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Abstract
Student–student interactions are influential parts of field experiences. While com-

petitive judging events are a fun way to engage students in field-based learning, the

focus on competition leads to an atmosphere that discourages collaboration between

students. The objective of this study was to evaluate the cognitive and affective

learning outcomes resulting from intercollegiate collaboration at a soil judging com-

petition. Teams with students from two to three different universities were assigned

and referred to as jumble judging teams. Jumble judging was held for the first time in

the 2021 Region 5 Collegiate Soil Judging Contest. Learning outcomes were assessed

using a pre- and postsurvey, as well as group and individual reflections completed in

the field. Student responses were generally positive, with 70% of students expressing

agreement or strong agreement that they would like jumble judging to be included in

future contests, 54% citing jumble judging as one of the best parts of the contest, and

93% identifying learning outcomes or describing an affective learning experience

resulting from jumble judging. Evidence of both cognitive and affective learning

were identified through student surveys and reflections. Overall, the event created

a collaborative and collegial atmosphere and increased interaction between students

from different universities, while maintaining the competitive nature of the event that

motivates many students to get involved with judging teams.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the original

work is properly cited.
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1 INTRODUCTION

In cooperative learning activities, students work with peers

in pursuit of a common goal. Through cooperative learning,

students share knowledge and experiences. The active partici-

pation and communication between students lead to cognitive

learning (i.e., understanding concepts and skills) (Macpher-

son et al., 2011) and influences students’ affective response

(i.e., attitudes, emotions, and motivations) (Kortz et al., 2020).

Although lower performing students with less prior under-

standing of subject matter may be the strongest beneficiaries

of cooperative learning activities (Johnson & Johnson, 1983;

Macpherson et al., 2011; Mora, 2010), high-performing stu-

dents may also benefit from cooperative learning through

gains in self-esteem, confidence, and oral rehearsal of infor-

mation (Johnson et al., 1985; Neber et al., 2001). In addition

to improved learning around the subject matter, cooperative

learning helps students learn to work with others, improves

communication skills, and better prepares students to be pro-

ductive members of workplace teams (Johnson & Johnson,

1983; Macpherson et al., 2011). These are important skill sets

for students to practice, as many employers consider team-

work and collaboration critical competencies for prospective

employees (Gosselin et al., 2016).

In the classroom, cooperative learning may be incorporated

through peer instruction, think-pair-share questions, jigsaw

activities, and tiered exams (Macpherson et al., 2011). Such

activities lead to development of a deeper understanding of

concepts through explanation and negotiation that takes place

between students (Mora, 2010). Most students report that

cooperative learning is both effective and enjoyable, suggest-

ing a willingness to learn from and share knowledge with

peers (Macpherson et al., 2011; Mora, 2010). Outcomes may

be purely cognitive or affective, or combination of the two.

For example, improved performance with tiered exams may

reflect cognitive gains as students learn from their peers, or

it may stem from the confidence that initially lower perform-

ing students gain from their experiences of success in group

exams.

In designing field experiences, as in the classroom, it is

important to consider the role of student–student interactions,

which may go beyond cognitive gains to influence larger

issues, including career decisions. Field experiences are criti-

cal to student retention within geoscience majors (Kortz et al.,

2020). Presumably, this is also true in other majors within the

natural sciences. Efforts to design field-based courses around

affective learning objectives have also been shown to result

in transformational experiences (Jelinski et al., 2020). Fur-

thermore, the educational persistence of students is primarily

related to affective factors, including increasing self-efficacy

(e.g., from gaining mentors and getting to know peers) and

developing a sense of identity within the profession (e.g., by

being part of a community) (Kortz et al., 2020).

Core Ideas
∙ An intercollegiate collaborative activity was

implemented at a soil judging competition.

∙ Students responded positively to collaborating

with their peers from other universities.

∙ Increased collaborative learning led to cognitive

and affective outcomes.

