extent
to which each item isagood predictor of thetotal score. In the case of the SSAI, dl Person
Product Moment item to total score correlation coefficients were both high and Satisticaly
ggnificant (see Table 1).

Table1: Item to totd corrdation coefficients of the SSAI

Total Score

Total Score Pearson Correlation 1.000
Sig. (2-tailed) .

Team Player Pearson Correlation .806*
Sig. (2-tailed) .000

Initiative Level Pearson Correlation .865*
Sig. (2-tailed) .000

Life Long Learning Pearson Correlation .818*
Sig. (2-tailed) .000

Verbal Presentation Skills Pearson Correlation .753%
Sig. (2-tailed) .000

Use Computers to Solve  Pearson Correlation .793%
Problems Sig. (2-tailed) .000

Leadership Abilities Pearson Correlation .873*
Sig. (2-tailed) .000

Ability to Complete Tasks Pearson Correlation .876%
Sig. (2-tailed) .000

Written Comm Skills Pearson Correlation 771
Sig. (2-tailed) .000

Verbal Comm Skills Pearson Correlation .832*
Sig. (2-tailed) .000

Problem Solving Skills Pearson Correlation .838*
Sig. (2-tailed) .000

Degree of Flexibility Pearson Correlation .715%
Sig. (2-tailed) .000

**_Correlation is significant at the 0.01 level (2-tailed).

A principle components factor andysis with varimax rotation was undertaken to explore
the underlying factor structure of the SSAI. Factor analysisis a method employed to better
understand the underlying structure of an instrument. The covariation between observed items
within an instrument can be explained by their commondity with asingle underlying factor, or
sub-scde. Furthermore, the factor anadlys's dlows an insrument with multiple itemsto be
reduced to a handful of factors composed of individud items. One method for mathematically
extracting the commonalities between itemsis a principle components method. Once extracted,
it is useful to mathematicaly rotate factor axesin multidimensiona space to better understand
the factor ample solution. The varimax rotation is a method employed to rotate factor axes.
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Although a complete discussion of factor analysisis beyond the scope of this E)aper the reeder is
encouraged to read one of the many statistical texts devoted to this process.®*°

A two-factor solution that explains 74% of the variability within the insrument was
chosen asthe ample solution. The two factors had eilgenvalues of 7.295 and 0.835 respectively.
Factor 1 conssts of seven items which contain soft skills that are most helpful in individua
working Stuations. This sub-scae that we named Individual Based Skills, contains the items
Problem Solving Skills, Use of Computersin Problem Solving, Ability to Complete Tasks,
Initiative Leve, Verbd Presentation Skills, Verba Communication Skills, and Written
Communication SKills. Factor 2, which we cdled Teaming, is made up Degree of Hexibility,
Team Player, Life Long Learning, and Leadership Abilities. This sub-scale can be seen to
contain skillsthat could enable a student to better work in teams and groups (See Table 2)

Table 2: SSAI rotated component matrix.

Rotated Component Matrik

Component
1 2
Problem Solving Skills .865 .286
ILDJ'rs‘;abIC;chan;puters to Solve 892 257
Ability to Complete Tasks .763 .456
Initiative Level .760 446
Verbal Presentation Skills .733 .286
Verbal Comm Skills .631 .546
Written Comm Skills .607 469
Degree of Flexibility 193 .871
Team Player .379 797
Life Long Learning 479 .704
Leadership Abilities .576 .675

Extraction Method: Principal Component Analysis.
Rotation Method: Varimax with Kaiser Normalization.

a. Rotation converged in 3 iterations.

Therdiability coefficient, item-to-tota score correlation coefficients, and the factor
andydgsdl indicate that the SSAI is ardiable instrument with good evidence of vdidity. We
fed confident that the SSAI isagood instrument to usein exploration of the soft skill attainment
of past engineering students.

Differences Between Groups
To test our hypothesisthat previous TIDE students would be seen by professors as having

agreater degree of soft-skill attainment than previous sudentsin the traditional curriculum, at-
test was conducted using the total SSAI score, and both sub-scales of the SSA.
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Thetest of group differences showed no gatistica significance a the .05 dphaleve for
differences between the tota SSAI score (t = -0.607, df = 107, a = .545), the Individua Based
Skillssubscde (t = -0.195, df = 107, a = .845), or the Teaming subscale (t = -1.234, df = 107,
a =.220).