Judging contests are a prominent and influential field expe-

rience in the education of many students in the environmental

and agricultural fields. Collegiate soil judging contests have

been held at a national level since 1961 (Cooper, 1991). How-

ever, a focus on competitive aspects of the field experience

can lead participants to prioritize individual accomplishments

over the benefits that can be gained through student–student

interactions. In a typical soil judging contest, teams from var-

ious colleges and universities travel to a location selected

by the host institution, spend 3–4 days in the field describ-

ing local soils, followed by 1–2 days of competition (Owen

et al., 2021). Through such contests, students obtain prac-

tical, hands-on experience and gain confidence at making

interpretations in the field (Cooper, 1991).

Cooperative learning was initially incorporated into soil

judging with the addition of a group judging component to

the contest. Group judging was first implemented in the 1990

Region 5 Collegiate Soil Judging Contest (Cooper, 1991),

and subsequently adopted in most of the other regional and

national soil judging contests. In the group judging portion

of the contest, students from a single university or college

work as a team to describe the soil and submit one score

sheet for grading. As with other forms of cooperative learn-

ing, students benefit from discussions that take place as they

work together and come to an agreement regarding how they

describe and interpret the soil. In the first group judging con-

test, teams were limited to four individuals, a 1 hour time limit

was imposed, and only one of the four contest pits was group

judged. Student feedback was favorable, with 96% of students

expressing a desire to continue this component of the con-

test (Cooper, 1991). However, students suggested that they

would have liked extra time on group judging to allow for

more discussion.

In the years since, group judging has become a larger com-

ponent of the contest in Region 5, with three out of five contest

soil pits being group judged. In addition, the size of teams is

no longer restricted to four individuals, and in some cases,

teams are exceptionally large (e.g., 17 individuals on a team).

Interestingly, with larger teams the strategy has shifted, such

that the division of labor to optimize efficiency is prioritized

and the idea of allowing extra time to encourage discussion
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during group judging has fallen lower in priority. Although

this format of group judging leads to high scores and compet-

itive teams, it raises concerns that some cognitive gains from

collaborative learning are lost.

Beyond the student–student interactions that take place dur-

ing the contest and practice days in the field, the contest as a

whole provides opportunities for students to connect in ways

that may promote self-efficacy and an identity within the pro-

fession (Kortz et al., 2020). Students attend group dinners,

presentations by local soil experts, and an awards ceremony.

In response to a survey given during remote soil judging con-

tests, which were held by some regions during the coronavirus

pandemic, 23% of students cited lack of social interactions

within and among teams as one of the problems with the

remote format (Owen et al., 2021). Earlier surveys conducted

at soil judging events have also suggested that students benefit

from the exchange of ideas between faculty and students from

participating institutions (Post et al., 1974). Thus, this study

considers how contests might be structured to increase such

interactions.

Interestingly, in the earliest attempt at group judging, when

teams were limited to four individuals, alternates were placed

on mixed-university teams and were noted to benefit from the

interaction with their teammates from other schools (Cooper,

1991). In this study, the idea of collaboration across institu-

tions is revisited, not just for alternates in group judging, but

for all student participants, as a third part of the soil judg-

ing contest (separate from single-university group judging).

This part of the contest is referred to as “jumble judging” to

reflect the mixed, intercollegiate composition of the teams.

The objective of this study was to evaluate students’ cognitive

gains and affective responses associated with collaboration

across universities through implementation of jumble judging

at a regional soil judging contest.

2 MATERIALS AND METHODS

The United States is divided into seven regions for colle-

giate soil judging and regional contests are held in the fall

of each year. Teams from colleges and universities through-

out a region travel to the contest location and spend 3–4 days

in the field learning about the local soils prior to the contest,

which takes place over 1–2 days. Most regions now include

both individual and group judging in the contest. Region 5

encompasses the North Central part of the United States. In

2021, seven teams participated in the Region 5 contest—

Iowa State University, Kansas State University, South Dakota

State University, University of Minnesota-Twin Cities (host),

University of Missouri, University of Nebraska-Lincoln, and

University of Nebraska-Omaha. The contest was based in

Crookston, MN, and focused on soils of the Lake Agassiz

F I G U R E 1 Location of Crookston, Minnesota, and major land

resource areas 56A and 56B within soil judging Region 5.

F I G U R E 2 Illustration of how students were shuffled into jumble

judging teams. Each pattern represents a different university. Teams on

the same row of the illustration were assigned to practice sites in the

same geographic area each day, making it possible to gather at the end

of the day and work together on jumble judging.

plain and surrounding beach ridges in Major Land Resource

Region 56A and 56B (Figure 1) (USDA-NRCS, 2022).

For the newly added jumble judging portion of the con-

test, students were shuffled into randomly assigned jumble

judging teams containing members from different universi-

ties (Figure 2). Due to time constraints during the contest day,

jumble judging pits were judged by students during the prac-

tice days. These pits were included as part of the competition

even though they took place prior to contest day. One jumble

judging pit was included at the end of each practice day. Due

to practice sites at widely distributed locations throughout

the contest region, jumbled teams were limited to members

from two to three universities who were assigned to prac-

tice sites that were in close proximity. This allowed teams

that were in a jumble judging group to easily assemble at the

end of the day. Students in each grouping of teams were split
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into three jumble judging teams consisting of five to eight

members (Figure 2). The teams were the same for all 3 days

of practice. The jumble teams did not have any practice judg-

ing soils together before competing as a group at their first

jumble judging pit. For jumble judging teams to be created

efficiently, it was required that coaches submit the names of

all student participants before the first day of practice so that

the contest host could arrange the jumble judging teams and

distribute this information to coaches.

During jumble judging, one coach was designated as

moderator and was responsible for timing, distribution and

collection of scorecards, and ensuring that contest rules were

followed. At the first jumble judging, pit students were given

10 min before the start of judging to meet their teammates

and discuss how they planned to work together. On the sec-

ond and third days of jumble judging, this extra time was not

provided. The teams were then given 80 min for judging, in

which each jumble judging team worked together to complete

one scorecard for grading. Teams were given access to the soil

pit in three rotations of five minutes, three rotations of 10 min,

three rotations of 5 min again, followed by 20 min of free time

in which the pit was open to all students. Coaches were not

allowed to interact with their students during jumble judging.

Scorecards were collected at the end of the 80 min and held

by the coach designated as jumble judging monitor until con-

test morning. After collection of the scorecards, coaches went

over the key with the students, so that they could also use the

jumble judging pits as a learning experience. Coaches were

also permitted to meet with their university’s team and talk

about important features of the jumble judging soil pit after

judging was complete.

Jumble judging was scored according to official contest

rules and included as a part of the contest, with awards given

to the top three jumble teams. Official grading of the jum-

ble judging scorecards took place on contest morning and

followed the same protocols as used for scoring regular con-

test pits (see Contest Guidebook in Supporting Information).

Mean scores were compared between the three successive

days of jumble judging using a one-way ANOVA test, and

jumble versus single university team judging scores were

compared using a t-test.

Students completed pre- and postsurveys on student learn-

ing outcomes during the contest, as well as daily reflections

completed after each jumble judging pit. The precontest sur-

vey was completed by students during the welcome dinner

held the evening that teams arrived at the contest site in Crook-

ston, Minnesota. The postcontest survey was completed prior

to the awards ceremony at the end of the week. Both surveys

were conducted on paper and the questions on the surveys

were based on those used in previous evaluations of student

learning at soil judging contests (Owen et al., 2021; Rees &

Johnson, 2020). Topics addressed in the presurvey included

demographics, expectations for the week, self-assessment of

how well students understood relevant soil concepts, and

attitudes toward soil judging and soil science. Assessment

of understanding questions were posed on a 5-point Likert

scale: no understanding (1), little understanding (2), some

understanding (3), good understanding (4), and master (5).

Attitudes were also assessed using a 5-point Likert scale:

strongly disagree (1), disagree (2), neither agree nor disagree

(3), agree (4), and strongly agree (5). Expectations for the

week were posed in three open-ended questions: (a) What are

you most looking forward to during the soil judging contest

near Crookston, Minnesota? (b) What part(s) of the contest do

you think you will least enjoy? (c) What do you expect will

be the most educational part of the soil judging contest?

The postcontest survey included the same demographic

questions, self-assessment of understanding of soil concepts,

and survey of attitudes toward soil judging and soil science

as the presurvey. The postsurvey reflection included three

open-ended questions: (a) What was the best part(s) of this

contest? (b) What was the worst part(s) of the contest? (c)

What was the most educational part of the soil judging con-

test? The postcontest survey also included a set of 5-point

Likert scale questions that assessed overall student attitudes

about the jumble judging activity.