Table 3: Group means and standard deviations on the SSAI.

N M ean SD SE Mean
Total Score TIDE 53 41.91 7.05 .9691
Traditiond 56 41.08 7.20 9617
Individual TIDE 53 26.55 4.44 .6103
Based Skills Traditiond 56 26.38 4.89 .6540
Teaming TIDE 53 15.35 2.87 .3943
Skills Traditiond 56 14.70 2.66 .3561

Differences between the individud items on the SSAI were explored to determine if any
single soft-skill attainment was Satigicaly significant between the TIDE and traditiond groups.
Sincetheindividud Likert-type items can be accurately described as ordinal level data, the
Wilcoxon W non-parametric test was used to assess group differences. The Wilcoxon procedure
ranks dl observations of both groups in order to determine if the summed ranks of one group is
ggnificantly different from the summed ranks of the second group. Our hypothesisisthat the
ranked soft-skill assessments of the TIDE students will be higher than those of the traditiona
students.

Table 4 shows that the only individua soft-<kill item that had Sgnificantly different
summed ranks was the Team Player item (W = 2653.50, z=-2.615, p =.009). Although not
sgnificant at the .05 leve, the Leadership Abilities item was the nearest to gpproaching
ggnificance in favor of TIDE students (W = 2878.00, z=-1.239, p = .215). Likewise, the
Written Communications Skills item was gpproaching significance in favor of traditiond
students (W= 2713.00, z=-1.246, p = .213).

Conclusions

The SSAI was developed as an evauation tool to better determine the degree to which
the TIDE program was directly related to student soft-skill attainment and carry-over. The SSA
was found to be highly rdiable with strong evidence of vdidity.

The results indicate that, overdl, TIDE students were not given higher ratings than
traditional students for soft-skill atainment. TIDE students did rate sgnificantly higher on one
individua scae, the Team Player scde. Two other items gpproached a significant difference;
TIDE students rated higher on Leadership Ahilities and traditiond students rated higher on
Written Communication
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Table 4: Wilcoxon tests for each item on the SSAI.

Group N Mean | Sum of z p-value
Rank | Ranks | Statistic
Team Player Traditional | 56 4738 | 265350 | -2.615 | .009**
TIDE| 53 63.05 | 334150
Initiative Level Traditional | 56 5357 | 3000.00 | -0.489 625
TIDE| 53 56.51 | 2995.00
Life Long Learning Traditional | 56 56.69 | 317450 | -0.581 .561
TIDE| 53 53.22 | 2820.50
Verba Presentation Traditional | 56 52.00 | 2912.00 | -1.046 .296
TIDE| 53 58.17 | 3083.00
Use of Computersto | Traditional| 56 54.87 | 307250 | -0.046 .963
Solve Problems TIDE 53 55.14 | 2922.50
Leadership Abilities Traditional | 56 51.39 | 2878.00 | -1.239 215
TIDE| 53 58.81 | 3117.00
Ability to Complete Traditional | 56 56.17 | 314550 | -0.400 .689
Tasks TIDE| 53 53.76 | 2849.50
Written Traditional 56 58.61 | 328200 | -1.246 213
Communication
TIDE| 53 51.19 | 2713.00
Verba Traditional | 56 52.96 | 2966.00 | -0.700 484
Communication
TIDE| 53 57.15 | 3029.00
Problem Solving Traditiona 56 56.27 | 3151.00 | -0434 .664
ills
TIDE| 53 53.66 | 2844.00
Degree of Flexibility Traditional | 56 54.11 | 3030.00 | -0.306 759
TIDE| 53 55.94 | 2965.00

The TIDE program attracted students interested in team work, provided basic training in
how to work in teams, and then supplied ample opportunities to students to work in teams bothin
and out of class. Severd yearslater, professors rated former TIDE students higher asteam
players and in leadership abilities. Because the TIDE students were volunteers and the students
in the control group were not, we were not able to distinguish whether the TIDE program
attracted students with more interest and ability in teamwork or the TIDE program ingtilled better
team skills than the traditiond curriculum. The authors persond experience recruiting students
for TIDE and teaching those students suggests both effects were operdtive. Although frustrating
from aresearch standpoint, the results are clear from an adminigtrative sandpoint: the TIDE
program supplies industry with students possessing better team skills.
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