Daily reflections were completed in the field after each

jumble judging pit. The reflections were completed by each

jumble judging team as a group on the first 2 days. The

third and final reflection was completed individually. For

the group reflections, students were asked: (a) In a few

sentences, describe what went well with today’s jumble judg-

ing activity. (b) In a few sentences, describe what did not

go well with today’s jumble judging activity. (c) In a few

sentences, describe how/what your group plans to do differ-

ently for tomorrow’s jumble judging activity. Students were

instructed to consider various aspects of the experience, such

as techniques, group collaboration, problem-solving, com-

munication, and overall group dynamic. In the individual

reflection, students were asked: (a) Did you learn anything

new from the jumble judging activity that you did not learn/do

in your normal soil judging practice? (b) Suggestions for

future jumble judging activities? The daily reflections were

coded according to the theme of the response, using the cate-

gories of social, physical, cognitive, and affective (Kortz et al.,

2020). Topics coded as social included communication and

teamwork. Topics coded as physical included weather (e.g.,

heat), plants (e.g., thorns), and time (e.g., being tired at the

end of the day). Any mention of skills, methods, and concepts

were coded as cognitive. Topics coded as affective included

self-doubt, moods, emotions, sense of belonging, confidence,

networking, and bonding. Reflections that included multi-

ple themes were assigned to all relevant coding categories.

Coding was performed independently by two researchers

and all disagreements were discussed and resolved by

consensus.
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Coaches from each university (i.e., authors of this paper)

were asked to complete a survey, which was distributed by

email after the contest. The coach’s survey included five

open-ended questions: (a) What were some positive outcomes

of the jumble judging part of the contest? (b) What were

some negative outcomes of the jumble judging part of the

contest? (c) Was there anything you found surprising about

the jumble judging event? (d) Do you think we should con-

tinue this event? Why or why not? (e) Do you have any

ideas for how jumble judging might be improved if we try it

again?

3 RESULTS AND DISCUSSION

3.1 Student demographics

Fifty-seven students competed in the Fall 2021 Region V

Collegiate Soil Judging Contest. Pre- and postcontest sur-

vey responses, as well as individual reflections of the jumble

judging activity, were collected from all participants. Two per-

cent of the students were freshman, 14% were sophomores,

26% were juniors, 53% were seniors, and 5% of the students

responded as “other” for their undergraduate academic stand-

ing. Of the respondents, 58% responded that this was their first

year of soil judging, 23% said that this was their second year

of soil judging, and the remaining 19% that they had partici-

pated in soil judging for 3–5 years. Overall, 35% of students

responded that their academic major was in environmental

science, while 21% responded that they major in agronomy,

14% in geology, 10% in natural resources management and

conservation, and the remaining students listed other majors

such as plant science or agricultural education. Of the respon-

dents, 32% indicated that they had taken one college-level soil

science class, 21% had taken two classes, 21% had taken three

or four classes, 17% had taken between five and ten classes,

while 9% indicated that they had not taken a college-level soil

science class.

3.2 Jumble judging scores

The daily mean scores in the jumble judging contest ranged

from 66.5% to 69.8% and showed no trend over time

(Figure 3). Comparison of scores by ANOVA revealed no

significant difference between the 3 days of the contest

(p = 0.46). In addition, mean scores were very similar

when students worked together on soil judging regardless of

whether they were working with an intercollegiate jumble

judging team (mean score = 68%) or their own university

team (mean score = 70.1%) (Figure 4). No significant dif-

ference was found between jumble judging and team judging

scores based on a two-tailed t-test comparison (p = 0.30).

F I G U R E 3 Mean scores on jumble judging over three successive

days. Error bars depict the standard error.

F I G U R E 4 Comparison of mean scores on jumble judging and

single-university team judging pits. Error bars represent standard error.

These results convey that student performance was neither

improved nor lost when they were assigned to work with

students from other universities. While we hypothesized that

the score would improve as the jumble judging teams gained

experience working together over 3 days, no such improve-

ment was observed. Mental and physical fatigue may have

played a part; practice days are long (8–10 h) and the jumble

judging pits were at the end of the day.

3.3 Group reflections

When reflecting on what went well during jumble judging, the

majority of groups focused on social aspects of the experience

on both day one and two, but often in combination with cog-

nitive or affective aspects (Table 1). For example, one group

wrote, “Forming a plan as a group; bounced ideas off each

other well (boundaries!); learning new methods (texture!).”
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T A B L E 1 Themes identified in student reflections on jumble judging.

Reflection prompt and day

Response themes (count)
Social Physical Cognitive Affective

Group reflection prompt 1: In a few sentences, describe what went well with today’s jumble judging activity (N = 9)
Day 1 9 1 5 1

Day 2 8 0 4 5

Group reflection prompt 2: In a few sentences, describe what did not go well with today’s jumble judging activity (N = 9)
Day 1 4 4 5 2

Day 2 2 2 3 4

Group reflection prompt 3: In a few sentences, describe how/what your group plans to do differently for tomorrow’s jumble judging
activity (N = 9)

Day 1 5 1 8 0

Day 2 2 2 6 3

Individual reflection prompt: Did you learn anything new from the jumble judging activity that you did not learn/do in your normal soil
judging practice? (N = 57)

Day 3 16 0 40 8

This was considered social (i.e., how they worked together)

and cognitive (i.e., methods and skills) in theme. Another

group wrote, “We had really good teamwork, great mixture

of the schools working together on the same things. Everyone

jumped in and got dirty and had fun. We all have really good

communication and know how to be social and not be afraid

to ask the hard questions.” This was considered as social and

affective because they discussed teamwork and communica-

tion, but also their emotional responses of “having fun” and

being “unafraid.” More affective statements were identified

on day 2 compared to day 1, reflecting increased use of emo-

tional language on the reflections as the teams spent more time

working together.

In their reflections on what did not go well, there was an

even distribution of social, physical, and cognitive themes on

day 1 (Table 1). For example, one group focused on social

and cognitive themes in their reflection, “Slope was hard to

choose from. Group overall communicated but lost track of

responsibilities.” Another group reflected only on physical

challenges, “I sat on a thistle, too many thistles; took a minute

to find footing.” On day 2, the responses had more cognitive

and affective themes. For example, “Figuring out landform;

overthinking.”

When reflecting on what to do differently the next day,

most responses focused on cognitive themes on both days,

but often combined these with social or affective themes

(Table 1). Affective themes were again found to increase

on day 2. For example, on day 1, one group reflected,

“Split color and texture. More checks and balance.” This

includes both cognitive and social aspects. On day 2, one

group included social, cognitive, and affective elements in

their reflection, “Take representative samples after bound-

ary discussion; be more open to double checking and

respect.”

In general, students reflected that social aspects of jumble

judging went well, while their reflections on how to improve

tended to focus on cognitive themes. When reflecting on what

did not go well themes were nearly equally divided between

the social, physical, cognitive, and affective domains. Across

all parts of the reflections, affective themes emerged more on

the second day.

3.4 Individual reflections

The majority (82%) of students indicated that they learned

something new from jumble judging that they did not learn

in their normal soil judging practice. Another 11% indi-

cated that they did not feel they learned anything, but did

describe an experience related to affective outcomes. Cogni-

tive learning outcomes made up 70% of responses (Table 1).

These responses focused on new field techniques, strategies,

resources, or soil concepts. Techniques for soil texture were

mentioned in more than half of the responses focusing on

cognitive themes. This reflects the diversity of approaches

that instructors take toward teaching this skill and the chal-

lenge that it presents to many students (Turk & Young, 2022).

Students mentioned a variety of texture techniques that were

shared during jumble judging, including feeling for grit with

the teeth, visual assessments for sand, and the wire method for

clay. Social learning was included in 28% of responses. These

included statements such as, “Having new groups helped in

discovering new group cohesion techniques” and “I learned

how to work with people I don’t know.” Affective aspects of

learning were brought up within 14% of responses, with stu-

dents describing their experiences dealing with compromise,

gaining comfort at speaking one’s mind, teaching others,

and having fun. However, many of these affective responses
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conveyed that the students did not view these experiences as

a form of learning. They made statements such as “No [I did

not learn anything], but did teach others.”

Most suggestions for improvement of the jumble judging

activity focused on increasing the diversity of the teams and

changing the timing of the event. Regarding the diversity of

the teams, students expressed that they would like to be on

teams with one student from each university, rather than a

few individuals from two or three universities. With regard

to timing, students expressed that they had extra time dur-

ing jumble judging and the time allotted could be shortened.

Many students also expressed that they would rather do jum-

ble judging earlier in the day when they are less tired and have

more energy to work with other people. Upon reflection on

these suggestions, it seems possible to structure jumble judg-

ing in a way that would accommodate both increased team

diversity and moving the event earlier in the day. One way

to accomplish this could be to designate one field site with

three soil pits, located centrally in the contest area, where

all teams could meet each morning for jumble judging. The

central location and common meeting place would make it

possible to create jumble teams with members from more

than two or three universities. The jumble judging pit would

be the first pit of the day, after which teams could disperse

to separate field sites around the region for the rest of the

day. Moving jumble judging to the start of the day would

reduce waiting if a team is running late in their practice

schedule.

Another common suggestion was to incorporate an ice-

breaker or social activity during the welcome dinner, which

would allow the jumble judging team to get to know each other

better before working together. Depending on the conventions

of the contest (i.e., if a welcome dinner is typically held), this

is a suggestion that could easily be accommodated. The ice-

breaker could be a generic activity that helps the groups get to

know each other personally and build community. However,

ice-breakers in higher education are thought to be more effec-

tive when they are relevant to the class subject and designed

around the interests of the targeted group (Eggleston & Smith,

2004). Therefore, a better approach may be to design an ice-

breaker that encourages students to share their experiences

in soil judging, why they are at the contest, and their values

around competition and collaboration.

3.5 Attitudes survey

In response to Likert scale attitude statements, students

showed agreement (i.e., mean significantly greater than three)

for all statements (Table 2). This included attitudes related to

cognitive, social, and affective outcomes of jumble judging.

Attitude statements that focused primarily on affective out-

comes received some of the highest ratings. This included the

impact of jumble judging on helping students feel like a val-

ued member of the regional soil judging community (3.72)

and if they had fun jumble judging (3.98). Regarding cogni-

tive gains, students generally agreed that the activity improved

their problem solving skills, but this was among the low-

est scoring attitudes, with an average rating of 3.6. This was

also the only attitude for which significant differences were

identified between first-year students and those with past soil

judging experience. The average score for first-year students

was higher (3.82) compared to the experienced judgers (3.23)

(p = 0.017), indicating that the cognitive gains from jumble

judging were greater among students who were new to soil

judging. This finding is similar to other cooperative learn-

ing studies, which reveal the students who benefit the most

are those with the least prior understanding of the subject

matter (Johnson & Johnson, 1983; Macpherson et al., 2011;

Mora, 2010). Students’ attitudes related to social aspects of

the contest varied. The highest scores (4.04) were given to

the attitude statement that the activity improved their skills to

collaborate with more diverse teams and backgrounds. This

high score is likely related to students’ literal interpretation

of the statement, which is a direct description of what took

place during jumble judging (i.e., they had to collaborate with

different groups of students). Scores were also high when

students rated the impact of jumble judging for strengthen-

ing their social network (3.82), which suggests broader and

more affective impacts (i.e., sense of community). However,

lower scores were given for the impact of jumble judging

for strengthening their professional network (3.53). There

was a large gap between first year (3.38) and returning soil

judgers (3.72) for this attitude statement. Although this dif-

ference was not significant (p = 0.138), it is reasonable to

hypothesize that returning soil judgers are thinking more seri-

ously of soil science as a career path and therefore see more

professional benefits of forming connections within the soil

science community. Importantly, students also showed an

agreement that they would like jumble judging to be included

in future soil judging contest, with an average Likert score of

3.84.

Overall, the surveys convey positive attitudes toward the

jumble judging activity. More specifically, students felt ben-

efits from jumble judging in the social and affective dimen-

sions. These aspects of field experiences may increase student

motivation and engagement with the subject matter (Jelinski

et al., 2020) and are critical to student persistence within a

field of study (Kortz et al., 2020). Cognitive outcomes were

rated somewhat lower, especially among students with past

soil judging experience. This is an interesting contrast to the

reflections, in which students primarily focused on cognitive

outcomes when asked what they learned from jumble judging.

This may reflect the greater focus on cognitive learning out-

comes in higher education, leading students to default towards

this type of response when asked what they “learned.”
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T A B L E 2 Student Likert-scale ratings of attitudes statements.

Response (%)

Group
Strongly
disagree Disagree Neutral Agree

Strongly
agree Mean p-Value

The jumbled judging activity improved my problem solving skills.
All (N = 57) 1.8 7.0 35.1 42.1 14.0 3.60 <0.001

First year (N = 34) 0.0 3.0 29.4 50.0 17.6 3.82 0.017

2+ years (N = 23) 4.3 13.0 43.5 30.4 8.7 3.26

The jumbled judging activity improved my skills to collaborate with more diverse teams/backgrounds.
All 0.0 1.8 22.8 45.6 29.8 4.04 <0.001

First year 0.0 3.0 23.5 44.1 29.4 4.00 0.683

2+ years (N = 23) 0.0 0.0 21.7 47.8 30.4 4.09

The jumble judging activity helped me to feel like a valued member of the regional soil judging community.
All 0.0 10.5 22.8 50.9 15.8 3.72 <0.001

First year 0.0 11.7 23.5 50.0 14.8 3.68 0.652

2+ years (N = 23) 0.0 8.7 21.7 52.2 17.4 3.78

The jumbled judging activity strengthened my social network.
All 0.0 5.3 28.1 45.6 21.1 3.82 <0.001

First year 0.0 8.9 29.3 41.2 20.6 3.74 0.326

2+ years (N = 23) 0.0 0.0 26.1 52.2 21.7 3.96

The jumbled judging activity strengthened my professional network.
All 0.0 12.3 36.8 36.8 14.0 3.53 <0.001

First year 0.0 20.6 32.3 35.3 11.7 3.38 0.138

2+ years (N = 23) 0.0 0.0 43.5 39.1 17.4 3.74

The jumbled soil judging activity was fun.
All 3.5 5.3 12.3 47.4 31.6 3.98 <0.001

First year 3.0 5.9 8.9 52.9 29.3 4.00 0.873

2+ years (N = 23) 4.3 4.3 17.4 39.1 34.8 3.96

If I participate in another soil judging contest, I would like it to include a jumble judging component.
All 3.5 10.5 15.8 38.6 31.6 3.84 <0.001

First year 3.0 14.7 14.7 44.1 23.5 3.71 0.259

2+ years (N = 23) 4.3 4.3 17.4 30.4 43.5 4.04

Note: The p-value in rows labeled “All” was determined from a two-tailed t-test with the hypothesized mean of 3. The p-value between rows labeled “first year” and “2+
years” was determined from a two-tailed t-test comparing these two groups.

3.6 Pre- and postcomparison

When asked what they were most looking forward to on the

precontest surveys, only 21.1% of students mentioned jum-

ble judging (or related topics) (Table 3). However, in the

postsurveys 53.5% of the students included jumble judging

(or related topics) in their reflections on the best part(s) of

the contest. This result suggests that jumble judging was an

impactful part of the contest that exceeded student expecta-

tions. However, when asked about the most educational part

of the contest, the number of references to jumble judging

decreased from 22.8% on the presurvey to 10.3% on the post-

survey. This is surprising considering the numerous examples

of cognitive learning that students described in their individ-

ual reflections on jumble judging (Table 1). However, it is

similar to the Likert scale attitudes survey, which showed rel-

atively lower scores for student impression of their cognitive

gains during jumble judging and higher scores for social and

affective outcomes (Table 2). In answering the question about

the “most educational” part of the contest, students seem to

have focused on cognitive learning above other educational

aspects of the experience. A minority of students (less than

10%) conveyed that they were not looking forward to jum-

ble judging on the presurvey and that jumble judging was

among the worst part(s) of the contest on the postsurvey. In

most cases, these students felt that the collaborative nature of

jumble judging detracted from the competitive aspects of the

contest.
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T A B L E 3 Percentage of pre- and postsurvey responses making reference to jumble judging or related themes. Related themes included

peer-learning, team/group collaboration, and networking.

Survey type Survey prompt
Percent of responses including jumble
judging or related themes

Pre What are you most looking forward to during the soil judging contest near

Crookston, Minnesota?

21.1

Post What was the best part(s) of this contest? 53.5

Pre What part(s) of the contest do you think you will least enjoy? 5.3

Post What was the worst part(s) of the contest? 6.8

Pre What do you expect will be the most educational part of the soil judging

contest?

22.8

Post What was the most educational part of the soil judging contest? 10.3

3.7 Coaches’ reflections

The coaches of the soil judging teams (i.e., authors of this

paper) appreciated that the jumble judging activity increased

peer learning and led to more and varied student–student

and student–instructor interactions. One downside that they

noted was that it took up time on practice days, so they

had less time for instruction and training activities with their

own students. Similar to the students, the coaches felt that

the activity would benefit from a structure that allows for

more diverse teams (i.e., more universities represented on a

single jumble judging team) and noted that the time allot-

ted for jumble judging was more than what was required.

The coaches also noticed that some students were hesitant

to share ideas and methods, and were afraid that sharing

team “secrets” would harm their university team’s compet-

itive edge. Designing an ice-breaker for opening night that

encourages students to think about the broader outcomes

of soil judging (i.e., long-term career goals over short-term

contest goals) may be one way to overcome some of this hesi-

tation. Aside from this issue with some students, coaches were

overall surprised at the collegial atmosphere that jumble judg-

ing created, and the positive and respectful collaborations that

took place between students from different university teams.

The coaches also appreciated the interactions with their peers

from other universities, which resulted from being put in the

position to teach together in the field. Overwhelmingly, the

coaches expressed that they would like to continue jumble

judging as a way to promote collaborative learning within

soil judging, and subsequently incorporated jumble judging

at the 2022 Region 5 Soil Judging Contest in northwest

Iowa.

4 CONCLUSIONS

Overall, responses to implementing jumble judging in the

2021 Region 5 contest were positive. Among the students,

70% agreed or strongly agreed that they would like jumble

judging to be a part of future contests. In their reflections, 54%

of students cited jumble judging (or related topics) among the

best parts of the contest and 93% either indicated they learned

something new from jumble judging or described something

that could be categorized as an affective outcome. All coaches

agreed they would like to continue including jumble judging

as part of the regional contest.

Assessment of cognitive learning yielded mixed results.

Scorecard grades show no evidence of improved student

performance related to jumble judging, with average scores

remaining the same over three successive days of jum-

ble judging and no significant difference between jum-

ble judging and single-university team judging scores.

However, cognitive learning was found to be the major

focus of group reflections on how the students planned

to improve, as well as individual reflections on what

was learned through jumble judging. On the Likert-scale

attitudes survey, students conveyed agreement in regard

to cognitive learning (i.e., jumble judging improved my

problem-solving skills). However, the agreement was not

as strong as those related to affective outcomes, especially

among students who had previously participated in soil

judging.

Social themes were the most common topic of group reflec-

tions when jumble judging teams were asked what went well.

In the individual reflections of what was learned through jum-

ble judging, these themes were not as common as cognitive

learning. However, attitudes related to affective learning (e.g.,

jumble judging improved my skills to collaborate with more

diverse teams/backgrounds) received the strongest agreement

on the Likert-scale survey.

Students and coaches both suggested that jumble judg-

ing could be improved by organizing the activity in a way

that allows each jumble judging team to have representa-

tives from more universities. While logistical concerns related

to travel between field sites may present a barrier, this

may be an achievable goal in some contests. A precontest
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ice-breaker was also suggested to help jumble judging teams

get to know each other. A well-designed ice-breaker could

also help students reflect on the benefits of collaboration ver-

sus competition during soil judging, which could increase

buy-in among students who expressed negative attitudes

toward jumble judging.
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